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INTRODUCTION 

The Supreme Court places a heavy burden on States like Florida that seek to upset the 

status quo through a common-law equitable apportionment action.  As the Court has explained, 

“the equities supporting the protection of existing economies will usually be compelling,” 

Colorado v. New Mexico, 459 U.S. 176, 187 (1982) (Colorado I), because the “harm that may 

result from disrupting established uses is typically certain and immediate, whereas the potential 

benefits from a proposed diversion may be speculative and remote,” Colorado v. New Mexico, 

467 U.S. 310, 316 (1984) (Colorado II).  This case begins and ends with these principles: 

Georgia’s existing water uses are compelling, disrupting those uses will cause certain and 

substantial harm, and Florida’s claimed injuries are speculative or not attributable to those uses. 

Georgia is home to over 98% of the population and economic activity in the 

Apalachicola-Chattahoochee-Flint River Basin (“ACF Basin”).  ACF waters in Georgia support 

a city of five million people and a multibillion dollar agricultural industry.  And yet, despite 

those highly beneficial uses, the vast majority of water in the Basin flows through to Florida, 

both in times of plenty and in times of drought.  Florida receives more than 90% of available 

water under most conditions.  And even in the worst drought conditions, the United States Army 

Corps of Engineers (“Corps”) guarantees flows to Florida of at least 5,000 cubic feet per second 

(cfs) in most cases—an amount Florida itself says is “enough water both to supply approximately 

19 million people and irrigate approximately four million acres of farmland.”1 

Before the Supreme Court will interfere with a sovereign State’s decisions on how to use 

the water within its own borders, the Court requires a plaintiff State to demonstrate an injury 

caused by another State that is “real and substantial,” Idaho ex rel. Evans v. Oregon, 462 U.S. 

                                                 
1Fla. Mot. in Limine to Preclude Expert Testimony by Dr. Philip Bedient and Dr. Sorab Panday at 3 (Sept. 16, 2016) 
(emphasis in original). 
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1017, 1028 (1983), and that constitutes “serious damage to her substantial interests and those of 

her citizens,” Colorado v. Kansas, 320 U.S. 383, 398 (1943).  A plaintiff State, moreover, must 

prove those injuries by clear and convincing evidence: “Society’s interest in minimizing 

erroneous decisions in equitable apportionment cases requires that hard facts, not suppositions or 

opinions, be the basis for interstate diversions.”  Colorado II, 467 U.S. at 320-21. 

This case fails at the outset because Florida cannot meet its burden of proving real and 

substantial injury by clear and convincing evidence.  As Florida readily admits, this is not a case 

of economic harm.  Rather, Florida attempts to establish a series of ecological harms that it 

claims must be caused by Georgia’s upstream water use.  But these harms either do not exist, are 

based on speculation, or were caused by factors other than Georgia, such as operations of the 

Corps, uncontrollable forces of nature, or Florida itself.  For example, Florida says that Georgia 

caused its oyster collapse, but Florida’s own leading scientists at the University of Florida 

studied this issue for thousands of hours and “did not find correlations” between Apalachicola 

River flows and the 2012 oyster collapse.  Florida also claims that Georgia’s water use has 

endangered the fat threeridge mussel, but the U.S. Fish and Wildlife Service has estimated that 

between 6 and 18 million fat threeridge live in the Apalachicola River, ten times prior estimates.  

And Florida has been forced to concede that it was the Corps (not Georgia) that fundamentally 

changed the river’s habitat when it built Woodruff Dam and dredged the river channel.     

The evidence will also show that Georgia’s water use is “equitable” by any measure.  The 

Atlanta metro region is a nationally recognized leader in water stewardship.  Georgia has spent 

millions on water conservation in the region, and both per capita and total consumptive water use 

have declined in Atlanta over the last twenty years.  Tellingly, Florida has dropped the expert it 

retained to critique Atlanta’s water conservation efforts.  Moreover, since the late 1990s when 
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scientific evidence first began to suggest that agricultural irrigation could have an impact on 

streamflows, Georgia has directed significant funds and resources toward agricultural water 

conservation.  Georgia has extensively studied agricultural water use in the ACF Basin, enacted a 

suite of measures to promote conservation and efficient water use, provided resources to farmers 

to improve irrigation efficiency, and placed limitations on new irrigations permits in key areas.  

Those efforts have had real and meaningful impacts and have stabilized water use in the region. 

Florida also has not advanced a remedy that is reasonable, proportionate, cost-justified, or 

that would provide Florida relief in the absence of the United States as a party.  Florida proposes 

draconian reductions in Georgia’s water use—cuts that will cost hundreds of millions (if not 

billions) of dollars and will generate a mere fraction of the water that Florida suggests.  In some 

cases, Florida proposes entirely implausible reductions that would meet or exceed the total 

amount of water Georgia consumes on a monthly basis.  Those dramatic and costly reductions 

will also yield no benefit to Florida in drought times because of the way the Corps manages 

dams and reservoirs in the Basin, which involves increasing storage in reservoirs and  not 

supplementing downstream flow until drought conditions have abated.  And even if the Corps 

did allow that additional water to pass into the Apalachicola River, Florida has come forth with 

no evidence—let alone clear and convincing evidence—that those additional amounts would 

remedy the ecological harms of which it complains.  Accepting Florida’s proposed remedies 

would thus inflict massive economic injury on Georgia’s farmers and Atlanta’s water supply, 

without providing any measurable benefit to Florida.  

For those same reasons, the evidence has now clearly shown that the United States is a 

necessary party to this dispute, and that this case cannot be fairly adjudicated in the absence of 

the United States as a party.  Both Georgia and Florida’s experts have determined that 
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reductions in Georgia’s consumptive use will not lead to material increases in flow at the state 

line during dry months and drought years without Corps involvement.  Indeed, when Florida’s 

own expert modeled a scenario in which Georgia’s agricultural water use was reduced by 50%, 

there was little to no increase in state line flows during recorded dry months and drought 

years.  These expert analyses prove what Georgia has consistently argued: without Corps 

involvement, any limitations on Georgia’s water use will not provide Florida meaningful relief. 

For these reasons, and for those discussed below, Georgia respectfully asks that the 

Special Master deny Florida’s requested relief, which will only serve to jeopardize Georgia’s 

economy and the well-being of its citizens, while providing no corresponding benefit to Florida. 

ARGUMENT 

I. Florida Must Overcome Substantial Burdens Of Proof. 

As the plaintiff in an equitable apportionment action, Florida must prove its case by clear 

and convincing evidence.  Colorado II, 467 U.S. at 316.  That burden is “much greater” than in 

an ordinary civil case.  Connecticut v. Massachusetts, 282 U.S. 660, 669 (1931).  This Court 

imposes that demanding burden because it is “conscious of the great and serious caution with 

which it is necessary to approach the inquiry whether a case is proved” in an original jurisdiction 

action.  Kansas, 320 U.S. at 393-94.  Florida is asking the Court to intervene in a dispute 

between two sovereign States and impose restrictions on one sovereign’s internal activities at the 

behest of another.  That is a serious and sensitive task.  Colorado II, 467 U.S. at 314.  Before the 

Court will take the extraordinary step of intervening in a State’s affairs, “the case must be of 

serious magnitude and fully and clearly proved.”  Kansas, 320 U.S. at 393. 

Florida’s burden is even higher because it seeks to disrupt substantial and longstanding 

uses in Georgia.  Because “the equities supporting the protection of existing economies will 

usually be compelling,” the Court begins its analysis from the presumption that Georgia’s 
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substantial upstream economies should be maintained.  Colorado I, 459 U.S. at 187.  To 

overcome that presumption and upset the status quo, Florida must prove four things by clear and 

convincing evidence: (1) that it is suffering “real and substantial injury or damage,” Idaho, 462 

U.S. at 1027; (2) that its injury is proximately caused by Georgia’s upstream water use, and is 

not caused by other factors; (3) that Georgia’s upstream water uses are inequitable; and (4) that 

its proposed remedy will redress its alleged injuries and that the benefits of its proposed remedy 

“substantially outweigh the harm that might result” to Georgia, Colorado I, 459 U.S. at 187. 

Relying exclusively on footnote 13 from Colorado I, Florida argues that the downstream 

state need only prove injury and causation, and then the burden shifts to the upstream state to 

prove that its use is equitable and that a remedy is not justified.2  That misreads the law.  

Colorado I and Colorado II do not distinguish between upstream and downstream states for 

burden purposes.  To the contrary, those cases placed the burden of proof on the state seeking to 

disrupt the status quo.  Colorado I made clear that the state seeking to change the status quo must 

“demonstrate[] by clear and convincing evidence that the benefits of the diversion substantially 

outweigh the harm that might result.”  459 U.S. at 187.  And Colorado II reiterated the “long-

held view” that the “proposed diverter” bears the burden of proof on most issues in equitable 

apportionment cases.  467 U.S. at 316.  Colorado thus bore the burden of proof not because it 

was the “upstream state,” as Florida claims, but because it was the state seeking to disrupt the 

status quo with a new diversion.  Colorado I, 459 U.S. at 177.  Florida’s burden-shifting theory 

is also inconsistent with other equitable apportionment cases.  The Supreme Court has long 

required states seeking to change the status quo to prove both inequitable upstream use and that a 

proposed remedy will redress its harms.  See Kansas v. Colorado, 206 U.S. 46, 117 (1907); 

Idaho, 462 U.S at 1028; Washington v. Oregon, 297 U.S. 517, 522 (1936). 
                                                 
2 See Fla. Resp to Ga. Mot. for Extension of Expert Discovery Deadlines at 2-3 (Mar. 15, 2016). 
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II. Florida Cannot Show Clear And Convincing Evidence Of Substantial Injury 
Caused By Georgia’s Water.  

The first two elements of the equitable-apportionment analysis can be addressed together: 

Unless Florida can prove by clear and convincing evidence that it is suffering substantial injury, 

and that its injury is caused by Georgia’s water use, Florida is not entitled to an equitable 

apportionment.  Idaho, 462 U.S. at 1029 (denying relief because “Idaho ha[d] not carried its 

burden of demonstrating a substantial likelihood of injury”); Washington, 297 U.S. at 544 

(denying relief because “[i]f any wrong has been done, it is unsubstantial and uncertain”); 

Connecticut, 282 U.S. at 667-69 (denying Connecticut’s request to cap Massachusetts’ proposed 

withdrawals because Connecticut had not established injury or causation); Pennsylvania v. New 

Jersey, 426 U.S. 660, 663 (1976) (per curiam) (“[A] plaintiff State must first demonstrate that 

the injury for which it seeks redress was directly caused by the actions of another State”). 

Florida has no evidence of economic harm in this case.3  There is no evidence, for 

example, that Florida has been deprived of water for municipal or industrial purposes, or that it 

has been left with insufficient water for agricultural irrigation.  Nor is there any evidence that 

any local economy in Florida is being harmed.  Instead, Florida relies on a series of speculative 

ecological harms to try to meet the injury requirement.  Discovery has shown, however, that 

those arguments have no merit and that Florida has failed to carry its burden on injury. 

A. Georgia’s Water Use Did Not Cause Florida’s Oyster Fishery Collapse. 

Florida began this case by alleging that it suffered “real and substantial injury” because 

Georgia’s upstream water use caused the oyster fishery in the Apalachicola Bay to collapse in 

2012.  See Compl. ¶¶ 6, 43, 54, 56.   This allegation has itself collapsed in discovery, principally 

on the basis of scientific study and analysis conducted by University of Florida experts.  

                                                 
3 See, e.g., Sunding Tr. 16:22-17:2; Phaneuf Tr. 25:14-22. 
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Although the Florida legal team attempted to derail these experts’ research, the University of 

Florida put science ahead of politics and published its findings.  And those findings foreclose 

Florida’s attempts to attribute the 2012 oyster collapse to Georgia’s water use.     

These studies began when Florida Governor Rick Scott requested research on the cause 

of the 2012 collapse.4  Professor Karl Havens, an ecological biologist at the University of 

Florida, assembled a team of experts that came to include oyster biologist and marine fisheries 

expert, Dr. William Pine, also of the University of Florida.  After more than two years and 

thousands of hours of research, Dr. Pine just last year published a peer-reviewed journal article 

entitled “The Curious Case of the Eastern Oyster,” which remains the definitive analysis 

concerning the subject of the 2012 Apalachicola Bay oyster collapse.  Dr. Pine and his 

colleagues reached the following unambiguous conclusion: 

We did not find correlations between Apalachicola River discharge measures  ...  
and our estimated relative natural mortality rate ...  or oyster recruitment rates[.]  
The overall relationships between freshwater flows, drought frequency and 
severity, oyster recruitment, and harvest dynamics remain unclear, and this is an 
area of ongoing work.5 

When asked under oath whether he had seen evidence to support Florida’s allegation that 

“[r]educed freshwater inflows ...  precipitated a collapse of the Apalachicola Bay oyster fishery,” 

Compl. ¶ 54, Dr. Pine unflinchingly testified: “No.”6  He also testified that there was no “clear” 

or “convincing” evidence “of a connection between Apalachicola River flows and oyster 

mortality.”7  Dr. Havens similarly testified that his team “never found any quantitative linkage 

between flow from the [Apalachicola] river and the crash with the oysters.”8  

                                                 
4 Ex. 1 at UFL_0053544 (12/3/2012 Email from Pine to Havens); Havens Tr. 86:6-14.  
5 Ex. 2 at p.4 (Pine, Curious Case article) (emphasis added). 
6 Pine Tr. 308:8-19.  
7 Pine Tr. 291:14–25. 
8 Havens Tr. 175:18-21.   
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 Florida’s lawyers in this case understood how devastating these findings were for this 

case.  As Dr. Pine put it: “I was told by my FWC colleague that the attorneys thought the papers 

should be withdrawn, and if they were published...they could ‘make things difficult for me.’”9  

Florida’s legal team was “not happy” with Pine’s findings.10  Dr. Pine was told there was 

concern that his papers “may be disadvantageous to Florida’s legal position in the current 

litigation.”11  And, as he reported contemporaneously, “[a]t issue is the perception that the work 

I’ve led undermines the State of Florida’s assertion in the ongoing lawsuit that the Apalachicola 

oyster collapse was caused by water policy in Georgia.”12  Dr. Havens likewise recognized that 

“[r]esults from some of the [Sea Grant] funded research strongly supports the Georgia case.”13  

Florida’s lawyers threatened Pine with retaliation precisely because he had found that Florida 

“can’t figure out what caused the collapse because the evidence isn’t clear.”14  This led Pine to 

hire his own attorney to protect his academic independence and represent him in any further 

dealings with Florida state officials and members of Florida’s legal team.15  This is the opposite 

of “clear and convincing” evidence that Georgia’s water use caused the oyster collapse.  Science, 

not threats and suppression of facts, should prevail, and here the science found no connection 

between river flow and the health of Apalachicola oysters. 

The truth is that Florida’s own mismanagement of its oyster fishery had a devastating 

impact on Apalachicola Bay oyster populations.  In September 2012, Governor Scott wrote a 

letter to the Federal Government seeking federal aid to deal with the oyster situation.  Although 

                                                 
9 Ex. 3 at UFL_00214273 (12/20/2014 Pine email). 
10  Id.  
11 Pine. Tr. 363:13-20; Ex. 3 at UFL_00214273 (12/20/2014 Pine email).  
12 Ex. 3 at UFL_00214273 (12/20/2014 Pine email). 
13 Ex. 4 at UFL_00251508 (2/9/2015 Havens email). 
14 Ex. 3 at UFL_00214273 (12/20/2014 Pine email). 
15 Id.  
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he did point to the (later-disproved) theory of low flows from the Apalachicola River as one 

potential cause, Governor Scott also admitted that 

[h]arvesting pressures and practices were altered to increase fishing effort, as 
measured in reported trips, due to the closure of oyster harvesting in contiguous 
states during 2010.  This led to overharvesting of illegal and sub-legal oysters 
further damaging an already stressed population.16  

This pressure to fish was driven by fear that oil from the Deepwater Horizon oil spill might reach 

the Bay and harm the oyster habitat.17  Not long after the Governor’s letter, Florida realized that 

blaming its own conduct could jeopardize its ability to secure federal disaster aid.18  Florida 

hastily drafted a report that blamed the collapse on Georgia’s upstream water use.  It then 

submitted that report in an attempt to obtain a federal disaster declaration.19    

But Florida cannot avoid plain facts.  In the two years immediately prior to the collapse, 

oystermen fished at unprecedented and unsustainable levels with regulatory requirements and 

fishing restrictions eased by the State to encourage it.20  Florida also tolerated the removal of 

“sublegal” oysters, which deprived the Bay of the less mature oysters that are necessary to 

sustain the population.21  As a report issued by the Florida agency charged with monitoring 

oysters found:  

The practice of harvesting sub-legal oysters appears to be an extension of a ‘use it 
or lose it’ attitude that prevailed during the fall and winter of 2010. … 
Throughout the period when oil posed an unpredictable threat to the oyster 

                                                 
16 Ex. 5 at FL-ACF-02425652 (9/6/2012 Gov. Scott disaster request).  
17Ex. 6 at FL_SEA_GRANT_40074-75 (FDACS Oyster Resource Assessment Report); Parrish Tr. 110:15-111:1 
(stating that the “general consensus” was to harvest the resource in case the oil spill impacted the bay). 
18 Ex. 7 at FL-ACF-02016441 (4/23/2013 Heil email) (NOAA employee flagging over-harvesting concerns 
associated with Florida’s disaster application); Ex. 8 at FL-ACF-01936043 (NOAA official’s “initial conclusion was 
overharvesting”); Ex. 9 at FL-ACF-BERRIGAN-0000198 (4/29/2013 Estes email) (conversation with NOAA 
official flagging lack of intervention by Florida management and over-fishing concerns). 
19 Ex. 10 at FL-ACF-03475196 (Florida Gulf Coast Oyster Disaster Report). 
20 Ex. 11 (Order No. EO 10-19) (summer oyster bars opened ten days early); Ex. 12 (Order No. EO 10-25) 
(increased from five to six days); Ex. 13 (Order No. 10-32) (increased from six to seven days; opens winter bars two 
months early); Ex. 14 at FL-ACF-04088387 (6/17/2010 Press Release).  
21 Ex. 15 at UFL_00233421(2012 Oyster Resource Assessment Report). 
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fishery, less effort was directed toward enforcing size limits, perhaps, yielding to 
the view that it would be more beneficial to harvest the available resource.22   

Even as the oyster population declined due to intense fishing, Florida refused to close the Bay to 

allow the oyster population to recover.23  As Dr. Havens wrote, “the [Fish and Wildlife 

Commission] won’t close the bay to harvesting despite evidence that the bay’s population of 

oysters is almost 100% depleted.”24  All of this fishing had a devastating impact.  As Florida’s 

own contemporaneous agency reports found, “the overall condition of many reefs has declined 

substantially over the past two years as a result of continuous harvesting from Cat Point and East 

Hole Bars, concentrated and intensive harvesting by the majority of the fishing fleet, and the 

excessive harvesting of sub-legal oysters.”25   

Florida also failed to take critically needed steps to restore the oyster reefs that its own 

policies had so badly damaged.  Florida officials admit that a process called “re-shelling” is the 

single most effective method of restoring the oyster resource.26  Yet re-shelling efforts in the 

years immediately prior to the collapse decreased to a mere fraction of historical levels, and 

today Florida no longer independently funds them.27  Notwithstanding the recommendation of 

Drs. Pine and Havens that Florida aggressively resume re-shelling,28 Florida has not undertaken 

meaningful re-shelling efforts or other efforts to restore the oyster habitat.29 

                                                 
22 Id. at UFL_00233421 (emphasis added); see also Berrigan Tr. 151:2-14 (Florida’s enforcement of legal size 
oyster rules was “lax” after the oil spill). 
23 Lipcius Tr. 310:10-311:11; Ex. 16 at 25-31 (Lipcius Rep.). 
24 Ex. 17 at UFL_00248654 (9/2/2014 Havens email). 
25 Ex. 15 at UFL00233420 (2012 Oyster Resource Assessment Report). 
26 See, e.g., Berrigan Tr. 76:5-77:14; 78:25-79:5 (“Restoring habitat [through re-shelling] is an important aspect in 
restoring reef functionality.”); 81:25-82:5 (Re-shelling is the “most cost effective way” to protect oyster resources). 
27 Lipcius Tr. 322:17-324:5; Berrigan Tr. 107:3-111:8 (describing difficulties in securing money for re-shelling).   
28 Ex. 18 at FL_SEA-GRANT_41141(2013 Oyster Situation Report); Ex. 2 at p.4 (Pine, Curious Case article).  
29 Lipcius Tr. 322:17-324:5; Berrigan Tr. 107:3-111:8 (describing difficulties in securing money for re-shelling 
activities from the state legislature during his tenure); Ex. 19 (Oyster_Cultch_time_Series.xlsx); Hartsfield Tr. 
123:6-124:12 (noting that as of August 2013, only 2% of areas that needed re-shelling had been re-shelled). 
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B. Georgia Has Not Caused Substantial Injury To The Apalachicola River. 

Florida also attempts to prove “real and substantial injury” by arguing that Georgia’s 

upstream water use has caused harm to various species in the Apalachicola River and its 

connected floodplain.  Florida’s river ecology expert, Dr. David Allan, concedes that he did not 

study most species in the river.30  Instead, he focused primarily on mussels, Gulf sturgeon and 

other riverine fish, and Tupelo trees.  The evidence shows, however, that the federal dam at the 

state line and river dredging are largely to blame for any changes to the ecology of the river and 

that populations for the species Dr. Allen studied are stable or increasing. 

Impact of Federal Dam & Dredging.  Through its operation of dams and reservoirs, the 

Corps often provides Florida with more water than it would otherwise receive during dry months 

or times of drought.  But as scientists from federal agencies and the State of Florida have 

repeatedly concluded, the construction of Woodruff Dam by the Corps has also been the single 

biggest cause of ecological change to the Apalachicola River.  The United States Geological 

Survey (“USGS”) published a paper in 2006 that expressly found that “water-level decline 

caused by channel change is probably the most serious anthropogenic impact that has occurred 

so far in the Apalachicola River and floodplain.”31  That “channel change” is the result of the 

Corps’ construction of Jim Woodruff Dam and navigation dredging in the Apalachicola River—

not Georgia’s water use.  As Florida’s witness on riverine injury testified: “[w]herever you have 

a dam…the dam impedes sediment flow down the river.  The river is hungry, and as a result, it 

will scour any material below a dam.  And as it scours, it will lower the bed of the river.”32  That 

same witness acknowledged just what USGS found:  “[t]he entrenchment right below the dam 

                                                 
30 Allan Tr. 216:12-262:5 (no study of birds, amphibians, reptiles, or mammals).   
31 Ex. 20 at 1 (Light, et al., Water Level Decline article) 
32 Hoehn 30(b)(6) Tr. 89:23-90:8.   
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has had an impact on species.”33  And Matthias Kondolf, one of Florida’s retained experts, wrote 

a paper in 2009 that concluded that “the Apalachicola River ecosystem has been severely 

degraded through a long history of navigational dredging by the U.S. Army Corps of 

Engineers.”34  Dr. Kondolf also opined that Corps “activities have destabilized and widened the 

river channel; reduced the river's hydraulic complexity and habitat diversity; smothered and 

displaced habitat in the river's rich sloughs, floodplains, and channel margins; and altered the 

river's flow regimes.”35  These are the conclusions of Florida’s own scientists and experts. 

Mussels.  Florida has historically claimed harm to three endangered species of mussels in 

the Apalachicola River: the fat threeridge, the purple bankclimber, and the chipola slabshell.  

The United States Fish & Wildlife Service (“USFWS”)—the federal agency charged specifically 

to monitor and protect those species—has repeatedly found that the flow levels established by 

the Corps are sufficient to protect those species and their habitat.  In fact, though Dr. Allan, 

claims the fat threeridge is somehow in peril, USFWS estimates that there are now between 6 

and 18.6 million fat threeridge living in ten times the suitable habitat previously believed to 

exist.36  That population is thriving, not failing, and the Government has begun the process of de-

listing the fat threeridge from the endangered species list.37 

Nor are the Chipola slabshell or purple bankclimber impacted by Georgia’s upstream 

consumption.  The USFWS found as much in its 2012 and 2016 biological opinions, and 

                                                 
33 Id. at 91:12-13.    
34 Ex. 21 at FL-ACF-03388635 (6/9/2009 Hoehn email); Kondolf Tr. 64:20-65:18. 
35 Ex. 21 at FL-ACF-03388635.; Kondolf Tr. 69:12-70:15; 72:5-73:20. 
36 Ex. 22 at 124 (2016 USFWS Biological Opinion); see also Ex. 23 at USFWS0043974 (Smit, Using Sonar article) 
(estimating number of fat threeridge mussels in Apalachicola River at more than 8 million as of August 2013); Ex. 
24 at USFWS0088935 (2/3/2015 Zettle email)) (FWS is “moving forward with the reclassification” of the fat 
threeridge mussel as of February 2015.). 
37 Hoehn Tr. 149-50; Ex. 23 (Smit, Using Sonar article); Ex. 25 (6/7/2013 Information Memorandum); Ex. 26 
(6/10/2013 Information Memorandum); Ex. 27 (7/30/2013 Kaeser email); Ex. 28 (FDEP 2013 Coordination Act 
Report); see also Ex. 29 at 2-199 (2015 Draft EIS for Water Control Updates) (“Ongoing studies by the USFWS in 
the Apalachicola River suggest that previous estimates likely underestimated the population of fat threeridge in the 
middle river reaches.”). 
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Florida’s expert admitted that he cannot claim Georgia harmed either species.  Like the USFWS 

found, Dr. Allan conceded that “the Chipola slabshell is not thought to be vulnerable to water-

level changes.”38  He also admitted that the purple bankclimber only lives in stretches of the 

river that have been dramatically altered by Corps activities and therefore any harm to that 

species cannot be tied to Georgia.39  And with regard to habitat for all three species, USFWS 

found in 2012 and again in a report released just last week that the Corps’ reservoir operations 

and current flow levels “will not destroy or adversely modify designated critical habitat” for 

those species.40 

In fact, Florida has admitted it has no evidence of population decline caused by Georgia 

for any mussel species.  As Dr. Allan testified: “I did not do any population studies on these 

three species.”41  Florida cannot possibly claim clear and convincing evidence of harm to 

mussels where Florida has developed no evidence of population level declines of any mussel 

species (and, in fact, where at least one species has made a robust recovery); where the evidence 

shows the mussels are unaffected by Georgia; and where the USFWS has repeatedly concluded 

that water flows in the Basin are sufficient to maintain these species. 

Gulf Sturgeon.  Florida officials acknowledge that any harm to historic sturgeon 

populations is the result of the construction of Woodruff Dam by the Federal Government, not of 

Georgia’s water use.  The dam prevents sturgeon from accessing historic spawning areas in 

Georgia, and it will continue to do so regardless of how much water Georgia uses or does not 

                                                 
38 See Allan Tr. 418:6-19.   
39 See id. at 402:19-25 (“My analysis did not pursue the issue of harm to the purple bankclimber.”). 
40 Ex. 30 at ii (2012 USFWS Biological Opinion) (finding all three endangered species stable or increasing under 
Revised Interim Operating Plan over objection by Florida); see also Ex. 22 at 187-89 (2016 USFWS Biological 
Opinion). 
41 Allan Tr. 423:9-13. 
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use.42  Other witnesses in this case agree.43  Florida also has no evidence that Gulf sturgeon 

populations have declined in recent years.44  In fact, population estimates by USFWS in 2012 

found that Gulf sturgeon populations are stable or gradually increasing,45 and in the report 

released last week USFWS reaffirmed that the population is “stable.”46  Dr. Allan, for his part, 

testified that he could not offer an opinion on whether the sturgeon population is “increasing, 

declining or remaining stable”—not exactly clear and convincing evidence of harm.47 

Tupelo Trees.  Florida has also claimed a diminution in Tupelo tree populations.  But that 

species also has been impacted by the channel changes to the river caused by Woodruff Dam and 

dredging activities of the Corps.  By deepening the river channel, those activities led to lower 

water levels and less inundation even at the same level of flow coming from Georgia.48  As the 

USGS has recognized, “[a]s a consequence of this decreased inundation, the quantity and quality 

of floodplain habitats for fish, mussels, and other aquatic organisms have declined, and wetland 

forests of the floodplain are changing in response to drier conditions.”49 

C. Florida Cannot Prove Ecological Harm To Apalachicola Bay.   

Florida’s argument that the ecology of the Apalachicola Bay as a whole is at a “tipping 

point,” is not based on real-world evidence, let alone the clear and convincing sort, and relies on 

an attenuated causal chain through the entire food web that cannot possibly be sustained.  See 

                                                 
42 Ex. 31 at FL-ACF-03393541 (5/32/2013 Hoehn email) (“The [Jim Woodruff Dam] also resulted in reduced access 
to historically important upstream spawning habitat. . . .  Important species most affected include the federally listed 
Gulf Sturgeon[.]”); Leitman. Tr. 120:5-121:6 (the “population of Gulf sturgeon has declined significantly since Jim 
Woodruff Dam was constructed, . . . the construction of the dam limited the potential spawning habitat for the 
sturgeon”). 
43 Weller Tr. 54:3-6; Leitman Tr. 120:5-24.    
44 Allan Tr. 193:24-194:12; 515 (admitting no information about change in population of Gulf Sturgeon).   
45 Ex. 32 at 3 (USFWS and NMFS, 2009 Gulf Sturgeon 5-Year Review). 
46 Ex. 22 at 103 (2016 USFWS Biological Opinion). 
47 Allan Tr.194:11-12. 
48 Ex. 21 at FL-ACF-03388635 (6/9/2009 Hoehn email); Ex. 20 at 1 (Light, et al., Water Level Decline article).  
49 Ex. 20 at 1 (Light, et al., Water Level Decline article).  
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Aransas Project v. Shaw, 775 F.3d 641, 656 (5th Cir. 2014) (rejecting similar argument under 

Endangered Species Act on proximate causation grounds). 

To begin, there is no evidence of harm to so-called “primary producers”—the 

phytoplankton and other organisms that make up the lowest level of the food chain.50  Aquatic 

vegetation has recovered in the Bay since being devastated by Hurricane Dennis in 2005, and the 

community structure of plants and animals in the Bay remains strong and dynamic.51  Florida’s 

expert on these microscopic organisms admitted that she had “no information or data that food 

availability in the Bay is impaired” or “negatively impacted” for white shrimp, blue crab, or any 

fish species52; and that she had “not done any analysis that would permit [her] to identify 

minimal flows in the Apalachicola Bay that would be required for the ecosystem not to be 

harmed or in peril,”53 rendering the rest of her opinion pure speculation. 

Florida also has no evidence of harm to organisms at higher levels of the food chain, such 

as fish in the Apalachicola Bay.  Florida’s expert on these organisms—Dr. Jenkins—had 

exceptional difficulty testifying as to which organisms in the Bay had been harmed.54  He also 

testified that he could not “point to a decline in the number of freshwater species among the 12 

most abundant species in the bay, from the 1970s to the 2000s.”55  In light of this and similar 

testimony, Florida dropped Dr. Jenkins from its witness list.  Florida’s other ecology expert, Dr. 

Glibert, testified that she had “no data or information indicating any fish species in the 

Apalachicola Bay has been negatively impacted by impaired food availability,” because her 

                                                 
50 See Ex. 33 at 61-63 (Menzie Rep.).   
51 Id. at 114.   
52 Glibert Tr. 73:13-18; 73:19-74:2, 75:2-8; 76:17-77:1. 
53 Id. at 107:16-22. 
54 Jenkins Tr. 65:18-69:11. 
55 Id. at 443.   
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“analyses did not go into specific fish species.”56  With Dr. Jenkins out of the case, Florida has 

no testimony on harm to the fish populations of Apalachicola Bay. 

In contrast to this complete lack of evidence about harm to the Bay, Georgia’s ecology 

expert, Dr. Charles Menzie, demonstrated that there is simply no evidence that the Bay is 

suffering severe ecological harm, much less that it has reached any kind of “tipping point.”  And 

Georgia’s oyster ecology and marine fisheries expert, Dr. Romuald Lipcius, showed that 

shellfish in the Bay, such as shrimp and blue crab, have not suffered population declines.57  Even 

Dr. Glibert, who is the leading proponent of Florida’s misguided “tipping point” theory, admits 

that “estuaries are dynamic systems,”58 that “ecosystems can come back from ‘tipping points,’”59 

and most tellingly, that even if a “tipping point” had been reached in 2011-2012, recent flow data 

“is consistent with a trajectory of recovery.”60 Moreover, she admitted that she could not 

“identify any period, prior to 2011 and 2012, when the Apalachicola Bay estuary did not recover 

from ecological stress to the estuary.”61   

D. Florida Cannot Create New Legal Definitions Of “Harm” To Compensate 
For Its Failure to Develop “Clear And Convincing” Evidence. 

Realizing it cannot demonstrate clear and convincing evidence of substantial injury 

caused by Georgia, Florida has attempted to define “harm” so broadly that it includes virtually 

any change to any species for any reason.  Florida believes it has suffered injury “if the species 

has had anything ranging from death to a disruption of anything regarding its life cycle.”62  Thus, 

Florida would have this Court define “injury” for equitable apportionment purposes as 

constituting disruption to any portion of a species’ “life cycle” or any action that “disrupt[s] 
                                                 
56 Glibert Tr. 76.   
57 Ex. 16 at 65-66 (Lipcius Rep.). 
58 Glibert Tr. 288:13-18. 
59 Id. at 285:12-286:12. 
60 Id. at 706:8-706:22; 707:1-708:4. 
61 Id. at 307:16-308:10. 
62 Hoehn 30(b)(6) Tr. 60:18-24.   
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some part of their needs.”63  For example, one of Florida’s experts defined harm as the 

“reduction of access to optimal feeding habitat,”64 though he refused to say how far below 

“optimal” will actually cause a species to suffer harm.65   And that exposure to sub-optimal 

feeding habitat, according to Florida, need not even result in the death of a single organism in 

order to constitute harm. 

Florida’s definition of harm is indefensible.  This Court has never found that mere 

“disruption” in the life cycles of species—without any evidence of an actual or imminent decline 

in population—is sufficient to justify the extraordinary remedy of equitable apportionment.  To 

the contrary, this Court will intervene in a dispute between states only when the injury is shown 

to be “of serious magnitude.”  Kansas, 320 U.S. at 393.  That demanding standard requires, at 

the very least, that Florida prove some actual decline in the species with respect to which it 

alleges injury.  Activities that do not reduce the population of a species, but instead may (or may 

not) “disrupt” its lifecycle, are not the “hard facts” showing injury this Court demands and are 

thus not cognizable injuries in equitable apportionment actions.  Colorado II, 467 U.S. at 320-21. 

E. Florida Cannot Show By Clear And Convincing Evidence That Georgia’s 
Water Consumption Is Decreasing Flows At The State Line. 

Finally, even if Florida could clear the injury and causation hurdles (and it cannot), 

Florida’s claims would fail at yet another level of the causal chain:  Florida does not have clear 

and convincing evidence that Georgia’s consumptive water use has materially reduced the 

volume of water flowing from Georgia into Florida.  This is primarily because the Corps largely 

controls the amount and timing of flow entering the Apalachicola River at all times of the year 

through its operation of a complex system of dams and reservoirs in the Basin.  No water enters 

                                                 
63 Id. at 62:10-11; see also id. 63:3-4 (a species is harmed “if any parts of [its] life cycle[] are disrupted”).   
64 Allan Tr. 509:20-21. 
65 See id. at 511:5-9. 
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the Apalachicola River from either the Chattahoochee or Flint River without passing through the 

Corps’ facilities, including Woodruff Dam located at the Florida-Georgia border.66  The federal 

reservoir system offsets natural variability in streamflow in the ACF Basin, which the Corps 

does by storing water in the reservoirs during high-flow conditions and releasing water to 

“augment” flows during dry times.  This has the effect of “smoothing out” the impact of flow 

variability, including that resulting from upstream water use, which renders the link between 

Georgia’s water use and state-line flow tenuous. 

At the outset, experts on both sides agree that, for the vast majority of months in the vast 

majority of years, Georgia’s consumptive water use has only a de minimis impact on streamflows 

in the ACF Basin.67  Since 1980, Georgia’s total annual water use in the Basin has reduced 

streamflows in Georgia by less than 1,000 cfs per year.68  By comparison, that is less than 5% of 

the average annual flow entering the Apalachicola River.69  Georgia’s water use also has no 

material impact on state-line flows if the analysis is limited to May to September, the months in 

which flows are typically at their lowest.  In those months, since 1994, total streamflow 

reductions caused by Georgia’s consumptive water use averaged approximately 1,170 cfs, or the 

equivalent of less than 10% of streamflow in the Apalachicola River during that period 

(approximately 15,000 cfs).70  Thus, even when water is generally in its greatest demand and 

flows are at their lowest, Georgia’s water use represents a relatively small percentage as 

compared to state-line flow.  An overwhelming majority of water remains available for Florida. 

                                                 
66 Ex. 34 (USACE Scoping Report). 
67 Sunding Tr. 281:6-9 (“Virtually all of the discussions that I have had with other Florida experts have focused on 
dry years. I just haven't heard any issues raised about average or wet year problems.”) Dr. Allan, Florida’s 
ecological expert assumes no flow-related harms occur in the riverine ecosystem during the months of October 
through February. Ex. 35 at 132 (Allan Rep.).  
68 Ex. 36 at 3-4, 36-37 (Bedient Def. Rep.); Ex. 37 (20160223-ACF-GA-total-consumptive-monthly.xlsx); Ex. 38 
(USGS Groundwater and Surface Water Data). 
69 Ex. 36 at 3-4. 
70 Id. at 4, 37-38 (Bedient Def. Rep.); Ex. 37 (20160223-ACF-GA-total-consumptive-monthly.xlsx); Ex. 38 (USGS 
Groundwater and Surface Water Data).   
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Not only does Georgia consume only a limited amount of water in the rivers in Georgia, 

the fact that the reservoirs redistribute water throughout the ACF Basin has the effect of 

minimizing the impact of Georgia’s consumptive use.  During seasonal low-flow and drought 

periods, the Corps strategically releases water from federal reservoirs to guarantee a minimum 

flow to Florida.  Indeed, during drought periods, actual flows at the state line are often 

significantly higher than they would be in the absence of Corps operations.  Most relevant here, 

during times of drought, the Corps guarantees flows of at least 5,000 cfs into the Apalachicola 

River (except in very narrow circumstances when it can be lowered to 4,500 cfs).71  As a result, 

Georgia’s consumptive use often has no direct effect on flows entering the Apalachicola River, 

especially during low-flow and drought periods when Florida purports to need water the most.72   

To the extent Florida asserts it is receiving less water than it did historically, the evidence 

shows that such decreases are largely due to an increase in the severity and frequency of natural 

droughts.  The past 15 years of record have seen several severe, multi-year droughts, including 

droughts in 1999-2001, 2006-2008, and 2010-2012.73  Indeed, according to NOAA, the 24-

month period from December 2010 to November 2012 was the driest 24-month period ever 

recorded for the State of Georgia, and drought conditions for those years were acutely focused on 

the southwest corner of the State.74  Georgia’s expert hydrologist has found a clear, direct 

relationship between precipitation and streamflow in the ACF Basin.75  In fact, Florida’s own 

hydrology expert, Dr. George Hornberger, concluded that flow declines within Florida were 

attributable to “natural climate variations” resulting from “the dry period in the last roughly 15 
                                                 
71 Ex. 29 at ES-11 to ES-12 (2015 Draft EIS for Water Control Updates) (explaining that during “drought 
operations,” “the minimum release from Jim Woodruff Lock and Dam is 5,000 cfs [and] any basin inflow above 
5,000 cfs may be stored”); see also id. at 2-70 to 2-73 (describing RIOP operations); Ex. 39 at 17-23 (Bedient Rep.). 
72 Ex. 36 at 37-38 (Bedient Def. Rep.).  
73 Ex. 40 (US Drought Monitor data). 
74 Ex. 41 (NOAA Drought Annual 2012). 
75 Ex. 36 at 72-76 (Bedient Def. Rep.) (finding a relationship after analyzing over 80 years of precipitation and 
streamflow data).  
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years.”76  The evidence thus shows that any lower streamflows into Florida are the result of these 

multi-year droughts, not Georgia’s consumptive use.77 

There is also some irony in Florida’s attempts to blame Georgia for reductions in 

streamflow.  The evidence will show that over the past several decades a material amount of 

Apalachicola River water has been lost entirely within Florida’s borders.  Since 1978, Florida’s 

contribution of flows to the Apalachicola River has declined from approximately 5,000-6,000 cfs 

to approximately 1,000-2,000 cfs.78  Florida does not contest this long-term decline.79  And as 

Florida’s percentage “share” of water contributed to the Apalachicola River has been shrinking 

over time, Georgia’s “share” has been increasing.80  In a very real sense, Florida is asking 

Georgia to make up for water that Florida has lost in the last 40 years. 

III. Florida Cannot Show Clear And Convincing Evidence That Georgia’s Water Use Is 
Inequitable. 

Beyond proving injury and causation, Florida must also prove that Georgia’s upstream 

water use is inequitable, which it cannot do.  The Court will closely evaluate the nature and value 

of Georgia’s uses, and can “decline[] to grant any relief … on the ground that the great benefit to 

[the upstream state] outweigh[s] the detriment to [the downstream state].”  Colorado I, 459 U.S. 

at 186; Kansas, 206 U.S. at 117 (denying relief notwithstanding “perceptible injury” where 

upstream use “transform[ed] thousands of acres into fertile fields”); Washington, 297 U.S. at 523 

(denying relief where remedy would injure upstream state with no benefit to downstream state).  

The evidence shows that Georgia uses water in the ACF Basin for highly beneficial purposes, 

                                                 
76 Hornberger Tr. 573:3-8; Ex. 42 at 18-19 (Hornberger Def. Rep.).   
77 Ex. 36 at 74-76 (Bedient Def. Rep.).  
78 Id. at 76-77.   
79 Fla. Reply in Support of Mot. in Limine to Preclude Expert Testimony of Dr. Bedient and Dr. Panday on “Lost 
Water” at 3-4 (Oct. 7, 2016). 
80 Ex. 36 at 78-79 (Bedient Def. Rep.). 



  

  21 

supporting millions of people and billions in economic output. At the same time, Georgia has 

been a conscientious and effective steward of water resources. 

A. Georgia’s Water Consumption Is Plainly Equitable. 

There can be no dispute that Georgia uses ACF waters for highly beneficial purposes.  

ACF waters are the principal municipal and industrial water supply for the Atlanta Metropolitan 

Area, the ninth largest metropolitan area in the United States.81  Approximately 5.1 million 

citizens in Georgia rely on the ACF Basin for their daily water supply, including drinking, 

cooking, cleaning, and other everyday uses.82  As this Court has noted, “[d]rinking and other 

domestic purposes are the highest uses of water[,]” and “[a]n ample supply of wholesome water 

is essential.”  Connecticut, 282 U.S. at 673.  ACF Georgia is also home to many industries and 

businesses for which water is a key input, including manufacturing industries such as poultry 

processing and aircraft manufacturing, and green industries such as greenhouse production, 

landscaping, and horticultural services.  Together, those industries contribute nearly $13.5 billion 

to total Gross Regional Product (GRP) and employ nearly 50,000 people.83   

ACF waters are also the driving force behind Georgia’s agricultural industry, which is 

one of the largest and most productive in the Nation.  In 2013 alone, agricultural revenues in 

ACF Georgia from three key row crops (corn, cotton, and peanuts) were over $1 billion, and 

total agricultural revenues for the region exceeded $4 billion.84  ACF Georgia accounts for over 

25% of all peanut acreage nationwide, and grows nearly half of all cotton in the State, which is 

the nation’s second largest cotton producer.  Within the ACF Basin, substantial economic 

                                                 
81Ex. 49 at GA02451835 (Georgia’s Comments on Water Control Manual Update).  
82 Ex. 44 at Att. A, p.2 (4/29/2016 Metro District Memo); Ex. 45 at 16 (Mayer Rep.). 
83 Ex. 43 at 28-29 (Stavins Rep.). 
84 Id. at 30.   
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activity also depends on output from the agricultural sector, contributing an additional $687 

million per year to GRP.85   

Farmers must irrigate to ensure the viability of their crops and provide the agricultural 

commodities on which the State and our nation depend.  Without irrigation, farmers lack a 

reliable source of water for their crops, particularly during dry periods.  Even Florida’s 

agricultural irrigation expert agreed that “farmers using dryland farming are at an increased risk 

of low yields” and “face an increased risk of crop failure compared to farmers who irrigate.”86  

Another of Florida’s experts explained that crop yield “is extremely responsive to supplemental 

irrigation”87 and without irrigation, “complete crop failure” was possible.88  Crop yield data 

bears this out:  without irrigation, Georgia’s farmers would produce 51 percent smaller peanut 

yields, 78 percent lower cotton yields, and 93 percent lower corn yields during dry years.89  Even 

during normal years, both Georgia and Florida experts agree that yields from irrigated fields are 

significantly greater than yields from non-irrigated fields for all major row crops.90  

In comparison to the highly beneficial purposes to which Georgia puts the waters in the 

ACF Basin, Florida’s uses are relatively minor.  In 2014, the permanent population of the Florida 

portion of the ACF basin was less than 3% of the total population of the Basin, and ACF Florida 

accounts for less than 1% of the economic activity in the basin.91  Florida has relatively little 

agricultural activity in the ACF Basin.92  And there is no large metropolitan area in ACF Florida 

                                                 
85 Ex. 44 at Att. 2 (4/29/2016 Metro District Memo); Ex. 43 at 30-32 (Stavins Rep.). 
86 Bottcher Tr. 81:8-18.  
87 Hoogenboom Tr. 89:20-23. 
88 Id. at 117:20-118:1. 
89 Ex. 43 at 33 (Stavins Rep.) at 33.   
90 Ex. 46 at 16-17 (Irmak Rep.); Ex. 47 at 10 (peanuts), 18-19 (corn), 27-28 (cotton), 36-37 (soybean) (Hoogenboom 
Rep.). 
91 Ex. 43 at 22 (Stavins Rep.).   
92 Barr Tr. 254:13-15.  
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that must be supported.  Even the oyster industry Florida seeks to protect generates only between 

$5-8 million in revenue per year.93 

In light of Georgia’s highly beneficial uses, and Florida’s comparatively minor uses, 

Georgia’s consumptive water use is exceedingly reasonable.  ACF Georgia is home to 98% of 

the population in the ACF Basin, has 99% of the economic activity in the ACF Basin, 5 times the 

land area of ACF Florida, 80 times more employees than ACF Florida, 56 times the population 

than in ACF Florida, and a GRP that is 129 times larger than ACF Florida.94  Yet, Georgia 

consumes only a small fraction of the water available in the ACF system, and the vast majority 

of water flows through to Florida.  

What is more, there is no indication that Georgia’s water use will substantially increase in 

the near future.  Georgia’s projected water supply needs for the entire ACF Basin through 2040 

would amount to an increase in Georgia’s water use of only 62 cfs.95  The resulting decrease of 

streamflow at the state line during low-flow periods resulting from that increase would often be 0 

cfs, as a result of the Corp’s regulation of water in the Basin.96  Florida’s asserted fears of “ever-

increasing” water use by Georgia are therefore unfounded. 

B. Georgia Has Made Substantial Efforts To Conserve Water For Municipal 
And Industrial Purposes. 

Florida has struggled to make a case against Atlanta’s municipal and industrial 

conservation practices.  Florida has now dropped the sole expert it had retained to critique 

Atlanta’s conservation measures.  And for good reason: Georgia has invested heavily in 

comprehensive efforts to conserve water for municipal and industrial purposes. 

                                                 
93 Ex. 48 at 43 (Phaneuf Rep.).  Dr. Phaneuf also admits that the total annual revenue from the combined harvest of 
shrimp, crab, and finfish is only $4.5 million.   
94 Ex. 43 at 18, 22 (Stavins Rep.).  
95Ex. 36 at 7 (Bedient Def. Rep.).   
96 Id. at 54. 
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To begin, the vast majority of water that Georgia withdraws from the ACF Basin for 

municipal and industrial purposes is thereafter treated and returned to the system, after which 

that water is free to flow down the watershed.   The Metro Water District97 returns more than 

70% of the water it withdraws back to the ACF Basin.98  That is true even in drought years.  In 

2011, Georgia achieved a return rate of over 70% during one of the worst droughts in State 

history.99  Return rates are projected to reach 75% by 2050.100  Achieving those high return rates 

has been extraordinarily costly.  For example, Gwinnett County spent more than $1 billion to 

construct a water reclamation facility capable of returning 20 mgd of wastewater back to the 

Chattahoochee River and 40 mgd to Lake Lanier.101 

Georgia also has required all water systems and local governments within the Metro 

Water District to enact some of the most aggressive conservation measures adopted anywhere in 

the United States.  Those mandatory practices include: residential and commercials water audits; 

replacement of older, inefficient plumbing fixtures; award-winning education and customer 

outreach programs; low-flow retrofit kits for residential units; high-efficiency toilets in 

government buildings; multi-family high-efficiency toilet rebates; meters with point-of-use leak 

detection; and high-efficiency plumbing fixtures in new construction.102  Georgia requires 

rigorous water loss audits that must be validated by a third party.103  Additionally, the Metro 

Water District and other water providers in the ACF Basin implement increasing block rate, 

                                                 
97 The Metro Water District encompasses 15 counties and 92 separate municipalities in the metropolitan Atlanta area 
and is tasked by statute with preserving and protecting water resources.  The Metro Water District develops 
comprehensive regional and watershed specific water resource plans to be implemented by local governments. 
98 Zeng Tr. 632:7-11; Ex. 45 at 15 (Mayer Rep.); Ex. 49 at GA02451997- GA02451998 (Georgia’s Comments on 
Water Control Manual Update).   
99 Zeng Tr. 523:19-23.   
100 Id. at 42:24-44:8. 
101 Ex. 45 at 51 (Mayer Rep.). 
102 Id. at 80:4-14, 695:7-18; Ex. 50 at GA02451936 (1/11/2013 Gov. Deal letter); Ex. 45 at 58-59 (Mayer Rep.). 
103 Ex. 45 at 26 (Mayer Rep.).   



  

  25 

conservation pricing—an important practice reducing overall water use.104  These forward-

looking measures have been supported by billions of dollars of investment by local governments 

and water suppliers in the Atlanta metropolitan area.105 

Georgia has also implemented drought-management rules designed to reduce M&I water 

use during periods of severe drought.  Those rules establish pre-drought mitigation strategies106 

and set forth graduated increases in restrictions based upon the level of severity of a drought.107  

Georgia has not hesitated to utilize these tools.  For example, during the 2007-2009 drought, 

Georgia ordered an almost total outdoor watering ban108 and mandatorily required all water 

suppliers in the Atlanta region to reduce their use by 10%.109  Georgia updated the drought rules 

in 2015 to incorporate additional pre-drought mitigation strategies; a drought declaration 

process; a menu of drought response strategies; and a drought response committee.110  

In 2010, Georgia enacted the Water Stewardship Act, which supplemented the Metro 

District’s water conservation and efficiency programs and was designed “to create a culture of 

water conservation in the state of Georgia.”111  The Stewardship Act required local governments, 

public water systems, and state agencies to adopt permanent outdoor water use restrictions, 

increased block rate pricing for all residential customers, and required sub-metering in all new 

buildings and annual water loss audits for public water systems statewide.112  

As a result of these conservation measures, M&I water usage in the Metro Water District 

has dropped dramatically—both in terms of total consumptive use and per capita use.  Total M&I 

                                                 
104 Mayer Tr. 231:19-24; Kirkpatrick Metro District 30(b)(6) Tr. 49:10-15; Ex. 45 at 61 (Mayer Rep.).   
105 See Ex. 51 at GWNT-DWR0012553 (2009 Summary of Water Conservation). 
106 Ex. 52 (2003 Georgia Drought Management Plan). 
107 Ex. 53 at GA00081536- GA00081539 (Ga. Comp. R. & Regs. R. 391-3-30-.01-08). 
108 Ex. 54 at FL-ACF-02640133 (9/28/2007 Press Release).  
109 Ex. 55 at GA01210159 (10/23/2007 Press Release).  
110 Ex. 53 (Ga. Comp. R. & Regs. R. 391-3-30-.01); Ex. 56 (12/30/2014 Turner memo). 
111 Ex. 57 at § 1 (S.B. 370). 
112 Id. at §§ 2-3, 10. 
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consumptive use decreased from 1994 to 2013 in the Metro District, even as the population more 

than doubled over the same period.113  Per capita water use in the Metro District has also 

declined rapidly since 2000—dropping from 155 gallons per capita per day (GPCD) in 2000 to 

98 GPCD today.114  Per capita water use in the Metro District is lower than Florida’s per capita 

rate in the ACF Basin, in Jacksonville, and in Tampa.115  Florida’s own expert, Dr. Dracup, 

acknowledged in his deposition that “something below a hundred gallons per day per capita” 

would indicate that “water conservation measures are being appropriately implemented.”116  

With per capita use in Atlanta at 98 GPCD, Florida decided not to bring Dr. Dracup to trial.  

In light of these efforts, Georgia has emerged as a national leader in public water supply 

management.  In 2012, the Alliance for Water Efficiency gave Georgia the highest score given to 

any state nationally for water conservation and efficiency, while Florida earned a “C”.117  

Georgia also leads the nation in progress on auditing of public water systems,118 and has been 

recognized as a leader for its water conservation, education, and customer outreach programs.119 

C. Georgia Has Made Substantial Efforts To Conserve Agricultural Water 
Resources. 

Georgia also has taken a number of wide-ranging, large-scale, and proactive measures to 

enhance management and conservation of agricultural water resources.  Throughout discovery in 

this case, Florida has repeatedly cited a number of documents and public statements indicating 

that Georgia was aware of potential water management issues in the Lower Flint River Basin by 

the late 1990s.  Florida ignores, however, what happened next: Georgia promptly took a series of 

                                                 
113 See Mayer Tr. 88:12-90:23, 102:12-19.   
114 Id. at 95:29-97:9, 101:10-102:6; Ex. 45 at 17-19 (Mayer Rep.).   
115 See Mayer Tr. 67:2-23; 74:20-76:19. 
116 Dracup Tr. at 132:12-18. 
117 Ex. 58 (State Scorecard). 
118 Ex. 59 at 45-46 (Water Audits in the United States). 
119In 2015, the Metro District was awarded the prestigious 2015 EPA WaterSense Excellence in Education and 
Outreach award.  See Ex. 60. 
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proactive and reasonable actions in response to these potential issues and developed a regime of 

comprehensive and effective water management in the ACF Basin. 

In the late 1990s, signs emerged that, during times of extreme drought, agricultural 

pumping in ACF Georgia could have an impact on water levels in the Flint River.  At the time, 

the evidence was uncertain.  Very few scientists had studied the issue; the hydrologic models 

available were rudimentary; there were no precise studies of the amount of irrigated acreage in 

the ACF Basin; agricultural water uses were unmetered and estimates of total agricultural water 

use were often overstated; and the interaction and impacts of groundwater pumping to surface 

water flows was not fully understood.120  Nonetheless, Georgia quickly implemented a process to 

comprehensively and scientifically study agricultural water use in the ACF Basin, while also 

taking steps to better conserve and manage water resources. 

That multi-year process had two primary components.  First, Georgia’s Environmental 

Protection Division (EPD) placed a moratorium on new agricultural groundwater and surface 

water permits in the ACF Basin.121  The moratorium, which prohibited any new permits in areas 

where streamflow was considered most sensitive to agricultural withdrawals, lasted for over six 

years.  Second, Georgia initiated a Sound Science Study to better understand the impact of 

agricultural irrigation on surface water flows.122  The Sound Science Study brought together 

technical experts, policymakers, farmers, environmental groups, and other stakeholders in a 

collaborative process that lasted several years.  Georgia hired contractors to map irrigated 

acreage; collected data on irrigation application amounts for different crops and climatic 

conditions; measured distributions of agricultural water use; worked with USGS to study the 

                                                 
120 See Ex. 61 at USGS-0020249, USGS-0020260-USGS0020265 (Torak, Water Availability and Competing 
Demands) (explaining that the Torak and McDowell (1996) model was outdated but USGS working to fill data gaps 
and develop model to improve understanding of groundwater and surface-water interaction). 
121 Reheis Tr. 34:8-37:3.   
122 Reheis Tr. 288:19-290:3; Cowie Tr. 473:1-21.    
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hydrology of the region; commissioned the development of an advanced hydrologic model to 

study the impact of groundwater pumping on streamflows; and evaluated numerous conservation 

practices and irrigation efficiency measures.123 

While the moratorium was in place and the Sound Science Study was underway, Georgia 

took other steps to improve conservation in the ACF Basin.  In 2000, Georgia passed the Flint 

River Drought Protection Act (“FRDPA”), which empowered the Director of EPD to issue a 

prediction of “severe drought conditions” by March 1st of each year, and to administer an 

auction whereby farmers may voluntarily agree not to irrigate in return for monetary payments.  

EPD conducted auctions pursuant to the FRDPA in both 2001 and 2002, which resulted in the 

removal of 33,000 and 40,000 acres from irrigation, respectively, at a combined cost of $10 

million.124  Policymakers had mixed views on the effectiveness of the auction process in the 

FRDPA, and Georgia ultimately amended the Act in 2014 with the goal of improving it.  In the 

meantime, Georgia pursued other, more efficient programs to address conservation. 

Building on the FRDPA, in 2003 Georgia passed legislation requiring the installation of 

flow meters on irrigation withdrawals.125  Georgia has invested more than $22 million in 

metering efforts under the Agricultural Water Metering Program, and over 11,000 meters have 

been installed throughout the state, including over 4,000 in the ACF Basin.126  In addition to 

providing a benefit to growers, who can use this knowledge to better plan their irrigation 

activities, the agricultural metering data has been used for water planning and policymaking. 

In 2006, after years of careful study and development, Georgia’s Sound Science Study 

culminated with the Flint River Basin Regional Water Development and Conservation Plan 

                                                 
123 Ex. 62 at GA00185754-755, GA00185783-792 (2006 Flint River Regional Water Plan). 
124 Ex. 63 at GA00201026 (Summary of FRDPA Auctions).   
125 Ex. 46 at 60-61 (Irmak Rep.).  
126 See id.; Ex. 64 at 11 (Torak, Summary of Georgia Agricultural Conservation and Metering Programs)); Ex. 65 
(USGS, GA Agricultural Water Conservation and Metering Program); Ex. 66 (GSWCC Metering Program).   
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(“FRB Plan”).  The FRB Plan divided the Basin into different “zones” based on hydrologic 

sensitivity to groundwater withdrawals.  After the issuance of backlogged permits, applications 

for new irrigation permits were severely restricted in the most sensitive zones, termed “Capacity 

Use Areas,” and remain so to date.  New or modified permits in the remaining zones were 

required to implement a suite of advanced conservation protections, including end-gun shut-off 

switches, which prevent center pivot irrigation of non-cropped areas; leak prevention and repair 

plans; pump-safety shutdown switches; rain-gage shut-off switches; and low-flow protection 

plans that mandated cessation of irrigation during extreme drought conditions.127  

Georgia has also implemented mandatory statewide and regional water planning, which 

requires regional councils—including councils located in the ACF Basin—to devise water 

management plans and update those plans every five years.  Those plans, which are compiled 

with the support of expert technical consultants and policymakers, seek to identify the amount of 

water available in a given region, the amount of water that is projected to be required for 

agricultural or other uses, and management and conservation practices that will help use water 

resources efficiently.  The first state plan was completed in 2008 and the first regional planswere 

completed in 2011.  Currently the regional councils are in the initial five-year process of 

reviewing and revising their regional water plans.128 

 Georgia has also implemented aggressive efficiency requirements for irrigation 

equipment in the ACF Basin.  As mentioned above, the FRB Plan requires all irrigation systems 

in Conservation, Capacity, or Restricted Use areas to implement efficiency measures.  Georgia 

has also passed legislation mandating that all center-pivot irrigation systems—by far the most 

                                                 
127 See Ex. 62 at GA00185768-70 (2006 Flint River Regional Water Plan). 
128 Masters Tr. 696:3-24. 
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common irrigation systems—be at least 80% efficient.129  These efforts have worked.  Currently, 

farmers in the Lower Flint River Basin use low pressure irrigation systems to irrigate over 90% 

of the irrigated acreage in the region.130  In the most hydrologically sensitive areas, farmers use 

low pressure irrigation systems to irrigate 93% of irrigated acreage.131  

Georgia also makes numerous resources available to help farmers manage their irrigation 

systems more efficiently.  The State has invested millions in a Mobile Irrigation Lab program, 

which (at no cost to farmers) audits the uniformity of farmers’ center pivot irrigation systems and 

subsidizes the costs of retrofitting those systems to achieve greater efficiency.132  Georgia has 

completed over 460 irrigation system retrofits, covering over 40,000 irrigated acres.  Georgia has 

also funded institutes like the University of Georgia Extension, which has had over 250,000 face-

to-face contacts with farmers and overseen 1,740 hours of farmer training;133 the Georgia Water 

Planning & Policy Center, which provides technical assistance and educational outreach to 

farmers and helps them access USDA programs; and the Flint Soil and Water Conservation 

District, which has has helped farmers implement conservation measures on over 200,000 acres.  

 Georgia’s aggressive agricultural conservation efforts have continued in recent years.   

Significantly, during the historic 2012 drought, Georgia reinstituted a moratorium on new 

agricultural water withdrawal permits, including new permits for withdrawals from the Floridan 

aquifer or from surface waters in critical areas.134  That suspension is still in effect today, and 

there is no reasonable prospect of the moratorium being lifted in the future.  As a result, irrigated 

acreage from the Floridan aquifer and surface-water sources in the most-critical areas of the ACF 

                                                 
129 See Ex. 46 at 63 (Irmak Rep.); Cowie Tr. 567:9-25; O.C.G.A. § 12-5-546.1(b).   
130 See Ex. 46 at 74 (Irmak Rep.); Ex. 67 (LF Mapping.pptx). 
131 See Ex. 46 at 73-74 (Irmak Rep.); Ex. 68 (GWPPC Mapped Pivtos_Flint Basin.xlsx). 
132 See Ex. 46 at 64-71 (Irmak Rep.); Eigenberg Tr. 46:20-47:2, 191:15-192:10.   
133 See Ex. 46 at 84 (Irmak Rep.).   
134 Ex. 69 at GA00043929 (Suspension Announcement).  
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Basin are effectively capped going forward, protecting against future growth.  Moreover, in 2014 

Georgia enacted new legislation creating new efficiency requirements for irrigation systems in 

the Lower Flint Basin and giving EPD the authority to protect stream flows generated from state-

sponsored augmentation projects.135 

 Those efforts have had meaningful impacts on agricultural water use in ACF Georgia.  

Combined acreage irrigated from surface water and Floridan Aquifer sources in ACF Georgia 

has declined since 2004; irrigation efficiency has improved; and the streamflow impact of 

agricultural water use has remained relatively constant.  At the same time, crop yields have 

increased as Georgia farmers have become more efficient users of water resources.136  Taken 

together, the initiatives discussed above demonstrate that Georgia has taken a reasonable, 

responsible, and conscientious approach to agricultural water conservation. 

IV. Florida’s Proposed Remedies Will Not Redress Its Alleged Harms, Will Impose 
Extreme Costs, And Cannot Be Imposed Without The United States As A Party. 

Even if Florida could prove injury, causation, and inequitable use, it still would bear the 

burden of proving (1) that its proposed remedies will redress its alleged harms; and (2) that the 

benefits of its proposed remedies substantially outweigh the harms they will do to Georgia.  See 

Colorado I, 459 U.S. at 187.  If Florida cannot prove both of these elements by clear and 

convincing evidence, the Court will deny relief, as it has in past cases.  Kansas, 320 U.S. at 385-

86 (denying relief, in part, because “[b]efore the developments in Colorado consequent upon 

irrigation were to be destroyed or materially affected, Kansas must show not merely some 

technical right but one which carried corresponding benefits.”); Washington, 297 U.S. at 523 

(denying WA’s requested relief, in part, because “[t]o limit the long established use in Oregon 

would materially injure Oregon users without a compensating benefit to Washington users”). 
                                                 
135 See Ex. 70 at GA00305431 (2014 FRDPA amendments). 
136 Ex. 46 at 145-49 (Irmak Rep.). 
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Both at trial and in post-trial briefing, Georgia will renew its argument and seek dismissal 

on the ground that the United States is a necessary and indispensable party that cannot be 

feasibly joined under Rule 19.  In denying Georgia’s motion to dismiss on this issue, the Special 

Master found that Georgia and the United States had made a “persuasive case that the United 

States is a party required to be joined if feasible” under Rule 19(a),137 but nonetheless held that 

the case could proceed “in equity and good conscience” under Rule 19(b) because, at the 

pleading stage, it was “possible” that Florida could obtain adequate relief through a cap on 

Georgia’s consumptive water use that would not affect the United States’ operations in the ACF 

Basin.138  The Court cautioned, however, that Florida would have to meet its burden of proof on 

that issue at trial: “Having voluntarily narrowed its requested relief and shouldered the burden of 

proving that the requested relief is appropriate, it appears that Florida’s claim will live or die 

based on whether Florida can show that a consumption cap is justified and will afford adequate 

relief.”139  Florida cannot make either showing.  The consumption caps proposed by Florida are 

so costly to Georgia, and result in so few benefits to Florida, that they are neither “justified” nor 

“equitable.”  And in any event, those caps—without the United States as a party—will not 

provide Florida meaningful relief from the harms it alleges. 

Florida’s experts have proposed draconian restrictions on Georgia’s water use.  Dr. 

Sunding—Florida’s lead economist—has proposed a number of drastic remedy scenarios, 

including scenarios (using his calculations) that would require Georgia in “dry” years to reduce 

irrigation of row crops by up to 71% and proposals that require Georgia to reduce outdoor 

domestic water use from anywhere between 20-75%.140  Dr. Sunding believes (inaccurately) that 

                                                 
137 Order on State of Georgia’s Motion to Dismiss (June 19, 2015) at 8. 
138 Id. at 11-15. 
139 Id. at 13. 
140 Ex. 71 at 9, 75, 78 (Sunding Rep.); Ex. 72 at 2, 4 (Sunding Def. Rep.).   
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those scenarios could generate between 1,000-2,000 cfs in additional streamflow in peak summer 

months—amounts that sometimes exceed Georgia’s total consumptive use in those months.  

Indeed, according to Florida’s own experts, even completely eliminating all agricultural 

irrigation from surface water and groundwater in Georgia could not generate the peak summer 

flows that Dr. Sunding’s claims to achieve.141  Dr. Flewelling, another Florida expert, has 

proposed similarly draconian remedial scenarios.  He proposes reducing total agricultural 

irrigation by 50%, eliminating half of all man-made small impoundments, and eliminating all 

interbasin transfers.142  He also proposed a scenario that would require banning irrigation on 

150,000 acres in two watersheds that are critical to agricultural productivity in the basin.143   

Unsurprisingly, the costs of those potential remedies are staggering.  Two scenarios 

proposed by Dr. Sunding, which solely focus on agricultural water use, would cost Georgia 

between $205-$335 million each time the proposed restrictions are imposed.144  Combining 

those agricultural water-use reductions with certain reductions in municipal and industrial water 

use proposed by Florida would cost Georgia $433 million when restrictions are imposed.145  And 

a final scenario proposed by Dr. Sunding—which he suggests would generate 2,000 cfs in 

streamflow—would cost billions.  Dr. Flewelling’s scenarios, particularly his proposal to 

eliminate interbasin transfers, are similarly costly.  These staggering impacts would dwarf any 

potential benefit to Florida, even if they did actually generate the streamflow Florida claims.   

But Florida’s proposals will not generate nearly the amount of water that Florida 

believes.  Dr. Sunding estimates that three of his scenarios will increase peak summer 

                                                 
141 Dr. Langseth testified that eliminating all agricultural pumping from surface water in the entire basin and 
eliminating all groundwater irrigation considered by Dr. Sunding would result in a peak summer streamflow of 
1,231 cfs (636 cfs from surfacewater and 595 cfs from groundwater). See Langseth Tr. 869:1--870:9, 875:3-16. 
142 Ex. 73 at 38 (Flewelling Rep.). 
143 Id. at 39. 
144 See Ex. 43 at 52, 54-60 (Stavins Rep.).   
145 See id. at 53.   



  

  34 

streamflows by 1,000 cfs.  Georgia’s analysis, however, shows that his measures would increase 

streamflows by only around 616-682 cfs.146  Indeed, it would not be possible to generate 1,000 

cfs increase in peak summer streamflows even if all row crop irrigation in ACF Georgia were 

eliminated in a dry year.147  Dr. Sunding’s purported benefits from M&I conservation are 

similarly impossible to achieve.  Dr. Sunding testified that certain M&I conservation measures 

could generate 546 cfs in peak summer streamflows.148  But even Florida’s consumptive use 

expert found that that eliminating all M&I use throughout the entire ACF basin would have had a 

maximum impact of 468 cfs in the peak drought month of June 2011.149  

Florida’s proposed remedies also suffer from a much more fundamental problem: They 

will not lead to material increases in flows at the state line—at least without the Corps 

participating as a party in this case.  Georgia’s expert performed hydrologic modeling of 18 

potential remedial scenarios using the Corps’ ResSim model.  That analysis shows that even 

significant reductions in Georgia’s consumptive use would not materially increase state-line 

flows during many summer and fall months in dry years, because the Corps would offset any 

increases in Flint River flows with decreased releases from reservoirs on the Chattahoochee 

River.150  The same is true with respect to Dr. Sunding’s scenarios purporting to generate 1,000 

cfs additional streamflow in peak summer months.  Even assuming Dr. Sunding’s scenarios 

could generate 1,000 cfs in additional streamflow, given how the Corps manages the integrated 

system of reservoirs to achieve multiple project purposes, a 1,000 cfs increase in Flint River 

flows would not materially increase flows in the state line in peak summer months.151  

                                                 
146 See Ex. 43 at 52-53 (Stavins Rep.).   
147 Id. at 78.   
148 Ex. 72 Table 1 at 2 (Sunding Def. Rep.).  
149 Flewelling Tr. 363:17-23.  
150 Ex. 36 at 60-69 (Bedient Def. Rep.).  
151 Id. 
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 Florida’s expert reached the same conclusion.  Dr. Hornberger—Florida’s expert on the 

“hydrological impacts” of Georgia’s water use—performed modeling using his modified version 

of ResSim.  That modeling showed that even draconian reductions in Georgia’s water use 

would not materially increase state-line flows during many low flow months of dry years as a 

result of the Corps’ management of ACF dams and reservoirs.152  Dr. Hornberger admitted that, 

when he modeled a scenario in which Georgia’s agricultural water use was reduced by over 50%, 

his results showed multiple months in which state-line flows did not increase at all.153  Dr. 

Hornberger decided not to report these results in his expert report, but they were buried in his 

backup materials and they confirm Georgia’s position and undermine Florida’s.154   

These findings are not surprising and, indeed, were presaged by Georgia at the outset of 

this case: reductions in Georgia’s consumptive use do not cause increased flows at the state line 

in the summer months of dry years because of the significant role the Corps plays in managing 

water resources in the ACF Basin.155  Releases from Georgia into Florida are tightly controlled 

by the Corps according to a precise set of rules and a careful balance of multiple federal project 

purposes.  In dry times, that ensures Florida a 5,000 cfs minimum flow.  Under the Corps’ 

protocols, any additional water saved by reductions in Georgia’s water consumption (at least 

during dry times) would be stored in upstream reservoirs and not passed through to Florida.156   

                                                 
152 Hornberger Tr. 417:11-418:1.   
153 Id.   
154 Id. at 415:21-416:5. 
155 Ex. 36 at 60-69; 69-71, 101 (Bedient Def. Rep.).   
156 See, e.g., Ex. 74 at ACE-0118072 (12/7/2007 Brandt email) (“Once the determination is made to exercise the 
trigger, releases from Jim Woodruff Dam would be made to meet the 4,500 cfs minimum flow, and storage of 
inflows above the 4,500 cfs would occur.”); Ex. 75 at ACE-0118126 (explaining that basin inflow “is all stored in 
W.F. George” during certain times); Ex. 76 at ACE-0118593 (Corps biologist stating that the Corps “intend[s] to 
store basin flows greater than 5,000 cfs if conditions permit….“[D]ue to the continuing drought we believe it is 
prudent to recover the storage as opportunities present themselves.  Recovery of storage will assist us in continuing 
to augment flows to meet the 5,000 cfs minimum release requirement at Jim Woodruff Dam in support of listed 
mussels.”). 
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 The only way to deliver reliable or meaningful increases above 5,000 cfs during these 

times would be to change the Corps’ operational protocols—and that cannot happen as long as 

the United States is not a party to this case.  Indeed, when Florida’s expert on Corps reservoir 

operations, who has over 30 years of experience with management of federal reservoir projects, 

was directly asked whether the Corps would have to be involved in delivering a predictable flow 

to Florida, he answered: “I don’t see how else you would do it.”157  Florida’s expert also testified 

that “because the Corps operates the Woodruff Dam and that’s what releases the water into 

Florida, there would probably need to be some involvement of the Corps.”158  And, like the other 

Florida experts who acknowledged the truth, Mr. Barton was dropped from Florida’s witness list 

and will not be coming to trial.  

To be sure, there are limited circumstances in which, under the Corps’ operating rules for 

the reservoirs, increases in flow entering the reservoir system would lead to some increases in 

flows at the state line. However, this would almost always occur during high-flow months when 

water is already plentiful, and even those times are difficult, if not impossible, to predict.159  

There is no evidence that increased flows would occur during dry times or times of drought—

when Florida claims to need the water most.  For example, under hydrological conditions of 

2007 (which was a drought year), Florida would receive no additional state-line flow for 273 

days of the year, and the full benefit of any increase in only 19 days in the summer and fall 

months.160  Under the hydrology of 2012 (another drought year), Florida would receive no 

additional state-line flow for 307 days of the year, and would not receive any benefit during the 

                                                 
157 Barton Tr. 205:14-20. 
158 Id. at 204:6-16. 
159 Ex. 39 at 26 (Bedient Rep.).  
160 Id. at 25. 
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summer and fall months.161  Such unpredictable flows do not provide the kind of reliable remedy 

that equitable apportionment cases demand.  Those cases ask whether the plaintiff state can be 

assured streamflows which are “fairly constant and dependable.”  Wyoming v. Colorado, 259 

U.S. 419, 480, 483-84 (1922).  Without the United States as a party, however, there is no way to 

assure Florida a “constant” or “dependable” increase in flow. And there is, moreover, a virtual 

assurance that Florida will not get a dependable increase in flow—or any increase in flow—

during the times that it claims to need it most.   

In addition to the infrequency and unpredictability of these impacts, Florida has no 

evidence—much less clear and convincing evidence—that short-term flow increases across the 

state line would redress the ecological harms of which it complains.  That is true both with 

respect to the Apalachicola Bay and the Apalachicola River. 

Florida has put forth no evidence showing that consumption caps on Georgia’s water use 

would improve the ecology of the Apalachicola Bay.  In fact, Florida’s own expert found that 

cutting Georgia’s agricultural consumption by 50% and halting all interbasin transfers would 

result in only a 1-3 part per thousand (ppt) change in salinity in East Bay (a portion of the 

Apalachicola Bay),162 an ecologically insignificant amount.163  Those same measures would 

result in less than 1 ppt change during the drought years of 2007 and 2012, the years in which 

Florida alleges its oyster industry suffered most. 

No evidence proves, or even suggests, that such small changes in salinity levels would 

increase the population of oysters or in any other species in the bay.  Florida’s oyster biologist 

did not attempt to analyze what effect, if any, Florida’s proposed remedies would have on overall 

                                                 
161 Id. at 28.  
162 See Greenblatt Tr. 182:1-16.  
163 Ex. 33 at 115 (Menzie Rep.); id. App C at C-15.  
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oyster abundance in the Bay.164   Instead, his model evaluated only the counter-factual scenario 

where Georgia consumes no water at all.165  In addition, Florida’s expert on fish species in 

Apalachicola Bay failed to analyze any remedy or conservation scenario.166  Thus, Florida will 

present no evidence of the effect of realistic reductions in Georgia’s water use on the Bay’s 

oyster or fish populations.  Id.  Georgia’s experts, in contrast, have determined that even 

increasing streamflows by 1,000 cfs in peak summer months (as Dr. Sunding proposes) “would 

not have significant ecological benefits for the Apalachicola Bay.”167  Florida has no evidence to 

contradict that determination. In fact, Florida’s Bay biology expert and one of its state employees 

admitted that it was impossible to quantify precisely what salinity level would be desirable for any 

species in Apalachicola Bay.168 

Florida also has not put forth evidence showing that consumption caps on Georgia’s 

water use would improve the ecology of the Apalachicola River.  Florida’s riverine expert will 

offer no opinion on whether any of Florida’s proposed remedies would have a material impact on 

the population of any species in the Apalachicola River region.169  And even under Florida’s 

amorphous and expansive concept of “harm,” Florida’s own expert found that cutting Georgia’s 

agricultural consumption by 50% would improve the number of “flow days” by miniscule 

                                                 
164 White Tr. 51:24-53:9; Ex. 16 at 57-58 (Lipcius Rep.) (observing that because Florida’s oyster experts did not 
evaluate the proposed remedy scenarios, the State of Florida does not have a “modeled estimate of the effect of 
practical reductions in water use upon the Apalachicola Bay oyster population”).   
165 Ex. 77 at 12 (White Rep.).   
166 Jenkins Tr. 330:21-331:3.   
167 Ex. 33 at 115 (Menzie Rep.); see also id. App. C, C-15; Figure C-7 (increasing freshwater inflows into the Bay 
by 1,000 cfs would have a negligible impact on salinity in Apalachicola Bay and that even that negligible change in 
salinity is “dwarfed” by natural variability in the system).   
168 See Jenkins Tr. 206:7-11 (“Q: And, likewise, you cannot tell me, as you sit here today, what value of salinity 
change impacts the nursery function for any species in East Bay? A: Precisely. I cannot.”); Edmiston Tr. 73:4-12 
(“The fish move around to the salinities and habitats they prefer natural variability is so great in the system that is is 
impossible to set a number.”). 
169 Allan Tr. 469:10-21.   
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amounts (on the average of just a few days per year over 16 years) and in some cases could 

actually increase “harm,” as Florida defines that concept.170  

Moreover, for years prior to this litigation, Florida told federal courts that the Corps was 

the primary cause of the same injuries it alleges in this case, and that changes to the Corps’ 

operating procedures were necessary for those injuries to be fully redressed.  For example, 

Florida told the Supreme Court in a related case that “[w]hen the Corp structures its operations to 

retain water in Lake Lanier,” that has “devastating consequences for the ecology and species of 

the Apalachicola River and Bay,” such as by “eliminate[ing] those water bodies’ hydrologic 

connections to stream and marshland habitats … and increase[ing] salinity in the Bay.”171  In 

addition, Florida argued to the U.S. District Court of the Middle District of Florida that “the 

Corps’ exercise of discretion was a ‘factual cause’” of its alleged injuries, because “the 

devastation of the listed mussels and the negative impact on the spawning by Gulf sturgeon 

would not have occurred … but for the Corps exercising its discretion to hold water in storage in 

Lake Lanier.”172  Florida has also argued in numerous letters to the Corps that “the Corps’ 

operation of dams, reservoirs and related facilities … currently affects and will continue to 

affect” natural resources in the Apalachicola Region, and cited the very same injuries Florida 

alleges here, including harm to oysters, Gulf sturgeon, mussels, river-floodplain animals and 

vegetation, and Apalachicola Bay fisheries and estuaries.173  Florida has thus admitted time and 

again, before multiple federal courts and agencies, that the Corps was the primary cause of its 

injuries, and that changes to Corps operations are necessary to redress those injuries.  Florida 

cannot walk away from those admissions now because it finds it convenient to do so. 

                                                 
170 Id. 463:24-464:7; 465:11-466:16. 
171 Ex. 78 at 29 (Tri-State Water Rights Cert. Petition). 
172 Ex. 79 at 42 (Fla. Response in Tri-State Water Rights Litig.).  
173 See Ex. 80 at FL-ACF-02427524 (6/12/2007 Fla. Letter to Corps); see also Ex. 81 at FL-ACF-02427485 (Jan. 6, 
2005 Fla. Letter to Corps).  
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In short, Florida has no evidence that any meaningful ecological benefit will result from 

placing a cap on Georgia’s upstream consumption of water.  The benefits of Florida’s proposed 

remedies are speculative and uncertain, whereas the costs those remedies would impose on 

Georgia are certain and substantial. 

CONCLUSION 

Florida will not be able to prove its case a trial.  Discovery has shown that Florida does 

not have clear and convincing evidence that (1) it is suffering real and substantial ecological 

injury caused by Georgia’s water use; (2) Georgia’s water use is inequitable; or (3) its injuries 

would be redressed by a remedy that is possible without the participation of the Corps as a party, 

or that is justified in light of the substantial costs it would impose on Georgia.  Accordingly, 

Florida’s request for an equitable apportionment must be denied. 

 Respectfully submitted, 
 
/s/ Craig S. Primis               _ 
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From: 
Sent: 
To: 
Subject: 

Pine, Bill 
Monday, December 03, 2012 9:21 PM 
Havens.Karl 
RE: research needs for AB - confidential 

Here's the thing, I can't find any relationship between flow and effort or landings. Neither can Carl. So we {all of us) 
read these papers and think flow drives all these things like predation and nutrients etc., so if it does there should be a 
relationship, with maybe an 18-24 month lag time for the little oysters to grow to harvestable size, between flow and 
landings. But the landings and trips data since 1986 {post-hurricane and the year the landings data were mandatory and 
not voluntary) are pretty flat, they don't change that much. So maybe the landings data are completely made up by the 
dealers {what FDACS seems to think) or there isn't a strong flow-oyster relationship. Maybe Leslie is right, the folks in 
AB are super politically savvy and know how to play this game to their political advantage. It wouldn't be the first time. 

Dr. Bill Pine 
Associate Professor 
Department of Wildlife Ecology and Conservation and Fisheries and Aquatic Sciences Program University of Florida 
http://floridarivers.ifas.ufl.edu 

-----Original Message----­
From: Havens,Karl 
Sent: Monday, December 03, 2012 9:16 PM 
To: Pine, Bill 
Subject: Re: research needs for AB - confidential 

OK, these are good points -- it is different approach, however, I get it as a greater payoff from the standpoint of effective 
management. 

After reading Livingston's work and papers on predation, I think you can make a pretty good case for both predation and 
nutrient limitation effects with low flow. The key would be to figure out what kind of flow regime is needed to keep 
predators in check and maintain sufficient input of P, N and perhaps organic C. I think this is much more challenging than 
figuring out a harvest rate, AND both are linked. 

Karl 

Karl Havens, Professor and Director 
Florida Sea Grant College Program 
University of Florida 
Website: flseagrant.org 
Office phone: 352-392-5870 
Cell phone: 352-284-8558 

Sent from my iPad 

On Dec 3, 2012, at 9:12 PM, "Pine, Bill" <billpine@ufl.edu> wrote: 
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> The reason is because I don't think we are seeking a mechanistic understanding of the system in order to manage it 
better, instead we are seeking to better manage the system, which doesn't require a mechanistic understanding of fine 
scale biological and physical processes. 

> 
> We have to ask ourselves first "what can we do?" from a management perspect ive. If the only thing we can do is 
regulate harvest (I'm not sure we can do that) then that's what we do focus on. If we can regulate plankton, then we 
include that. If we can regulate flows we do that. 
> 
> Dr. Bill Pine 
> Associate Professor 
> Department of Wildlife Ecology and Conservation and Fisheries and 
> Aquatic Sciences Program University of Florida 
> http://floridarivers.ifas.ufl.edu 
> 
> 
> -----Original Message----­
> From: Havens,Karl 
> Sent: Monday, December 03, 2012 9:04 PM 
> To: Pine, Bill; Allen,Micheal S; Kane,Andrew S 
> Cc: Payne,Jack M; Hayes,John P; Havens,Karl 
> Subject: Re: research needs for AB - confidential 
> 
> I suggest we include Ed Phlips and Shirley Baker. We have not delved 
> into phytoplankton compositional changes, because of lack of funds, 
> but Ed and his PhD student have at least thre years of data from AB 
> from 2010-2012 and we have not yet looked at direct effects of 
> increased salinity, which is documented to have effects on growth of 
> oysters -- this is Shirley's area of expertise -- Karl 
> 

> Karl Havens, Professor and Director 
> Florida Sea Grant College Program 
> University of Florida 
> Website : flseagrant.org 
> Office phone: 352-392-5870 
> Cell phone: 352-284-8558 
> 
> Sent from my iPad 

> 
> On Dec 3, 2012, at 8:04 PM, "Havens,Karl" <khavens@ufl.edu> wrote: 

> 

» Bill, Mike and Andy, 

>> 
» I was called today by a friend in a senior level position at the FWC, and told that the Governor wants to know what 
research needs to be done to figure out what happened to the oysters in Apalachicola Bay and what actions need to be 
taken to prevent it from happening again. It was suggested that we put together a clearly defined list of research needs 
as quickly as possible to have ready when requested. 
>> 
» I suggest that the four of us quickly get our heads around this, and then as part of the discussion we determine if 
anyone else at UF (or elsewhere) who currently is not working in this issue needs to be involved (my sense is that we 
have all the bases covered, given that there are not other UF faculty actively working on this -- not from the 'what 
caused it' perspective anyway). 

>> 
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» I don't know about including David because he is leaving FSU. Perhaps we can start to informally discuss over dinner 
and beer when we all are in Apalachicola this Thursday evening, and then have a brainstorming meeting towards the 
end of next week to come up with a list. Or, just start thinking about research needs in your area and we will do a 
meeting next week. 
>> 

» I think we need to think big and think comprehensively - 'what is needed to really nail this one down?' It probably 
will require experiments, a multi-year assessment, and modeling, and my guess is that it will take close to the amount 
Jack provided us with an additional zero after the end of the number -- $2M anyway. I can tell you that just from the 
nutrient/ trophic dynamics aspect, things are unfolding just like Livingston observed in the 1990s, right down to 
increased clarity, then increased Chi-a, and ... I don't think we have the relevant biological data on consumers. But, it will 
be a test to determine how important this is compered to salinity effects on enhancing predation by conchs, sponges 
and welks, on Perkinsus, and then all of this relative to over-fishing. I also have no idea what the Governor means by 
finding out how to prevent it from happening again, if the main cause is insufficient water input from the river and that 
is determined ultimately by what a court decides about a USACE water control manual. Suggest our focus is in the bay 
and on inflows, and maybe even some prescriptions about seasonal flow pattern and volumes and fishing regulations ... 
but not on things like how to regulate lakes and groundwater wells in Georgia. In the discussion I had today, it was 
pretty clear that the FWC folks (at least) understand quite well the importance of groundwater discharges vs. reservoirs. 
>> 

» I'm copying Jack and John in case they have caught wind of this and know anything more. It was not specifically said 
that the idea was for UF to do this research, however, given that we are the only ones actively doing research on the bay 
right now and will be a good ways towards some answers, it seems logical it would go that way. Jack and John might 
advise how to work that angle to make sure that if there is money for research it comes to UF and not to the FWC -- we 
know that the people in the community, for good reason or not, do not trust the agencies, and have been cal ling for our 
'independent' analysis. 
>> 

» If this became a real ity it would be critical to have the money go through the FWC (25% JDC) and not FDACS (5% JDC}, 
else we will come out at a loss on the money side. 
>> 

» For obvious reasons, I'd not share this email or information around just yet, since we don't have all the details. 
>> 

>> Karl 
>> 

>> Karl Havens, Professor and Director 
» Florida Sea Grant College Program 
» University of Florida 
» Website: flseagrant.org 
» Office phone: 352-392-5870 
» Cell phone: 352-284-8558 
>> 

» Sent from my iPad 
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Copyright 'i.' 2015 by the n11thor(s). Published here ttllller license by the Resilience Alliance. 
Pi11e, W, E., Ill , C. .I. Walters, E. V. Camp, R. Bouchillo11. R . Ahrens. I .. Sturme1; and M. E. Berrlgori, 2015. The curious case of 
eastern oyster Crossos1rea 1·irgil1icn stock stat11s in Ap11lachic()!1t Bay, Horida. Ecology <md Sodr1_1• 20(3):46. !_11q, :i/,h ,1ll!i1•Jll/ 11, ,- · I/ 
f ~~O.,h' - 10( 1 t t, 

l11six/,1 

The curious case of eastern oyster Crassostrea virgi11ica stock status in 
Apalachicola Bay, Florida 
!11/Ji,1111/ / ';I,, 111 1. , 11) I !l..iillt'!, J_J,,!J,n.1 1 '1111/ ' ,.H.11,lt,ll/1111!.lJ1//111t'. / ,.11/11·1 ·1/11•11 ·' 11·111 \1111111,, ·' wul 1/11' I /1,1, 
~ 

ABSTilAC'T. TJ1c Apalachicola Bay, Flornla, eastern oyster ( C'rassosh·en P/rgli1ira) indusuy has annualJy produced ahout I 0% or the 
U.S. oyster harvest. Today·s simple individual-operator. hand-tonging. small-vessel lishcf)' is remarkably similar to the one that began 
in the 1800s. Unprecedented attention is currently being giwn to the s tatus of' oyster resources in Apalachicols Bay bccan~c this fishery 
!ms become cent:r.'ll to 1hc decision making related to mn11 istatc water disputes in the southeastern U11i1ed States. as well Rs miltions of 
dollars in funding for restoration programs related to the D eepwater H orizon oi l spi ll. The oyster fishery collapsed in 2012. kading to 
brge economic l<Jsscs :utd w mmu11ity concerns over the c11rre11t 1111d future srntus o f oyster msources. ecosystem health. 1111d local 
economic opportunities. We used best avai lable data to assess what mechanism(s) may have letl to the collapse of the Apah1chicola Bay 
oyster fishery. We then assessed t he efficacy of a lternative management strategies (e.g .. rest orntion. fishety closure) to accolerall' oys1er 
populmiou recovery. Our results suggest that the Apalachicola Bay oyster population is not overfished in the scuse that recruitment 
has bcc11 limitetl by harvest. bnt that tbc 2012 collapse was driven by lower-lhan-averagc uumber~ artd/or poor sun•ival or j 11venik 
oysters in the years preceding the collapse. This reduc1it1n in recruitment not only reduced the biomass of oysters available to harvest , 
hnt rrom a populatio11 resilienct! perspective. likely reduced the amount or dead shell material available as larvil l sculemcm area. 
Although the Apalachicola Bay oyster fishcty has proven resilicm over its > 150-ycar history to periods of instability. this fishery now 
seems to be at a crossroads ill terms of continued existence and possibly risks ,\11 ineversible collapse. How to use the restoration funds 
available, and which restoration and managcmcm prnc1ices to follow, are cho ices that will determine the lung-term viability of the 
Apalachicola Thy oyster fishery. 

Key Words: adaplil'e mmwgem<'J1I; Apalarl,icola: !tarv<'sl 111a,wgPlll<'lll;aystl'rs: ms1nra1ia11 

TNTRODUCTIO'\ 
Eastern oyster ( Cmsws1rea rirgi11ict1) populations arc signifo.:ant 
(·omponentb of COHSt..'11 ecosystems, playi11g 11um~roui. import,1111 
<:'CUI< >gjca I. cultura l. and economic roles. Eastern oyster ( hereafter 
"oyster .. ) populations often ,,r,~.ite complex reefs ol lil'iU!! oyi;tcr, 
nf multiple si1.e and age da~sus living on and among dead 11ystr1 
she ll mmerial kmw,n as cultdt (f'tg, I) . I hesc ,1ystc1 twf~ ctt!ltl' 
ke:i, lrnbitat fornu merous li~h. invc I lchrnte. and hird spl·des. lllf1 ny 
or which have large rccrcati(,mtl anti commerci1tl value (e.g .. red 
drum IScia£•11aps ocel/11tus l, rlorida b1.unr crah [11,,fenippe 
IIIP/'CeJwrial) or an' spcci<.:s pf specif1I concern (e.g .. Ameri~11 
Oystercatd1er l ll1w11101op11.s pnl/laws]) Oyster rccfa a lso function 
as harrier islands in many areas. dampening wave action to reduce 
l.!Oastii l erosion and protect humRn coasrnl co111mn1titics from 
storm damage (Bor~jeet a l. 2011 ).a& well as improve coas ta l \Vat er 
qual ity (Coen et ::i i. 2007). Globally oyster reef tlistribntion ha~ 
declined by as much flS 85% fo1 a varic1y of reasons inclt1di11g 
ovcrbmvcsL disease. and poor water q11ality (13eck ct a l. :!011 ), 
Wcll-k11ow11 lJ.S. oyster fisheries sul.!11 m those in the Chesapeake 
D11y are much smaller than historic levels (Wilbcrg ct 111. 201 l ). 
"foe larges t wild oyster lislwry in the world c tu-rcntly is in d1c Gull' 
of Mexico, which ~upplic& about 5()% llf lhl' U.S. commercial 
oyster harvests (Bct:k ct al. 2011 ). 

Florida provides about JO'Yo or the U.S. ,·t1mmercial bm-vcst 
(MacKenzie 1996), with the majority of oyster landings coming 
from Apalachicola n ay (Dugas ct a l. 1997), Apalachicola Bay 

oysters have traditi011a lly heen viewed as a high-quality sca limtl 
produl.!t. and Apalat:hict1ht oysters an.• 111arkctcJ hy name for 1hcir 
s ize nnd llavor qualities. Oyste1 fisheries and oyster processing 
,ire a significant component of the locul <'c'.C'111omy. supporting 
more thau I O(JO _1obs and <1bout hull' c\r the rcvtnucs for some 
.-n11stal cn11ntie~ (Whitlield and lk,t111111l!'iage 1977 Haven~ <!t al. 
, OD). 

/\p,dad11n,lu lh•)' 11rtcr popt1lat1<rns li~w a long n.:scurd1 anJ 
111anagemeut history (Fig l). T n a report of the U.S. C't>t111nis~io11 
cit' ri~hes ond J' ishcries, H~ pan of a survey of oystl.'1 rcg,imu, of' 
Apah1ehicola Bay. Florida. Swift i 1897) said· 

1111' o i'S/1'1:! of This lwd, ,•spf'<"ial/J• 1/ms1• .fm111d llNII' llif' 
f;/001 run•e o.(f Cat l'oi111. m'e o.J th,:, t>Pl'Y./ilte.;'/ qualitJ, 
,n11/ ii is probubll' llu,1111, l,e11,,r/711w>red l>J'S1''1:i 1'/111 /te 

f1,1111rl i11 11111· p11r1 ,f 11t,, M11111n: '/1,ey ,,re 1w1 1111~1• 
1·.11replim1al/1' good 111.flm•n1: h111111·e large 1111d/a1. Swil\ 
( l>l97:l!Ol 

/'l,i.i her/ / S1111//1 1 ,11/11{' /. /ik,, llw orlwrs s11rm1111di11g ii 
/Ill till' 11orllt sid1•, wus.fi,mu•rlr l'l'!'l' 111•nd11c1iv,,. /1111 ii, 

like 1/t,•oilil!l's, wt1s.1n nvpr11·oi·ked 1/1111 ii hetmJtf'depletf'd 
a.few years ago. S i1u·e !Ital lime, these beds /,ore bet!11 lef1 
lo /'l'c11p1,m1le. and ii .,·er:111s prabal;/e 1lt111, if le.ft 
1111dis111rbed. lltC'J' will son11 rffm•1•r 1/teir .Jrmner 
prnd11l'lfre11ess. Swil'1 ( 1897:203) 
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F ig. L Generalized eastern oyster (Cmssos1rea virginica) 
lifecycle and equations used in the stock assessment model 
(Table A2. I in Appendix 2) developed to assess status and 
trends in the Apalachicola oyster population. 
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This is the first of several largo declines in Apalachicola oyster 
populations reported since the late nineteenth cen.tury. The most 
recent occurred in 2012, when Apalachicola Bay experienced large 
declines in the abundance of harvestableoysters, leading the State 
of Flotida to request a Federal Fisheries Disaster declaration 
from tbe National Marine Fisheti~s Service. This decline resulted 
in large economic losses in tbe region, leading to a 20 12 
community-based review of environmental conditions in 
Apalachicola Bay (Havens et aJ. 2013. Camp c-t al. 2015). This 
review followed decades of earlier agency and academic research 
on Apalachicola Day ecology in the 1970s-2000s (Livingston I 991. 
2002, 2015). 

Despite the economic importanc.-e of the Apalachicola oyster 
fishery and expanded attention to the ecosystem services provided 
by oyster popu!Atious across tbei r distribution (Coen ct al. 2007, 
neck et al. 2011, Seavey et al. 2011 ), the status of oyster 
populations in quantitative terms. i.e., terms ust:ful for makitlg 
mana2ement and restoration decisions. is not well known in many 
areas (Wilberg et al. 2011 ). To inform Apalachicola oyster fisbery 
mana!?ement and restoration, it is spcci!icaJly clit-ical to 
uude1;tand ( l ) the role tlrnt fishing effort has played in the current 
oyster lishcry collapse to determine best fishing practices in the 
future and (2) what specific strategies o r scenarios (e.g., shelling 
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of oyster bars, restrictive barvest policies) will lead to the most 
rapid or most oe11ain recove1y of the fishery. 

We analyzed available data in a population dynamics model to 
assess what mechanism(s) likely led lo the collapse or the 
Apalachicola Bay oyster fishery. An original contribution is that 
our model captures the feedback between natural monalit.y and 
the accretion of shell matelial as substrate for oyster larvae (spat) 
settlement and growth, and tbe linkages between harvest (which 
removes botb oyster shell material and Jive oysters) and 
recruitment. We then assessed the efficacy of alternative 
111<11rngemelll strategies (e.g., habitat restoration, fishery closures) 
and scenarios (area for and frequency or adding shell matelial) 
to accelerate oyster population and fishery recove1y to belp 
inform planning efforts for community-led rcstorat-ion programs 
designed to promote resilience in this resource-dependent 
community (Camp et al. 2015). 

Note that we did not study or reach any conclusions about any 
eff ectof water withdrawals affecting the Apalachicola River Basin 
or oyster populations iu Apalachicola Bay. This is an area that 
warrants future research. 

STUDY SITE 
Apalachicola Day is a shallow estuaiy (mean depth <3 m) of 
approximately 63.000 ha enclosed by a series of banicr islands 
witb an east-westoriemation. Oeologicsuxveys or the bay suggest 
that the primary oyster bars are perpendicular to the orientation 
of the bay along ancient sandy deltas, and these bars became 
expansive 1200-2400 years ago (Twichell eta!. 20 I 0). Tl1e primary 
source of freshwater input into Apalachicola Bay is the 
Apalachicola River. and river discharge has a strong in0uence 011 

tl1e sal.iuity. nutrient dynamics, and o tb.:r aspects of the 
Apalacl1icola Bay ecosystem (Livingston et al. 1997). 

F isliery overview 
The c~mmcrcial oyster fishery in /\palachicola was first desc1ibed 
in the 1880s, and extensive surveys in tbe l 890s rcponed 
established fisheries with commercial canning operations, as well 
as documentatiou of' oyster bars being ··overworked"' and uo 
longer producing a comm.:rcial harvest (Swift 1897, Dugas el al. 
1997: Fig. 2). Oyster landings from Apalachicola Bay in the last 
half century ftvcrngc between 91,000 and 272,000 kg of meat, or 
about 90% of Florida's commercial oyster ba1vest (Dugas ct al. 
1997: Fig. 3), with tl1e majority of haivest coming from public 
reefs where oysters are harvested via band tonging (Whitfield aud 
Bcaumariage 1977). As early as 1881, it was recognized by Florida 
stat me that the recycling or placing of oyster shel l on oyster reefs 
to provide substrate ror oyster spat (known Hs "shelling") was 
importam to promote sustainable oyster harvest (WJ1itficld and 
Beaumariage 1977). In 1949, a managemeut program was 
established to replace oyster shell ou public reefs, and the amount 
or ma1erial has varied ann11ally depending on funding and 
availability of matc1iaJ (Whitfield and Bcaumariagc 1977). 

I n 1985, H1micane Elena caused signilicant damage to oyster 
resources in Apalachicola Bay, leading to highly rcmictivc 
regulations, on-witter ha1vest check statious, and intensive 
shelling operations on a subset of reeJs(Berrigan 1990). Beginning 
in 1986, a revised landings and elfon reporting system was 
required foraJI commerciaUy hi11vested marine species, in contrast 
to the prior volumary reporting program in place. Based on data 
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Fig. 2. Time line of key events aud nrnnagcment actions in the Apalachicola Bay, Florida oyster fishery, 
1836-2013. 
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since 1986. the number or Apalachicola Bay oyster harvesters 
declined from about I 000 in the late 1980s to around 400-600 
throughout most of the 1990s and early 2000s, before increasing 
since 2008 to about 1000 license holders at present (Fig. 3a). The 
number of oyster fishing trips follows a similar pattern, with about 
30.000 trips reported in I 988, declining to abolll I 0.000 trips in 
the mid-1990~. and then varying between 1 U.000 and 25.000 trips 
uotil 2006, when the number of trips increased to about 40.000 
annually in recent years. T.arge declines in landings were reported 
beginning in the fall of :io I 2. and landings and uips declined 
dramatically in 2013 (Camp ct al. .2015). Oyster regulations in 
Apalachicol11 Bay a rc currently managed using a system of 
seasons. spatial closures. bag limits. l'tnd size limits, hut on-water 
check stations aud a bag tax to fund research and monitoring 
progrnms were ended in the early l'J90s (Fig. 2). 

METHODS 

Ovstcr stock assessment model 
We developed an age-structured oyster stock assessment model 
that reconstructs historical ahundancc patterns aud allows for 
exploration of fu lure alternative management options. ·1 "he model 
represents a single oyster population in some area of iJllerest; that 
region may be some large management a rea like Apalaehicola 
Bay or some much smaller habitat type or site within a larger 
region. The model is implemented iu an Excel spreadsheet to allow 
portabili ty and case of examination of model structure and 
calculations: an example copy of tllis spreadsheet is available as 
a supplemental file (sec Appendix I). 

Model population dynamics calculatio ns (growth, survival, 
recruitment) are made at a monthly time resolution to account 
for the rapid growth and mortality of oysters, to assist in 
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Fig. 3 . Reported Apalachicola Bay, Florida oyster fishing 
license holders (a), annual oyster fishing trips (b), average catch 
per uip from I 986-2012 (c). reported oyster fishery landings 
(d). and amoullt of cultch (shell) material planted in 
Ap11lachicol11 Bay as a rcstorntion tool from I 8R0-201 2 (e). 
Prio1 to 1986. landings data were repone<l unde1 a voluntary 
reporting system (red vcrticlc line in panel d). From 1986 to the 
preselll. landings mid effort were tracked via the Florida Fish 
and Wildlife Conservation Conunission Trip Ticket Program 
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inlerpretatiou of seasonal harvestiugdata, and fo r evaluation of 
seasonal harvesting policies, e.g .• seasonal closures. T hree time­
accounting variables are used in the model equatio ns: y for 
cale11da r year (y = l , .. . ,n l,), 111 for month of year (m: 1, ... ,12), 
and I for month from start of a time simulalion (t = 1, ... .1111 .). 
The model predicts matrices of oyster numbers N., and sht ll 
lengths L..,, by mont_h of age. Using monthly fishing clforts E, 
m· the model prcd1c~s mouthly l-atches cy.nt for statis tical 
comparison to htstonc data, while allowing f'or interawrnal 
variations in recruitment, growth, and survival (equation I in 
Table A2. I, Appendix 2). For our Apalachicola l3ay (Jase history, 
obsc1vcd fishery landings and effort data by month were 
compiled for 1986-1013 from information provided by the 
Floridt1 F ish and Wildlife Conservation Commission . We 
develope~ a standardized index of oyster recruitmeill using 
lishenes-mdependenl survey data of oysters by 5-mm size classes 
collected by the Florida Depa rtment o f t\grfculture and 
Consumer Services (DACS) on the major commercial fishing 
reef's iu Apalachicola Day (available from 1990 through 2013). 
Full details 0 11 our po pulation dynamics model and j ts 
application tO 1be Apalachicola Bay case study are available in 
Appendix 2. 

S imulation of management actions 
When tuned to the uncerta inty 111 oyste r population dynamics 
in Apalachicola Bay, this model can be used to evaluate futw·e 
fishery outcomes o f alternative management actions. As an 
example, bow harvest o r environmental perturbations affect 
persistence ol' she ll material essential for successful recruitment 
represents A key uncerta inty in managi11g oyster populations. ff 
shell material is removed from the oyster bars as fishermen cull 
legal oysters from sublegal sizes and associated shell materia l, 
and these sublcgal oysters and shell arc discarded away from the 
oyster bar, then this loss rate (discard mortality of both live 
sublegal oysters and shell material) could be substantial. Such 
evaluations are a critical part of auy adaptive management 
progn,m designed to learn more about the system (Camp et a l. 
2015). 

We used tlle m odel to assess the effect on future oyster fishery 
landings of a variety o f' potential management actions under 
different assumpt ions about oyster rccruitmcut pa tterns and 
processe.s. We first assumed future average oyster recruiunem 
levels sim.ilar to those observed in 2004-2013 and explored four 
management action scenarios: (1) no management action taken: 
(2) no nmuagemeut action taken, b111 assuming a dit1't:reni. 
function 10 1111 of tlie recruitment relationship (i.e., assuming a 
lleverton-llolt recru itment function rather than a Ricker 
rccruitmrnt function); (3) initiating a substantial sbclJ addition 
program involving restoration of about 50 ha (a lillle more t11a11 

the hist0 ric average annual shelling) for each of four years 
(20 14-20 18): and (4) reducing fishing effort by half (from around 
4000 ltips/moutb to 2000) over the next six years (20 14-2020). 
We then evaluated act ions 1, 3. and 4 under the -alternative 
assumption tha t future average oyster recruitment remains low 
(similar to 201 l-2012 levels). P inally, we assessed how a future 
20% annual loss rate of she ll material would impact oyste r 
population recovery nuder no action (scenario 1) and reshellh1g 
(scena rio 3). 

RESULTS 
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O yster s tock assessment model 
The oyster stock assessment model (Appendix 2) appears to 
rep resent well the oyster popula tion dyna m.ics in Apalachicola 
Bay and results in a remarkably good statistical explanation of 
b.isto1ical catches and major trends in lisbe1ies-independent 
survey data. Our assessment results suggest that the Apalachicola 
Bay oyswr population is probably not recruitment overfished ; i. 
c .. the observed low recruitments are not auLicipated to he strictly 
because o f over harvest of adu !ts. Rather, the 2012co!lapse instead 
was likely dliven by lower-than-average abundance o r survival of 
sublegal (juvenile) oysters in the years preceding the collapse. This 
reduction in recruitment not only reduced the biomass of oysters 
available to harvest , but from a population resilience perspective, 
likely reduced lheamo unt of dead she.II matciial available as area 
for larval settlement. 

/\u impo rtaut and surprising result of our work was the low 
estimate of the area of oyster bar needed to prnduce the estimated 
abundance of legal-size oysters. in other words, to support the 
observ~d harvests (A,

0
1a1, about 500 ha). T he low A,ohil estimates 

would imply very h igh monthly exploi tation rate-s (l \), in the 
range of 0. 1-0.15 for rel'l!Ut years. This is much higher than U 
estimated from about 1995-2010 of a round 0.05 per m onth, bu{ 
similar to the estimates from about 1988-1990 (Fig. 4). This low 
estimate of A,

0
,ai has multiple potential interpretations: (I) ibe 

Apalachicola Bay fishery is being supported by recruits from a 
very small but productive proportion of the t0tal oyster bar a rea 
(total area o f oyster habitat including subtidal areas estimated to 
be about 4800 ha): (2) fishery CHLchcs llavc been grossly 11nder­
rcported; (3) DACS harvest data ar e no t representative of average 
oyster densities; (4) the imp.-1cL of a unit or fishing effort (fishery 
catcbability, q, and helll'l! U1) h;is been g rea tly overestimated; (5) 
the total oyster bar area has beeu overestimated based o n existing 
geological (bottom type) and other survey information; and/or 
(6) the model a llows upward bias in exploitation rate estimates 
by not properly accounting for erosion of size structure at aec 
(selective rco1oval of faster growing individuals). ~ 

Fig. 4. Estimated monthly exploitation rate for legal (>76.2 
nln\) oysters in Apalachicola .Bay, Florida. 

Ectim,uod Exploitation Rat• (monthly} 

" ,,.--------------- -----~ 

Year 



The basic problem is most likely that the model predictions of 
sublcgal a 11d legal abundances. i.e .. size distribution. arc not in 
lact reasonable for such high l,xploitatiou rates (iuterpretation 6). 
Lr exploitation rates were in reality as high as predicted. most legal 
oystern would be removed wilhin a few months or reaching the 
76.2-mm legal length. and the s ize distribution would thus he far 
more severely truncated than vbscrvcd; i.e .. the lcgal/sublcgal 
density ratio would he 11111ch lower. I nstead, the model "allows .. 
vc1y ltigh c.xpk1itation rates withouc erosion in the predicted size 
structure hecausl' it assumes regeneration of the length 
distrihutions of sizes each month. The only way to avoid thi, 
faulty rcgcneniti(lll 11ssumption would be to usc II much more 
co111p)e'( model structure involving growth-type groups. 1-lowevcr. 
wbc11 we dewlopcu growth-type-group models based on live-yc;ir 
periods of Lime (Appendix 2), these models resulted in similar 
estimates of J\10,.,1 ,if around 5()0 h:1 . prohibiting a conclu~ivc 
dismissal of the small A,oial estirnnte as 1111 artif'act of the model 
strnnure. 

Tho lack or clarity regarding the area of oyster production. i\,u,o1· 
reverberate, tllroughout the model results. Ir A 10,ru b largcr than 
cstimntoc.J . as impliud hy the above information, our assessm1m1 
suggests a large, relatively uuprod uetivc oyster population 
scarcely affected hy fishing lrnrvest. Alternatively. if i\10,a1 is trnly 
small. our asscssmcm would suggest H highly productive 
populatiou llrnt has becH J'clatively heavily impacted by recl'n l 
lishing ha rvc,1. Therefort:. althougb our hest asst:ssmtrnts of I he 
iivailable data suggest that the collapse of the Apalachicola Bay 
oyster fishery was not strlc1Jy due tO ovcrlishing, the modl'I was 
unfortunately unable to clearly resolve the historical role that 
harvest has played or t he rclmive r,roduc1ivity of the oyster 
population in Apalachicola Bay. 

Simulation of mon11gcmcnt actions 
Thl' model prcuictcd that u11de1 average ··normal .. recrniL111.:111 
and mortality rates observed from 2004-2013. oyster populm1011, 
wn11ld recover in 5-10 years. ewn with no rnanage111c111 act1P11 
( bl uc lines. Fig. 5aJ. 11' recruitment remains equ>tl to the 11104-.!0 J .l 
Jvtrnge, then adding shelling of 50 Im per yi:a1 J,,r the uc-.:t 4 vcars 
was predicted to increase oyste,•yields to 2008-21110 levels iu al1out 
5 years. even if tishery clfon remains high (green lines. Fig 'ia ). 
lllterc, tingly. ~hdlingonly provided a ~mall rod11ction in recovery 
time comparcc.J with thi: no action" scenario. Witl1 the ~lllllt' 

as~11mption of recruitment equal to the 2008-2012 :worngc. 
rodu(;ing effort by half over the next 6 years (JO l 4-'.!020) would 
result in incrc11;i11g yields w ithin 5 years. hut such a reduc1iun 111 
effort would obviously reduce overall yield (red lines, Fig. 5a) aud 
likely have deleterious economic: clTccts 011 the community. The 
effects of c losures or shelling additions were ~m:ill rdmive 10 t he 
effect of asrnmiug a different f11 ndw11:il form ti,1 the ,toe~ 
recruiunemrelationship (grny lincs. 1:ig. ~ll}. 

When we nm the model u nder the assumption that the low oy,tc1 
recruitmem observed in Apal~chicola Bay during 2012-201:1 
would continue into the future. it preuicte<l thal oyster rishe1 y 
recovery was less likely to occur in 1he absence of management 
actions (blue lines. Fig. Sb). Tf recruitment remains at 20 12-201 3 
levels, our model predicted that even with shelling 50 ha per year 
for four years. the oyster population would continue to decline in 
2014-2020 (red Jines, Fig. 5b). Even with very higb shell ing rn1es 
(162 ha per year). the low-recruitment oyster population was 
predicted 10 int.:rease 011ly slightly (green lines., Fig. 5h) and only 
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Fig. 5. Observed (black circles} and model prcdictcd 
(ow1fapping lines) oyster yields 111 Apah1ehicola Bay. Florida 
from 1986-2013. Tn panel a. 20 13-2020 yield is predicted 
under thre.: diflcrent scenaiios based on 2004-2013 average 
annual recruitment rates. Scenario I (blue line. no closure) is a 
baseline prediction of oyster population yield allowing for 
average recruitment and J;,ascd on survival rates and simila1 
effort levds observed in 2004-2008. Scenario 1 also iudndes 
result, from a "no closun:" option assuming the alternative 
Bcveno11-Holt Slock-rccnLit1uc111 runction. Scenario 2 (red 
line. reduced effort) is similar to scenario I. but also reduce~ 
fishing effort by 50% from 20 l ~-2020. Scenario 3 (green Hnc} 
assu1ncs a shelling restoration program at a level of 50 ha pct 
year from 2013-2017. Pr111el b assumes that rct:rnitment from 
2014-2020 is lower tlrnn the 2004-2013 avernge anu s imil11r to 
avernge recruitmem estimated during 2012-20D. Three low­
rci.:rnitmcnt sccnArios arc cvHluated: a " no ;,ict ion" scenario 
(hluc line). a Im, shelling area option of 50 ha for 4 years (red 
line), and a high shelling area option of 162 lrn for 4 yc:ns 
(green line). PAncl c is similar to panel a wit11 the same 
scenario 1 (blue line. no closure) a nd a scenario 2 tha t asscs~o~ 
yield recovery under II situfltion where shell is removed at 11 

rate of :!0% a year from stonm or lishe1y practices. 
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UL1ring tile fo111 )'Cars when sl1cll adtli1ions t11kt•plaec (green Jines, 
rig . .'ib). 

A central finding is the iu1porta11ct: of the protection or shell 
lrnbitflt and the muintem111ce (If a "positive .. shell budget. We 
found tlrnt the oyster fishery is unl.ikely to rei.:over if shell loss, 
e.g., from storms. culling prncticcs. or ocean acidification, is 
higherthan she ll deposition rrorn naturnl or restoration actions 
(i.e., if the shel l buugct is negative). A t a 20% annual shell loss 
rate. our model es timated relativdy rapid oyster fishery colfapsc 
( red lines, F ig. 5c) compared with the recovery predicted even 
witho ut management actions (blu,: lines. Fig. Sc) if no shell loss 
is assumed. 



Overall. the key resuli- from our simulations was identifying t11e 
pivotal role that recruitment rates likely play in oyster population 
recovery. If recruittnent levels return to the average observed in 
2004-2013, then oyster yields a rc likely to recover in about five 
years without any management action. If recrui tmeut rntes 
remain low (similar to 20 12-2013), then the likelihood is high for 
a very slow oyster population recovery or even collapse. There arc 
multiple factors that could lead to low recruitment at present or 
in the future. including: 

L Changes in A,
0
'"1 caused by environmental factors and/or 

fishing. ln this scenario. declines in the total area of oyster 
habitat would result in overestimates in oyster population 
levels based on extrapolation from DACS surveys from a 
small subset of oyster bars. 

2. Removal of <lead shell <luring the harvesting process, kading 
to a negative shell bud gel (shell losses exceeding deposition) 
and an overall decline in settlement area. 

3. In-eversible increases in estimated relative natural mortality 
rate (M ) because of invasion or expansion in the system of 
oyster pre<lawrs or d iseases. 

4. Nonstationa.rity in the stock-recruit relationship, meaning 
that unuorrelated random deviations from the mean stock­
recruitment relationship can lead to very misleading 
assessments, while loug-tenu recruitment trends because of 
habitat drnnges (i.e. , settlement area0 larval food supply) an: 
masked. 111 trnditional fisheries stock assessments, we 
sometimes attempt to de a.I with this str11cturn I problem by 
using vinual population analysis methods to back-calculate 
recruitment without assuming any underlying stock­
recruitment relationship; however, we were um1ble to 
deter mine parameters for a virtual popuhn.ion anaJysis 
model witl1 oyster populations bcca.usc we did not know the 
age structure of the ha1vested population. 

DISCLSSlON 

Factors contributing to the 2012 oyster population collapse based 
on :nailable data 
What led to the oyster population collapse in Apalachicola Bay 
in 2012-20!3? Our results suggest that the 20 12-2013 
Apalachicola oyster population collapse was likely due 10 low 
recruitment and/or low suhlegal survival rates. Our results warn 
that this decline may have resulted in or resulted from a decrease 
in la1val settlement area (dead shell ), which could severely retard 
population recovery or even send the stock into ineversible 
<lccliut>, depending on fulllre recruiunent an<l shell dynamics. 
Although the Apalachicola Bay oyster fish01y has proven resilient 
over its> 150-year histmy. this fishe1y uow nrny be at a crossroads 
in terms or co111i11ued existence. and if recruitment levels remain 
low. then huge-scale restoration progrnm.s may be ueccssary to 
Avoid an irreversible collapse. 

Perhaps tlrn most important tiu<ling from our work is tlrnt none 
of the available data give superior estimates of historical 
exploi tation rates fishing impacts. The sudden decline in 
Apalachicola Bay oyster la11dings in 2012 was preceded by several 
years of increasing harvest and effo rt. We iuitially suspected a 
Clise of ovedishing led to the collapse of the oy$ter fishery; 
however, our analyses suggest a mnch more complex but classic 
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problem in t:ish stock assessment: we can generally attribute the 
observed changes in relative abundance either to fishing or 
productivity changes, but we can never be sure which was more 
important ,v.ithou~ good independent data on absolute 
exploitation rates over time, With the data cun-ently available for 
Apalachicola Bay, we cannot he sure whether we are dealing with 
a small oyster population that has been subject to strong fishing 
impac.ts or a larger population that has been subject to strong 
environmental influences that have impacted the loug-tenn 
canying capacity. In the latter case, the population may recover. 
but, if tbe long-term carrying capacity is reduced, it may not 
recover to the same historic levels. 

Factors likely not contributing to the 2012 oyster populatioa 
collapse based on a.-aila hie data 
Our results are notable for what they did not find. Within t.he 
Apalachicola community there are t.wo widespread hypotheses 
related to driving forces of the oyster fisheiy collapse. First, there 
is widespread concern that the oyster population collapse in 2012 
was related to the Deepwater Ho1izon oil spill that occurred in 
March 20L0. ln a related project, a large number or sediment, 
water, and animal tissue san1ples were collected in 2012 by the 
University of Plorida and no pollutants were detected (Havens 
et aL 20 I 3, Camp et a l. 2015). This corroborates results from 
sampling by state and federa l agencies immediately after and in 
the years following the oil spllL Our model resulL~ suggest 1.hm 
tbc decline in sub legal oyster abundance in Apalachicola Bay did 
not begin until 2012. two years after the oil spill. To the best of 
our knowledge, the Apalachicola Bay oyster population was not 
directly impacted by oil or oil dispersants used duling the 2010 
Deepwater Horizon oil spTII. 

A set:ond recent concern <1Jl1ong the Apalachicola oyster fishing 
corrununityand reso urce managers is the impact of low freshwater 
inputs into Apalachicola Bay l"rom drought conditions within the 
Apalach.icola-Chattahoochee-Fliut basin.Du1ing201l-2012. the 
Apalachicola-Chattahoocbee-Flint basin e.,-xperieuced extensive 
drought (Palmer Drought Severity index of severe to extreme. 
ht IJ>s:/111 ,1 ,, .,.Jio11~h l. ~c•v/druu~ll th¢gjo n11l·1)1 ug.rams/ai; f1 h/adi h­
l!ill!J&), leadingto low freshwater discharge into Apalaehicola Bay 
and higher than nomial salinity measures across several of the 
historically importantoystcr lrnrvcstingrcefs (Havens ct al. 2013). 
A sclies o f previous stu<lie~ have noted positiv~ t:orrelation 
between bigb-salinity drought conditions aud oyster disease­
related 11101inlity (Pi:tes et. Al. 2012). as well as complex 
relatiouships ht:tweeu estuarine freshwater disclrnrge a11cl oyster 
lta1vesl (Wilber 1992, Turner 2006. living.<;ton 2015). We did not 
find con·elations between Apalachicola River discharge measures 
(average monthly. total annual, tota l monthly, or coefficient of 
variation on annual discharge. mean seasonal, or total seasonal) 
and our estimated relative natural mortality rate (M) or oyster 
recruitment rates (example Fig. 6). The overall relationships 
between freshwater !lows, drought frequency and severity, oyster 
recruitment. and harvest dynamics remain unclear. and this is an 
area of ongoing work. 

Management implications: oyster stock rebuilding scenarios 
A key linding fro m simulations o f management scenarios is that 
oyster recruitment likely drives the Apalachicola Bay oyster 
lishe1y. We are uncetiain as to the extent oyster recruitment can 
be influenced by management actions. This is seen in the relatively 



minor effcvt ou risl1ery recovery time from clfon reductions or 
shelling compared with the effect of differing recruitme111 
averages. This uncenaint)' is la rgely because of a Jack of 
understanding o r lhe 1·u11ctiomil relati,:,nships between shelling 
and recruitment. and the inability of our assessment model to 
clearly define recent oyster h::irvest rates. 

Fig. 6. Relative monthly recruitment for 1990-20 12 (\Op panel) 
and relative m1tural morrnlity l'atc (M) for 1990-2012 (hottoin 
panel) versus average monthly Apalachicola River 1.li~charg1: 
((J) measured ~I the 1 J.S. Gct•logical Survey S11111.1tra gauge 
(02.1~9170). 
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Ahh1111gh 111,, 111udel n:~11lts suggc~t 1hat the additi<>n llf shell as 
c.:u llvh matcnal will lrnve a minor effect ,111 lishciy recovery time 
1111dcr avcnigc rccruitincnt levels. we conclude that shell addition 
1tu)y ~till b1: the best management action tufollow. Sltcll i11gshou]d 
rwl he cxpec1cd to guaramc~ recovery of 1lle fishery: but shell 
RJclJtinn wo1old be expecled to reduce the r isk oJ' stock collapse 
in case low rccrnitmcnt co111i11ucs, white allm\illg for continucJ 
harvcsb. A<lJinl!. shell mate1ial as cultc!J would be a critical 
manag.c111cnt action if tl1e cunent shell budget is dclicicn t. w ith 
shell losses o n existing reefs (from harvest-related discard, 
cnvironmcutal disturbances. or other fac tors) exceeding 
deposition of new slwll from the natural mortality of oy:;tl:11>. 
A hhough shell additions mtty restore se.ttlemcnt sites for oyster 
rec, uits. if oyster re<..-ruitment remaim low for ot.her rc,isons. then 
even large amounts of shelling may 1101 lead 10 rapid oyster 
popula1io11 recovery. However. based on our assessment model, 
s ll<!II addition is likely >1 better ma1rngemen1 action to achieve 
stated goa Is of oyste r population and fishery recovery than fishery 
rc<.111,tions or dosurcs. Overall our re;; ults suggest tbat sllllll 
habitat as c ultch should be <1s i;arcfully managed 11s the oyster 
lishery for live oysters a nd that oyste r shel l material. in terms or 
av::iilable area, recruitment of new shell, and prevcntiou of shell 
removal by harvest ors1orms, should bequa11t ilicd and tracked. 
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A lthough rccove1)' o f the Apalachicola Day oyster fishery may 
be possible without m1111ngement actions, this recovery depends 
upon uncertain community dynamics. O ne uncertainty is how the 
fishi ug industry will respond over thb recovery period. Ir the legal 
oyster biomass nimains low, il is possible tha1 fishers will not he 
willing t.o e.~ert high fishing effort g ivc 11 costs associated Wilh a 
day of fishing and low potential harvests. 811ch dccl iucs (vohmta ry 
or otherwise) in effort could hasten recovery: however. oyster 
prices arc C\ll'J'ently at near-record high Jcwl~. and :-tltermnive 
1:lllploymcut opportunities remain limited in this ::irca, If prices 
und lishing effort remain high and increase. respectively. 1he 
c lrnuc~· nf n:t:c1vcry could decrease as recovering oyster stt1cks arc 
,·apidly removed hy hurvesl. 

Management implicntions: po licy 11nd research 
Our swdy suggests at lca$t 1wn policy issues that ttccJ to be 
addJessetl. FiM. it sugg<·sts that intense shelling ( 16'.! ha) should 
he intmedir1tely undertHken each year to co1m1er the risk of 
iffeversiblc fishery collapse. although we arc uncertain at wlrnt 
dcmity theshelliugshould occur topromotclarval sct11cmcnt and 
persistence of reef materinl. In 1986-1987. following J 98:'i's 
Hun-icnne Elena. about 156 lrn of oyster reef in Apalacl1icolA Bay 
was succcssluJly reston:d through a combination of restrictive 
lrnrvcst and shelling at a density of about 472 m' of shell p t:r 
hectare (Berrigan 1990). Witlliu 18 mo nths o r completing this 
restornt ion. t hcsc oyster bars support eel ~87 oys1ers perm' aud 
more tban 22 oysters per m' of legal size (76.2 mm}, lc~ding 
Berrigan ( 1990) to coucludc that the restorat.iuu costs were 
recovered after one harvest season from this are11. Most shell ing 
effom in Apah1chicola Ray bAvc been at va rio us densities and 
much sma ller in scale, usually averaging about 40 ha in sizo. and 
these r<lstonnil,n cJfo11~ haw varied widely iu area and frequency 
in 1he l:ais1 20 yeArs (Fig. 3c). N::ituraJ shell <lepMiti0n 0ccurs 
fol lowing oyster tnort:-llity cvenrs. which may help to partially 
c'<ph1i11 the rapid oystc1 1ccovcry in Apal,1chicolu Ba) tolln\\ 111g 
Hu, rieunc Llena. Other than tile Berrigan 11990) study. 1w nys1e1 
t'•'~loration elfo11s have Ileen rignronsly eva luatcd toinforrn fn111 re 
strategies. such a~ understanding the lnttk-ull hetwcen ~helling 
a ,mall arcll lll a l11g1J slJcll density versui; ~helling a large, area al 

.i J111wr ~hu ll uensity. Because restoration <.:mt. have increl-tsl!d 
greaLly s inc.c llerrigan ( 1990). this type or i1tl't11mation is c ritical 
to iu fo, ming cflc.ctivc rcstora1 ion prnjocts 

Sccnnd. actions (including shelling) ,[w11kl hcdus1gncd 10 provide 
11wre oppm nrnity for learning about the system (Camp Cl ul 
1015). I Jncc!'l11inly in sl.Jclling density i~ precisely linked In 
uncertainty in the total productive aren of the current oyster 
fishety. Swift ( 1898) estimated the total area or commcrdally 
Yiablcoyster bat in Apalachicola Day to bcabout4942 ha, whereas 
Rockwood et al. (1973, HS cited in Wbitliekl and Beaumariagc 
1977) estimated abom 2023-2428 ha iu Apalachicola Bay in the 
early 1970s. More recent survey, of Apalachicola Bay (Twichell 
ct al. 20 I OJ have focl1scd o n the geologic features that support 
oys ter reef;; 11 nd do not provide density estinrntes comparable tn 
those o l' earlier surveys. We assessed availahk geographic 
information system layers and estimated thai tile e:tisting oyster 
reef" area was about 40U0 ha. but we do 1101 have a gootl 
understauding of how the DACS oyster survey data apply to this 
a rc.-1; i.e. , we cannot extnipolatc density estinrntcs from DACS 
surveydaw to lhisentirearcH. Determining whetbertlle total area 
(A,..,,.1) of co111111ercia lly viable oysters has changed i11 
Apalacldcola Day is a key area for futnre work. 



l t is also uncertain what the impacts of lishety practices are on 
the persistence or shell material as cu Itch and sublegal oysters on 
oyster reefs. Swift (1897) warned of this potential for loss of shell 
material in his surwys or the Apalachicola Bay oyster fishery a nd 
suggested that "itis doubtful whether the law regarding the taking 
of small oysters and the culling of the oysters, especially the latter, 
arc strictly complied with by tbc oystermen, yet it is of the greatest 
importance that they should realize that this law should be strictly 
obeyed if they wish to maintain the productiveness of the beds 
and thus insure themselves a livelihood in the foture. ·· Whether 
culling and discarding cu1Te111ly take place on the bars where the 
tonging occurs or in areas olT of tho bar is not kuown . but it is a 
sensible practice to on ly cull in the same location that tonging 
occurs. The key exjsting uncertainties in informing.ma11<1gement 
actions regarding shelling density, productive fishery area, and 
availability and persistence of cnltch material, as we11 as current 
harvest rates a11d effects of changing environmental conditions. 
disease, and oyster predator responses, all likely innuence oyste,r 
recruitment levels that apparently drive the fishery. These 
uncertainties can be addressed. and their reduction is critical to 
infonniog decision making and bolstering the resilience of' the 
Apalachicola Bay oyster fishery (Camp ct al. 2015). 

CONCLUSIO'.'. 
Tl.Jc Apalachicola Bay oyster fishery is currently at the lowest level 
o bserved in recent decades; however, tbis is not the first oyster 
population collapse in Apalachicola Bay (Swift 1898, Andree 
1983, Oerrigan 1990, 1Tavenset al. 2013). 1:ormorethan 120years, 
various rcp011s and workshops have repeated the same key 
uucortainties for oyster reso urces in Apalachicola Bay (i.e .. 
unkrtown total area of oysters, unknown shell budget dynamics) 
aud made the same types of management recommend<1tions to 
address fundamental fishe1y prnctices, such as preservation and 
cultivation of shell subst111ie. seasonal closures. and size limits to 
protect oyster bars from beiug --overworked"' (Table A2.4. 
Appendix 2). These recommendations often highlight recurring 
issues related to poor compliance with existing regulations, 
including high harvest rates of undersized oysters, harvest from 
closed areas, or cull ing and discarding that occur off of oyster 
bars. The results of our stock assessment model suggest tlrnt 
Apalachicola Bay oyster l'esources will respond positively to 
management actions. pan icularly actions that improve 
availability and area of shell substrate. Our simulation results 
suggest that if recruitment does not return to some long-term 
stationary level similar to past averages or if the resilience of the 
Apalachicola Day oyster resource changes over time (Camp etal. 
2015), then these types o f management actions may not be 
effective. 

A variety of state and federal restoration programs totaling more 
than U.S. SI 0 million are currently committed to the Apalachirnla 
oyster fishery and community. The oyster industry is likely to play 
a large role in determining bow these fw1ds are spent. The 
potential exists for res1ora1ion to be effective, given 1he success of 
prior oyster restoration efforts coupled with intensive fishery 
management for oyster resources in Apalachicola Bay (Berrigan 
1990). Although restoration and management strategics arc 
known, whether or not to follow these practices and how to use 
avai lable restoration funds arc choices 10 be made by th.: local 
community that are likely to determine the long-term viability of 
tl1e Apalachicola Bay oyster fishe1y. 
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Responses to this article can be read 011/ine at: 
hn p://www ecolor;,yanctsocie1y org/i:;sue:,/reSJ,)onses. 
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Appendix l. Age-st ructured oyster stock assessment model. 

f/cme t!id; beff ro dmrn!oad file ·m111e11dixl rfo· '. 



Appendix 2 

Age-structured population dynamics model development 

Growth 
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In our age-stnactured model (Appendix 1 ), growth of oysters is first described using standard von 
Be11alanffy growth parameters (Walters and Martell 2005). For Apalachicola Bay, we estimated 
these parameters using incremental growth measurements obtained from oyster growth 
experiments conducted by the Florida Department of Environmental Protection (DEP) dudng 
2004-2009 (J, Harper, DEP, personal communication). We then used the Ford-Brody 
representation of growth (Equation 2), which is a relatively simple bioenergetics model derived 
from the von Bertalanffy assumptions that: (1) anabolic (feeding) rates vary as the 2/3 power of 
body weight, (2) catabolic (metabolic) rates are proportional to body weight, and (3) body length 
varies as the I /3 power of body weight. The ford-Brody a parameter (Equation 3) can be 
expressed in terms of the asymptotic maximum body length L., (Equation 4)_ As noted by 
Walters and Post (1993), L..o represents effects of both feeding and metabolic rates, and is likely 
to vary inversely with population density. Both feeding and metabolic rates are likely to vary 
with water temperature, but lead to the same L.,, if both rates vary with the same Q10 or Arrhenius 
power of temperature. Using these relationships, we expect L,,, to vary with population density 
but not temperature, and p (the slope of the Ford-Brody plot) to vary only with temperature. 
Hence we assume p111=e•Kin to vary in a sinusoidal pattern; variation in Km is due to variation in 
monthly average temperature, and a varies both with density and monthly temperature. In the 
von Bertalanffy model, feeding or filtering rate is assumed to va1y as the square of body length. 

The use of monthly time steps in our age-structured tnodel allows for the incorporation of 
seasonal variation in growth (Appendix Figure A2.1). 1n Florida, there is wide divergence in 
reported oyster growth rates with estimated age (a) of' recruitment to the legal size (76.4 nrn1) 
ranging from about a = 7 months (Ingle and Dawson 1952) to 1.r = 15 months or more (L. 
Stu1mc1 , University of Florida, 1111p11bli~hed 111fonnatio11), Growth has also been reported to be 
seasonal (lngle and Dawson 1952; Hayes and Menzel 1981) with average growth rates of about 
0 05 mm/day in the wmter and 0. 15 mm/day in the summer. We examined a large sample of 
individual Apalachicola Bay oyster growth curves from 2004-2009 (data from J. Harper. DEP, 
personal c.·01111111111il·ation) and did not find evidence for strong seasonality in growth. We fit these 
growth measurements to the Ford-Brody growth model and found best tit with weak seasonal 
growth (Appendix Figure A2. l) and constant L,.. = 90 mm and K = 0.1/mon1h Jt is unclear from 
the literature how strong density-dependent effects on oyster growth might be, and our attempts 
to include density dependent effects on Apalachicola Bay oyster growth did not improve model 
fit 

S11rl'i11a/ 
In our population dynamics model, we assume that survival rates Sa,t ( I = natural mortality) in 
E(Juation 1 were assumed to vary with oyster age and body length, according to the Lorenzen 
survival function (mortality rate inversely proportional to body length). We assumed a base 
natural mortality rate (around 0. I/month) for larger oysters that had reached near asymptotic 
length and applied an annual relative mortality rate scaler (Py, varying around 1.0) to represent 
changes in natural mortality rate (e.g., from salinity, predation, disease, etc.) Based on field 



observations, the net mortality rate of oysters in a dense "clump" may be very low and the oyster 
populations persist for a long time. This is accounted for in our model in Equation 5 which can 
predict a "stagnant" high density situation where L"'l.t has been severely reduced through 
competition when most oysters have reached this length or larger. 

We assumed that the vulnerability of oysters to harvesting (v11,1 in Equation 1) varies with body 
length and the legal minimum length for harvest (in Apalachicola Bay, L1cga1 = 76.2 mm) 
according to a logistic function that represents variation in size at age around the mean length L,1.1 
(Equation 6). Monthly exploitation rates U1 are predicted in our model from fishing efforts using 
a standard Baranov catch equation (Equation 7; Hilborn and Walters 1992). This catch equation 
assumes density dependence and variation in vulnerable biomass in catchability (q) according to 
a type 11 functional response (Equation 8). Note that Equation 8 can represent combined effects 
of nonrandom searching for oysters by fishermen, handling and processing time, and caps on 
daily harvests by regulation or orders from wholesale oyster dealers per oyster license holder. 

In the population dynamics model , information on annual oyster recruitment is required to dri ve 
initial oyster year class size in each year. For Apalachicola bay, we developed a standardized 
index of oyster recruitment using fisheries independent survey data of oysters by 5-mm size 
classes coll ected by the Florida Department of Agriculture and Consumer Services (DACS) on 
the major commercial fishing reefs in Apalachicola Bay (available from 1990-2013). As a tong 
fishery, a fishing trip in Apalachicola Bay consists of a number of oyster tong lifts that each 
"sweep" some area alifl of the bottom. From our assessment of the fisheries- independent survey 
data, it appears tbat when fishing effort is measured by the number of oyster fishing trips 
annually, q varies as predicted by Equation 8. The DACS survey data also provided annual 
estimates of mean legal oyster biomass per unit area D yeur- The catch per trip should thus vary as 
catch-per-unit-ef'tt1rt (CPUE) =a@ x number of lifts per trip x D~-ear• Ir lifts per trip were constant 
and lift locations were random with respect to fine-scale variation in oyster densities, CPUE 
should be propo1tional to Dy..,m· (i .e ., q measured as a1rn x number of lifts per trip should be 
constant). However, when we plot the observed ratio of CPUE to mean DACS density, we see 
instead that the apparent q has increased considerably when densities have been low (Appendix 
Figure A2.2). Apalachicola oyster fishermen have told us that they do indeed stay out longer and 
make more lifts when oyster abundance is low, and typically end each t1ip when their catch 
approaches trip limits imposed by regulations or daily limits based on market orders from 
dealers. 

Recruitment 
Monthly recruitment N 1.1 (Equation 9) to the population is predicted as a function of larval oyster 
settlement (Equation 10, 1 Oa) and available shell material with a density~dependent mmtality 
function applied during the first month of settlement to match observed survival patterns 
(Equation 11 ). We examined an alternative model for l arval settlement where base settlement 
rate was made a power function of the relative spawning biomass index SBt (Equation J Oa). 

Shell Acc11m11lcrtio11 
A key aspect of our population dynamics model is the development of an accounting and 
prediction system for oyster shell biomass and the expl icit linkage in our model between oyster 
recruitment, oyster mo1tality rates, and avai lability of shell material for spat settlement 



(Equations 9-13). This is an original contribution. ln our model, if shell persistence (shell 
survival) is high (Ssh"ll = 0.99) this implies slow deterioration in the shell substrate base available 
for oyster settlement and recniitment. Under sustainable oyster harvesting regimes, the suitable 
shell area AS1 is predicted in our shell budget to approach a nonzero equilibrium value (i.e., shell 
"recruitment" exceeds removals from harvest). However, the possibility of long term 
deterioration in oyster population carrying capacity would result if abundances Na.1 are severely 
reduced through harvesting, leading to declines in AS1• This suggests that there is a critical oyster 
stock size below which the oyster population will tend toward lero unless recrnitment onto the 
oyster bars is assumed to be supported by adult oysters invulnerable to the fishery (the power 
function for larval settlement LS, in equation 1 Oa /3 < 1 0). Early attempts to fit the model by 
allowing/3 to vary always led to /J = 0 (similar to Equation IO), but full use of both oyster harvest 
and relative abuntlance infonnation suggests the opposite result: that /3 is larger and generally 
approaches the constraint /3 = 1 ln our model, Equation 12 predicts that on average the ratio of 
dead shel Is to total live oysters, AS/N, should be near ( l -S1ive)/( I-S~11c11), where S!iv" 1s the average 
of S,._1 weighted by N11i/N. From field observations we have seen highly variable AS/N, but 
typically we see ratios near 1.0. where the number of' recen1ly dead shells is about equal to the 
number of live oysters This implies Sshell should be about equal to S1ive, in the range 0.8~0.9. F01 
our Apalachicola Bay analysis, we assumed a relatively conservative value 0.8 for the analysis. 
Oui- model assumes an exponential form of the larval production rate proporlional to live 
biomass, which implies an overall long term Ricker stock-recruitment relationship (Hilborn and 
Walters 1992) for the population. This allows for depensatory decrease in recmitment at low 
oyster population stock sizes due to the shell area dynamics factor AS, (Equation 13). 

Parameter Sc:a/i11g 
We used scaling parameters (i e., kg,ow111) to link oyster and fishery rate processes (growth, 
<.:atchability, biomass) with oyster abundance as measured by the sum of squared lengths and 
hiomass (Equations J 4-15), Appropriate values for these parameters depend on the units of 
measurement of length, and scaling of overall population size so as to match historical 
abundance and catch data. l'his scaling is simplified by specifying an overall average natural 
recruitment rate~ and corresponding Botsford incidence functions that sum up age speer fie 
quantities weighted by survivorship to age assuming cquilibriL1m (Walters and Martell '2004. Box 
l. l, page 56) for natural survivorships to age x natural age-sped fie quantities (I 2, W; Eguations 
16-22). l11 out model, as RL, is varied by the user or by Solver in Excel (Microsoft Corporation, 
Redmond, Washington), the scaling parameters are varied so as to predict growth and survival 
rates that will make Rl, close to a stable equilibrium value without harvesting. That is, the model 
predicts base numbers and sizes at age Na.o by assuming Na.o = R1,l •. o where 1~.o is natural 
survivorship to age a, given a base or natural growth curve La.o with associated base predictions 
of Ma.o. These base numbers and sizes are used in the model to predict base values for the sums 
over ages that appear in the various dynamic equations. The dynamic equations are then solved 
for the scaling parameters (k) given these base values. Given the season and density effects 
parameterized in the model and obse1ved in the data, this solution for the k values is not exact 
but is sufficient lo avoid strong transient changes as the model dynamics "spin up" over time. 

To further simplify the parameter scaling in our stock assessment model, key quantities li ke 
maximum oyster catchability CJnrnx and body size L JJmnx were assumed as ratios to either base 
unfished values or to likely values at some sustainable fished equilibrium. We specified a base 



exploitation rate U0 in which case tbe population is assumed to have been fished at this rate (and 
to be near equilibrium with respect to it) for enough time for abundances and sizes to have 
reached equilibrium. These initial equilibrium values are used to set Na, 1 (numbers at age in the 
first simulation month) and catchabi lity scaling parameter kq that will g ive a catchability qo that 
insures U,=U0 when effort is at its initial time value E1 . 

Alternative Model Formulation to Check Model Assumptions and Predictions 
We were concerned that the Ricker functional form for density dependent early survival in our 
mode] may have a dome shape, and hence may provide overly optimistic predictions about 
recruitment changes when oyster stock size is reduced. To check this possibility, we ran the 
model with an alternative stock-recruitment relationship ofBeverton-Holtform (described in 
Equations 23-25, final form Equation 26). This alternative model was derived by assuming that 
larval settlement LS1 has a mass-action relationship to both relative egg production (relative 
spawning biomass index SB1) and relative effective shell settlement area A~c,. 

1~·q11ilihri11m Analysis Using Growth Type Group Splitting of Recruitme11t 
We were also concerned that the population dynamics model could give misleading predictions 
of length distribution patterns if the length distribution predictions are based on treating the 
length distribution al each age as " regenerating'' each month by having constant standard 
deviation independent of harvesting effects (Walters and Martell 2004). In reality, faster growing 
individuals from each cohort will reach legal size sooner and be removed by fishing, which 
progressively distrnts the length distribution for each age. The distortion could be represented by 
dividing each cohort into a set of growth types, and tracking size and survival (natural and 
fishing) separately for each group. However; this computation would result in extremely 
complex monthly accounting unless it was used simply to predict average or equilibrium length 
distributions over pe1iods of stable growth and exploitation rate in a growth type group (GTG) 
model structure (Walters and Martell 2004, Box 5.3, p. 121). Using this simplified method, 
equilibrium length frequency predictions were made for five-year periods from 1990-2012. 

The equil ib1ium GTG predictions were constructed by first dividing a typical cohort of N = 1.0 
recruits into 2 1 grow1h types f?, each initialized at l month age to N g.I = p(g) recruits where p(g) 
is the proportion of recruits assigned to group g . All groups were assumed to have the same von 
BertaJan.ffy K value, and distinct maximum lengths Lc.0(g) given by L(J;(g) = Lw[l +CV 1'.!.(g-11 )] 
where CVL,,, is the standard deviation ofL,J) among individuals (we assumed CV= 0. J) , We also 
assumed that 1'.!. is the standard normal distribution increment between groups and we set 1'.!. such 
that the groups vary in Lrn over two standard deviations from average, with g = 11 representing 
the average group. Applying the von Bcrtalanffy growth equation by g and age results in a 21 x 
36 matrix L g,u of predicted lengths at age, we then applied the basic survival equation (Equat1on 
1) to each group over age to predict the 21 x 36 matrix Ng,a, using the Lorenzen size-dependent 
survival rate for each Lg.a (Equation 5) and vulnerability vg.a to fishing set at 0 ,0 for predicted 
lengths at age < 75 mm and at 1,0 for lengths 75 mm and larger (approximate Legal size of 
harvest in Florida). Finally, the equilibrium length distribution was obtained by simply summing 
all the N g.a by 5-mm length bins, with length bin assignment detennined by the L11,a lengths. 

Pop11/alio11 Dynamics Model Parameter Estimation for Apalachicola Bay 



Our basic approach to estimate as many of t11e model parameters as possible involved (I) 
estimating oyster growth and recruitment timing parameters from independent data sources and 
inputting these values, then (2) fitting the model to a set of time series data using a "stock 
synthesis" approach where the model equations are solved over time given only initial stock 
structure, effo11 time series, and relative recruitment and mortality time series. This is a harsh test 
of the model structure, since the equations could easily diverge greatly from patterns evident in 
1he data if the model parameter values were far off 

Three lime series were available for estimation of model parameters for the Apalachicola Bay 
oyster population: (l) monthly meat weight of oysters landed Cr for 1986-201 2. (collected by 
FWC). (2) montl1ly fishing efforts (daily fishing trips) Er for these same months (collected by 
f'WC), and \3) annual survey estimates for 1990-2012 of absolute density of oysters 
(nwnbers/m) by 5-mm size increments, from 10-40 0.25 m2 quadrats per year (collected by 
DACS). We aggregated the DACS survey densities by size to numbers of sublegal (20-75 111m) 
and legal (> 75 mm) oysters per m2 The more detailed 5-mm interval leO!:,>th distributions were 
compared to model -predicted distributions only after fitting, since these detailed dist1ibutions are 
"contaminated'' by interannual changes in seasonal timing of recruitment not fully captured in 
rhe basic model. 

Unfo11unately, the DACS data cannot be used directly to estimate total population size, since the 
total oyster bar area to which the sampled densities apply is not known. Estimates of oysle1 bar 
area based on geological sampling (Twichell et al. 2006, 2010) and available GIS layers 
(Apalachicola National Estuarine Research Reserve; January 2013) suggest a total area A10131 of 
at least 40 km\ whereas the DACS density estimates and fishery catch data imply that the 
observed catches might be coming from as little as 2-4 km2 of productive bottom, In directly 
comparing the DACS data to catches, we noted a useful conversion factor: a DACS legal density 
(> 75 mm) of10/n/ corresponds to a live weight harvestable biomass of 0.45 kg/m2 

( I lb/nl), so 
densities of30/m2 represent about 4" 1_402 kg/km 2 

( I million lb/km2
) 

\lso unfortunately, only a few of the DACS sampling areas have been visited consistently s111cc 
199() (Table I) and these areas are known only based on the.: name of the oyste1 bat and nol a 
specific location on the bar This creates a need to estimate missing area-year data combinations 
based on persistent differences among areas and shared temporal patterns (Equation 27). Fishery 
CPUE (Ci/E1) has varied less than the DACS legal density estimates DL~ over time (Appendix 
Figure A2.2), suggesting as indicated above that CPUE has been strongly hyperstable (i .e., 
CPUE does not decline as fast as abundance). 

Based on Ollr growth assessments, the majority ofsublegal oysters (OS,) counted in any year of 
the DACS survey data probably did not become legal until the next year (average sublegal length 
was about 40 mm, implying about a year to reach legal length} This suggests Lhat the ratio 
D~ 1/DS1 is a reasonable estimator of the annual survival rate of sublegal oysters and M = -
ln(DLy+1/DS1)/12 is a reasonable estimator of the monthly natural mortality rate of sub legal 
oysters. Indeed, we would not even attempt to estimate the annual relative mortality multipliers 
P_y in Equation 5 if it were not for the direct information about annual carryover rates evident in 
!be DACS data. The most realistic average mortality rates were obtained when the model Mu 
value was set to 0.1/month (Appendix Table 3). 



Populatiu11 Dynamics Model Estimation Procedure.for Apalachicola Bay Oyster Fishe,y 
We maximized a concentrated log likelihood function for the time series data (Equation 28) 
using Solver, by varying the following parameters: 

{Ro, lo, Uo, qmnx, Mo, P1<>s6-P2012, RY1'>1>6-RY2012} 
where R0 sets the basic simulated population scale, 10 determines resil ience (how low the 
population can be driven before recruitment fai ls), base exploitation rates Uo and q,nax detennine 
average monthly exploitation rate U1 given effort E1 and harvestable biomasses B,, Py drives 
interannual variation in natural mortality rate, and RYy drives interannual changes in relative 
recruitment rate. Note that we would not ordinarily try to estimate both fishing (Uo, qmax) and 
natural mortality (M0) rates at the same time, but having sub legal and legal density estimates 
from the DACS data makes this possible. As recommended by Walters and Ludwig (1994), 
SSoAcs (Equation 29) is evaluated at the conditional maximum likelihood estimate of qs. As an 
al ternative to this SS that assumed qs to be unknown, we note that given the DACS units of 
measurement (counts/ni2), qs can be interpreted as l /A,01111, where A1u1111 is the total productive area 
of the fishery. For some fitting trials, we froze Aro1al to various reasonable values, ranging from 
2.0 km2 to 10 kni2. The "penalty" tenns for recruitment and survival anomalies (Equations 30 
and 3 I) are t11e same as assuming RY y and PYy = l,Y, where /;y is assumed to be normally 
distributed with mean zero. 

The estimation criterion defined by Equation 28 requires an estimate of the four cr2 variances: 
catch, survey abundance, recruitment, natural mortality. However, we were unsure how to 
estimate these variances, or what to assume about their structure, We initially attempted to 
estimate them as additional unknown parameters [by changing from SS/variance to (n/2)ln(SS) 
tenns in Equation 28, thus evaluating the normal log likelihood terms at their conditional 
maximum likelihood variance estimates], but this led to unrealistically high estimates of RY) 
variation and no variation in Py, basically "ignoring'' evidence of mortality variation in the 
DACS data in favor of fitting the catch data more precisely. To force the model to better fit the 
DACS data, we assumed relatively high variance in the catch cr2c =1 .0, and low DACS variance 
cr2oAcs=0.04 based on coefficient of variation of the annual abundance estimates of around 0.2 
based on observed variation in densities among bars sampled each year. We also t ri ed various 
combinations of values for cr2

RY and cr\, generally in the range 0.1-l .0, to represent alternative 
hypotheses about how much of the observed variation has been due Lo recruitment versus 
survival variation . 

Age-stmctured Population Model Results 
Model estimates of natural mortality (M0 = 0.095/month) and exploitation rates (averaging 5%-
10% per month) from our stock assessment model are quite reasonable and the qs estimate 
implies a productive area of around 2 kn/. When we used the Beve11on-Holt formula ti on for 
recruitment (Equation 26), best fits were obtained at unrealistically high unfished recruitments 
R0 (huge productive area), low productivity (n), and unrealistically low ex ploitation rates U1. 
That is, the Ricker stock-recruitment formulation indicated a small, productive stock while the 
Beverton-Holt indicated a large, unproductive one. 

The DACS data represents the best available information on trends in abundance and oyster size 
composition of areas fished. Because of uncertainty in the total area (A101n1) of oysters to which 



the DACS surveys apply, we systematically va1ied A101a1 from low to high while allowing all 
other model parameters in the model to vary_ This was done to try and detem,ine whethe r the 
fishery was supported from a small highly productive oyster population or a large low­
productivity oyster population. It resulted in almost identical fits to the catch and survey data 
from either the small productive or large unproductive oyster stock scenario (sums of squares 
based on the catch data or the DACS survey data, Equation 23). for both scenarios (small 
productive or large unproductive) the best model fits (lowest sums of squares, Equation 23) show 
a substantial increase in the Apalachicola Bay oyster population from 1990 until about 2000, 
ihen a persistent decline (Appendix Figure A2 3). Estimated exploitation rates during this time 
period of increasing population were lower during the years 1990-2000 than in recent years when 
oyster populations have declined (Figure 4; Appendix Figure A2 .3) How were the same results 
and model fits found from models with very different A1ntn1? For the large, low productivity stock 
scenario (high vah,es of A1111a1) the best model fit was made by estimating high M0 and by 
atiributing the patterns in oyster abunda11ce and landings mainly to large recruitment and 
mortality anomalies (SSv, SS11.v components of the likelihood function, Equation 23). For the 
small, high ly productive stock, the patterns in oyster abundance and landings are a11dbutcd by 
the model more to effects of fishing (i e_, estimating low exploitation rates during the rnid-l 990s, 
much higher exploitation rates at present), leading to considerably smaller recrnitment and 
natural mo11ality anomalies and hence lower SSr, SSns in the likelihood function (Equation 23). 

We had hoped that close examination or the DACS length frequency data for legal oysters would 
demonstrate changes in exploitation rate, at least between the lower exploitation period of the 
mid-1990s compared to the higher exploitation from about 2008-2013, through reduced relative 
abundance of larger oysters in the high exploitation period (Figures 4 and Appendix Figure 
A2.3). However, the data show no such pattern: if anything they seem to support the hypothesis 
that monthly exploitation rates have never been high enough to severely distort the size 
distribution based on the available data. As an example, a comparison of predicted and observed 
length frequencies for oysters by year suggests either no change, or possibly that survival rates to 
larger sizes were lower in the early to mid !990s than indicated by model estimates of 
~xploitation rates (Appendix Figures A2.4 and A2 \ see 1992-99 as examples wl1e1e 
observations are lowet than predictions for legal size oysters) 

Compa1ison of the full model length distributions to DACS lengtlt frequencies (Appendix rigure 
A2.5) shows that the model does not cotTectly predict the observed sublegal (< 75 mm) size 
distribution in late fall for most years_ The model predicts a more pronounced peak in the size 
distribution near 40 mm (Appendix figure A2.5, solid line) than was observed in most years 
(Appendix Figure A2.5, dots), indicating a wider spread in seUlement timing than assumed for 
recent years the observed length distribution bas peaks at smaller sizes ( 15-20 mm), presumably 
representi ng later seasonal timi ng of successful settlement than assumed in the model The late 
settlement years in the DACS data ( 1993, 1995, 2000, 2002, 2005-20 l l) are not obvious] y 
t:on-elated with any known environmental factor such as Apalachicola River discharge (average 
monthly, total annual and total monthly, CY on annual discharge, mean seasonal, or total 
seasonal). We could have forced the model to fit the juvenile patterns more closely by estimating 
a set of t1uisance parameters representing annual recruitment timing variation, but this would not 
change the model 's basic predictfons about abundance trends and harvest impacts, and would 
instead give a false impression about the model's precision in explaining observed data 



Growth Tj;pe Group Model Results 
The equilibrium GTG model gives average exploitation rates by 5-year period si milar to those 
resulting from fitting the age-structured model with A101a1 =5 knl (Appendix Table A2.2), 
provided the natural mortality parameter M0 is set to 0.1 (M = K assumption, also best M0 from 
that same age-structured model fit) . These fits were obtained by visual comparison of the model 
and observed legal length proportions (Appendix Figures A2.4 and A2.5). For alternative 
estimates of the monthly exploitation rate, comparisons based on a binomial likelihood 
comparison of observed and predicted propo1tions resulted in somewhat higher exploitation 
rates, for reasons that are unclear. Unfortunately, the reasonable agreement between the age­
structured and GTG model predictions is not good evidence that the monthly exploitation rate is 
indeed low, since the best GTG estimate of exploitation rate is highly sensitive to the assumed 
M 0 ; lower exploitation rates are obtained when M 0 is increased and higher rates when it is 
decreased. Absent independent estimates of M from unexploited populations, the GTG model 
does not resolve the issue of how large the productive area A,0101 really is. 



Table A2. J. Model equations 
Acco1111ti11g equations 
Equation I Nn, 1,1 1 =Nu.1S11.1( l -V11.1U1) 

Equation 2 

Growth e,1IwlIu11.\ 
Equation 3 a1 ( l-f)m)L .1 

Equation 4 L, .i=L,,musl( I +kg,~m1112:N,1.1L11 /) 

S111Ti11a/ equations 
Equation .5 Sn.1=exp{-PvM,,LJ .i/1 ,111 } 

1 11/11erah1/,~1· lo lit1n1e1t 

Equatrnn (, Yu.I I/( I tcx p{ - ( 1,iu· l~1~g11l )/sn:) 

L:,quation 7 

Equation 8 q,=qnu,xl( J +k11B1) 
where B1=l:8Na.1Wa.1V.r.1 

Oyster population numbers at age a and time t . 
S,.,1 is the monthly natural survival rate of age a 
oysters in month t, v8•1 is the relative 
vulnerability of age a oysters to harves4 U1 is 
the monthly exploitation rate offully vulnerable 
oysters in month t 
a, is the Ford-Brody (incremental von 
Bertalanffy) growth intercept (or siLe at age I 
month) parameter, and p111 is the ford-Brody 
metabolic parameter (equal to e·K where K is the 
monthly von Bertalanffy metabolic parameter 
for length growth). New recruits N1., are added 
to the population each month, at body length a., 

rord-Brody growth intercept 
Lnnnx is the maximum asymptotic length that 
would be achieved at low population densities, 
kgrm1111 is a scaling constant for effect of 
population density, an<l ~N0,,Lu} is the sum of 
numbers at age times L2 as an index oC relative 
feeding 

Natural survival rates, assumed to vary with age 
and shell length, M1, base natural mortality rate 
(around 0.1/month). L,,.1 is the time and possibly 
density dependent maximum lc11gth (equation 
4 ). and P, is 11n annual relntive moriality rate 
scaler. 

Vulnerability of oysters to harvesting {va.1) 

represented by logistic function that represents 
variation in size at age around mean length Ln 1 

where s11=CV /1 . 7 x L1: wi lh CV around 0. 13 
represents variation in length at age. An Su of 
around 5 implies len6>1h at age near the legal 
size varying with a standard deviation of around 
5/1.7 or 2.9 mm 

Monthly exploitation rat.es U1 are predkte<l from 
fishing efforts E1 
Wa.r=\Veight at age, qmax is maximum 
catchability (fishing mortality rate per unit 
effort) at low stock size, and k11 is a scaling 
constant such that q is reduced to qmax/2 when 



Recrnitmenl and shelf accumulation 
Equation 9 N 1.1 =LS, AS, SLi 

Equation 10 

Equation 
IOa 

Equation 11 

Equation 12 

Equation 13 

LS1=loRvR111SB1 
where S-B, =taNa.tL3 

u.1 

R111=spawning component x 
predation component 

AS1- 1=Sshc11AS1 +kshcllLaNa.1(1-
Sn,t)Lo/ 

B1 is half of its unfished level (i.e. kq=2/Bo 
where Bo is the predicted average biomass of 
the stock absent harvesting) 

N 1-1 = monthly recruitment where LS1= annual 
and seasonally varying larval settlement per unit 
suitable shell area, AS1-=e: suitable shell area 
generated from natural mmtality, SL,= density­
dependent survival of pre or post settlement 
juveniles. 
LS,= Larval settlement rate where, 10 = average 
settlement rate, Ry= interannual variation in 
larval production estimated from data, Rm 
monthly variation in spawning and predation 
rate on larvae and spat, SB1 spawning biomass 
that is propo1tion to body weights at age 
Alternative model for larval settlement 
assuming a power function of SB,. Power 
parameter~ represents possible density 
dependence i11 larval or early juvenile survival 
rats, and/or delivery of a substantial proportion 
of the larvae from non-harvested spawning 
sources (e.g. i11tertidal areas where oysters 
never reach legal size). 
Monthly variation in spawning and predation 
rate set by user in spreadsheet model to vary 
seasonally following either a unimodal spat 
settlement pattern peaking midsummer, bimodal 
reciuitment pattern with high mid-summer 
predation loss, or unimodal spring or fall peak 
with high predation rates in spring or fall 
(patterns similar to Appendix Figure A2. l ). 
AS, = Shell area available for recruitment 
following a balance rate of shell survival S survival 

(persistence of old shell) and recruitment of new 
shell due to natural mortality of live oysters 1-
Sa.r- k s11e11 is an arbitrary area scaling constant = 
J 0·4 

_ By summing over ages of numbers, times 
squares oflengths, this represents age-size 
va1iation in shell area per dying oyster 
Density-dependent effects on larval survival 
and/or survival over the first month after 
settlement. kctensity is a scaling constant for the 
effect per unit Ii ve oyster area present on 
survival rate. 



Scaling paramelers 
Equation 14 l 1.0= I 1 .r.s11ui= I . 0 

l,.,o=l,_1.oS,_1,0 a > I 
Equation 15 ln.Jishcd=la-l.fohQclSa-1,0(1-va.OUo) 

Equation 16 
Equation 17 
Equation 18 
Equation 19 

where a> l 
cp1-.2,o=r,l,,.0L11.0

2 

cpsr 1,o=kshcl1Lala.o( 1 Sn o) Ln./ 
cp13.o=ru1H oYu,oWuo 
q>i:.o=!:aln.ovl.311.0 

EquaHon 20 kgw\\11,=(L, .11111:-/L" .o-1 )/( Ro 
1Pl-".o) 

Equation 2 1 ky=( Clm,,~/q1,- l )/(R1,(j)u.o) 

Equation 22 kt1cfls11v=-l n l ( l -
Ssho11)/(lo(jlsH.o) l/(R., (j)I 2.0) 

/Je1,•erto11-Ho/1 stock recmitmelll 
Equation 23 LS1=kSB,A~.,1 

Equation 26 N11=0R.vR,11SB1A 
Stl[l+AS1(~ q3SBi] 

Equation 27 Ln(Dx.y)=px+t:y ~ e.._, 

Unfished survivorship to age 

Fished survivorship to age 

Incidence function, squared lengths 
Incidence ft1nction, shell production 
Incidence function, vulnerable biomass 
Incidence function, relative spawning biomass, 
equation 10 
Growth scaling t:onstants based on asswning 
recruitment R0 , given P=O 
Catchability scaling constants based on 
assuming recruitmenl R.,, given P=O 
Density scaling constants based on assuming 
recruitmet1t Rtl, given P=O 

LS,= larval settlement at time t related lo both 
relative egg production SB, and relative 
effective shell seLtlement area As,;1 and a 
constant k 
Predicted reciuitment following density 
dependent mortality of spat following 
settlement 
Equation descnb1ng the relationship.between 
effective shet1 settlement area A,.,, and shell area 
AS1 where~ is a constant !hat determines the 
shell area needed to achieve half of the 
maximum possible effective settlement area ( I/<; 
15, the shell a,~a needed to obtain Asc1=0.5, 1/2 uf 
its maximum l 0) 
Simplified Beverton-f Iott stock recruitment 
function based on relationships in Equations 23-
25 after combining constants and including 
seasonal and annual relative recruitment 
multipliers (R~,, R111) where o represents the 
steepness of the slock-recrnitment relationship 
and~ represents density-dependent mortality 
effects. Other terms as defined previous. 
Log-linear model used to estimate oy:-ter 
densities for different area-year data 
combinations. Dx.y is the obse1ved mean density 
for area x in year y, e-x.y is combined process and 
sampling error for that observation, area means 
~tx were estimated as the mean density for each 



Estimahon procedure 
Equation 28 lnL= -0,5[SSc/cr2c+SSo,\cs/crJoAcs 

+ SSRvlcr\s+SSp/cr\,] 

Equation 29 

Equation 30 
Equation 31 

SSoAcs=2.:y[ln(DSy/NSy)· 
ln(qs)]2+Ey[ln(D~INLy)­
ln( q.)]2 

SSRv =I.,ln2(Ry) 
SSp=I:vl~12(Py) 

area x over time, while the year effects t y were 
estimated as the mean of the deviations Dx.y- ~lx 

in year y from the overall mean densities for the 
areas sampled in year y. coJTected density 
estimates D 'x,y=exp(µx+t y) were then averaged 
using stratum weights equal to estimated bar 
areas for each x to give weighted density 
estimates DSy for sublegal sized oysters and 
D Ly for legal sized oysters for each year 

Log-likelihood function for time series data 
assuming log-normal variation in all observed 
quantities, recruitment, and mortality anomalies 
and weighting the sums of squares deviations by 
assumed variances . 
SSDACS calculated by assuming observed values 
have averages proportional to model sub legal 
and legal abundances (NSy and NLy) obtained 
by adding abundances over the simulated age 
structure in an index month (August) each year, 
with constant of proportionality or survey 
catchability q5 (q5 is interpreted as the inverse of 
the number of square kilometers of oyster bar 
habitat at DACS densities needed to produce the 
model abundances). The MLE ln(qs) is the 
arithmetic average over all DACS estimates of 
the ln(Dy/Ny) ratios. 
Penalty term for recruitment anomalies 
Penalty tenn for recruitment anomalies 



Table A2.2a-d. Estimates of raw and interpolated mean oyster density (number/m2
) for sublegal 

(20-75 mm shell length) and legal (> 75 mm) oysters from Florida Department of Agriculture 
and Consumer Services surve~s on major o~ster bars in Aealachicola Bat 
(a} Raw mean oyster densi~ (numberlm'} for subleg;al o:tsters 

Eleven 
Cat Dry East Mile Lighthouse Nonnans Platfo1m Porters 

Point Bar Hole Bar Bar South Bar Bai 
1990 267 4 166 0 108. l 
1991 220.2 257.4 158 7 244.8 340.9 
1992 274.9 242.0 237 1 315.6 502.4 
1993 237 5 15 1 8 333.4 246.0 298.0 140.8 
1994 287 7 305.4 525 2 132.1 214 9 332.8 152.9 
1995 180 7 216.8 721 4 119.6 256.8 144 9 
]996 341 6 225.4 293 8 5 16.9 430 S 
1997 377 7 122.7 460 8 106.4 360.4 329.2 
1998 191 7 105.8 174 I J 17 2 320 4 
1999 2441 562.8 443 6 246,0 I Q2 I 
2000 379 l 199.6 332 8 
200 1 266 I 5 16.8 415.2 138 4 
2002 286.4 412.8 2 11 .6 62.5 85.2 
2003 353.7 283.2 167 2 164.8 184.8 
2004 68] .7 144.1 685.8 40.0 657.4 
2005 180,3 119.7 184.0 92.9 
2006 178.0 500.4 124.4 462.4 42.5 
2007 350.5 6] 8.4 158.8 253.6 168.0 
2008 148.6 4 18.6 198 6 200.2 170 0 189 l 256.4 253.3 
2009 154 1 261.9 186. l 169.5 229.7 172 7 
2010 172 I 242.1 247 2 139.9 109 2 224 I 439.7 
2011 587 9 401 :! 297 6 
?()(2 48.5 80 0 J4 5 1()4.9 2 19.6 



(b) lnterpolated mean oyster density (number/m ) for sublegal oysters using log-linear model 
with bar and :rear effects 

Eleven 
Cat Dry East Mile Lighthouse Normans Porters 

Point Bar Hole Bar Bar South Platfonn Bar 
1990 168.2 170.3 165.9 95,0 172.0 186.8 213.8 113.4 
1991 225.1 227.9 222.0 127.1 230.2 250.0 286.2 151.7 
1992 325. l 329.2 320.6 183 .6 332.5 36 I. I 413.4 2 l9. I 
1993 233.6 236.5 230.3 l 31.9 238.8 259.4 297.0 157.4 
1994 285.5 289.0 281.5 I 61.2 291.9 317.0 362 9 192.4 
1995 272.4 275.8 268.6 153.8 278.5 302.5 346.3 183.6 
1996 338.5 342.7 333.8 19L 1 346.1 375.9 430.3 228.1 
1997 273.8 277.2 270.0 154 6 280.0 304.0 348.1 184.5 
1998 199.6 202.0 196.8 11 2. 7 204.1 22 l.6 253.7 134,5 
1999 302.7 306.5 298.5 170,9 309.5 336.2 384.8 204.0 
2000 293.2 296.9 289,2 165.6 299.9 325.7 372.8 197.6 
2001 329.2 333.3 324.6 J 85.9 336.6 365.6 418.5 221 ,9 
2002 203.7 206.2 200,9 115,0 208.3 226.2 258.9 J 3 7.3 
2003 266.4 269.8 262,7 150.4 272.4 295,9 338,7 179.6 
2004 341.8 346.0 337.0 193.0 349.5 379.5 434.5 230.3 
2005 153.0 154.9 150.9 86.4 156,5 169,9 194,5 103. l 
2006 224.7 227.5 221.6 126.9 229.8 249.6 285.7 151.5 
2007 329.1 333.2 324.5 185.8 336,5 365.5 418.4 221 .8 
2008 235.3 238.3 232,1 132.9 240.6 261.3 299.2 158.6 
2009 217.0 219.7 214.0 122.5 221 .9 241.0 275.9 146 3 
2010 245.6 248.7 242.3 138.7 251.2 272.8 312.3 165.6 
2011 396.7 401.6 391.2 224.0 405.6 440.5 504.3 267.3 
2012 87.2 88.3 86.0 49.3 89.2 96.9 110.9 58.8 



{c) Raw mean o~ster densit:t {number/m } for legal o~sters 
Eleven 

Cat Dry East Mile Lighthouse Normans Porters 
Point Bar Hole Bar Bar South Platfo1m Bar 

1990 23 4 17.3 11.9 
1991 l 7.0 I 6.4 14.8 40.8 45 5 
1992 20.7 22.4 18.2 51.6 49.6 
1993 41.9 30,6 63.8 126.8 134.0 24.8 
1994 29 .7 18 5 83.2 23 .9 48.3 98 0 44 9 
1995 46.4 45 .6 184.4 92.8 74.8 87.9 
1996 31 0 77.8 203.6 133 9 209.2 
1997 'i6.5 46.9 82.8 512 JOI 6 169 6 
1998 34.8 35.4 58.9 61 .6 1004 
1999 33 .7 24.0 34.4 45 .6 79.9 
2000 81 ,0 168.0 93.8 
2001 41.J 59.2 54.4 62.4 
2002 24.1 103.6 32.0 32.7 23.6 
2003 31.4 45.2 18.0 32.8 17.2 
2004 38.6 40.5 40.2 47.2 18 l.6 
2005 29. 1 17.3 48.2 .55.9 
2006 45.0 49.0 23.2 61.6 8.3 
2007 37.0 68.7 42.8 36.0 18 
2008 36.2 42.1 32.3 59.0 40 4 41.6 48.4 35 9 
2009 20.6 I 8.4 18.5 27.6 18.9 11 c; 
2010 19.7 24 4 25 6 34 3 33 2 32.7 515 
2011 24.3 29.6 75.2 
2012 I S.9 20.0 I (i J 48 J 40.0 



(d) Interpolated mean oyster density (1mmber/m ) for legal oysters using log-linear model 
with bar and ,Year effects 

Eleven 
Cat Dry East Mile Lighthouse Normans Potters 

Poi nt Bar Hole Bar Bar South Platfonn Bar 
1990 13 .0 15.4 16.8 17.4 22.1 34.4 18.7 13 .0 
1991 18.3 21 .7 23.5 24,5 31.1 48.3 26.3 18.2 
1992 24.2 28.7 31.2 32.4 41.2 64.0 34.9 24.1 
1993 41.4 49. 1 53.3 55.4 70.4 l09.4 59.6 41.3 
1994 30.6 36.4 39.5 41.0 52.1 81 .0 44.1 30.5 
l995 60.2 71.4 77.5 80.5 102.4 159.0 86.7 60.0 
1996 72.5 86.0 93.4 97.0 ]23.3 191.6 104.5 72.3 
1997 52.5 62.4 67.7 70.3 89.4 138.9 75.7 52.4 
1998 36.6 43.4 47. 1 48.9 62.2 96.6 52.7 36.5 
1999 27.1 32.2 35.0 36.3 46.2 71.7 39.1 27. l 
2000 94.1 11 J. 7 121.3 126.0 160.2 248.8 135.7 93.9 
2001 48.2 57.3 62.2 64 6 82.1 127.5 69.5 48. l 
2002 31.3 37.2 40.4 4J ,9 53.3 82.8 45.1 31.2 
2003 23.4 27.8 30.2 31.4 39.9 61.9 33.8 23.4 
2004 48.3 57.4 62.3 64.7 82.2 127.7 69.6 48.2 
2005 30.7 36.5 39.6 41.l 52,3 81.2 44.3 30.6 
2006 26.4 31.3 34.0 35.3 44.9 69.8 38.0 26.3 
2007 32.2 38.2 4 1.5 43 .1 54.8 85.1 46.4 32.1 
2008 29.9 35.5 38.5 40.0 50.9 79.0 43.1 29.8 
2009 15.6 18.5 20.1 20.8 26.5 41 .2 22.4 15.5 
2010 21.0 24.9 27.0 28. l 35.7 55.4 30.2 20.9 
20 l l 25.8 30.6 33.2 34.5 43 .9 68.2 37.2 25.7 
2012 17.1 20.3 22.0 22.9 29.1 45.2 24.6 17.0 



Table A2.3. Estimates of monthly exploitation rate from the age-structured model with A1orn1 = S 
km 2, compared to estimates from fitting the growth type group model to the average legal size 
distribution over 5-year periods. 

Period Age model GTG model 

1990-1994 0.067 0.06 
1995- 1999 0.02 0.04 
2000-2004 
2005-2009 
2010.2012 

0 03 

0 045 
0.075 

0 02 

0.06 
0.05 



Table A2.4. Apalachicola Bay oyster resource management recommendatjons compiled from 
reports from local symposia or agency assessments. 
Swift 1898 

• Maintain dredge fishery ban 
• Extend harvest closure period to April 15 through October 15 in order to protect early 

spawning season 
• Adhere strictly to laws regarding culling and taking of small oysters 
• Improve enforcement of harvest laws and laws protectjng oyster planters 
• Break up and separate transplanted clusters of overcrowded oysters in order to improve 

growth 
• Use shell as cultch for new planting locations to create productive beds 
• Add cultch to depleted beds and a11ow to recuperate for a year or two 
• improve communication with oystennen to reduce mistrust of planting laws 

Whitfield and Beaumariage 1977 
• 

• 
• 
• 

• 
• 
• 

• 

• 

• 

I 

• 

Balance protection of resources and enhancement of product marketability through 
technological innovation and modernization of industry 
Develop non-destructive mechanical harvesting technology 
Construct state-sponsored oyster fattening plants to allow year-round culture 
Shorten harvest season to November 1 through May 1 

o Refuse demands by oystermen for legislation allowing year-round harvest 
Adhere vigorously to harvest regulations 
Amend anti~leasing laws to encourage private management and reef development 
Continue State-directed construction of new oyster reefs and rehabilitation of existing 
reefs 
Inform general public on impacts of development and upstream health on coastal 
economy and food production 
Have resource managers work closely with resource users to implement management 
plans 
lnitiate FDA-sponsored oyster marketing and sanitation inspection program to improve 
product quality 
Expand sanita1y surveillance of harvesting waters 
Discourage further development, channelization, and dam construction on Apalachicola 
River 

Andree J 983 
• Environmental effects on productivity of oysters 

o Correlate biological productivity of oysters with rainfall, salinity, density of 
predators, and other envj ronmental parameters 

o Map substrate bottom types and locations in order to improve oyster cultch 
planting efforts in suitable locations 

o Examine sedimentation and current scour in relation to oyster spat survival in 
order to improve reef construction site selection 

• Management and regulation of ti shery resources 
o Re-examine laws on undersized oyster harvest, oyster transport, and summer 

harvest to make law enforcement more efficient 



o Re-examine potential for submerged bottom leasing in unproductive areas that are 
not likely to be developed by the state's reef constniction pro!,>ram 

o Continue Florida Department of Natural Resources oyster reef construction 
program, but improve site selection, construction methods, and reef monitoring 

o Improve communication between state agencies, researchers, and the industry 
through an annual forum, possibly led by the Aµalachicola National River aud 
Estuarine Sanctuary 

u Develop better economic guidance for oyster dealers and oystern1en 
P Create functional long range resource use plan for oysters 

• Maintenance of a quality product for the market 
o Increase cooperation between law enforcement, management agencies, 

oystermen, and oyster dealers to reduce undersized oyster harvest 
n Establish water quality control procedures in oyster processing houses 
o Develop simple, adequate test for Vibrio bacteria in oyster meats in order to avoid 

costly consumer scares 
• Miscellaneous discussion 

o Potential for hybridization and genetii; manipulation 
o Exploration of alternative and "non-traditional" seafood products 
o Preliminary oyster " relay" prqjects highly successful 

Arnold and Berrigan 2002 
• Florida FWC should closely monitor ACF R.iver Basin Allocation Formula agreements 

between Florida, Alabama, and Georgia, and should intervene to protect oyster resources 
ln Apalachicola Bay if these freshwater allocations threaten them 

11 Florida FWC should carefully manage other Florida oyster resources to ensure that 
alternative sources are available if/when natural or an1hropogenic factors result in lhe 
collapse of Apalachicola Bay oyster poplllations 

I luvcns et al 201 _s 

• 

• 

.. 

Mo111tori11g 
o Cont1niw m1mitoring oyster landi11gs a11d expand lishc1'i'es independent 111011,tonng 

program 
o Include oyste1s in list of species routinely assessed by FWRI 

Management and restoration 
o Improve acceptance and enforcemen1 of rules regarding size limits, spatial 

restrictions, and seasonal closures 
<> Explore oyster leases as possible alternative to open-access fisheries (e.g. 

Territorial User R.ights Fisheries) 
o Evaluate efficacy and cost effectiveness of different shell planting materials and 

strategies, and expand cultching efforis 
o Tnvolve state agencies and university experts in long-term fishery management 

process 
<> Evaluate "relay'' practices and potential for recniitment overfishing 

Research 
o Identify optimal approach for monitoring long-term oyster characteristics 
o Quantify interactions of oyster population dynamics, product quality, and the 



fishery with river flow, nutrients, salinity, harvesting intensity, and restoration 
methods 

o Assess oystennen harvesting practices and adaptation to changes in oyster 
abundance 

o Use ECOSPACE model to identify effects of varying flow regimes and flow 
alternatives on oyster population dynamics and harvest potential 

• Outreach and education 
o Develop community-based outreach and education progratn 
o Involve oyster harvesters and processors in research and restoration projects 

• Miscellane-ous discussion 
o Exploration of alternative and "non-traditional" seafood products 
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Figure A2. l. Monthly relative recmitment (a) and growth patterns (b) assumed for oysters in 
Apalachicola Bay, Florida based on empi1ical assessment of growth patterns and literature 
review. 



Apparent catchability vs. Oyster density 

(D 

-----z.. lD 

..0 
(1J 
.c 
u ,q-
ro 
(.) 

QI 
> C"') 

~ 
(D ,._ 

~ w 
N 

::J 
Cl.. 0 

0 ..-

0 

20 40 60 80 100 

Legal Density ( oysters m
2
) 

Figure A2.2. Density dependence in relative catchability q as evidenced by variation in mean 
annual catch per unit effort (CPUE), measured as trips per year divided by mean legal oyster 
density from DACS surveys. Assuming constant area swept per tong lift, this relationship 
implies that number of tong lifts fer trip increases by a factor of about 4 when densities drop 
from around 100 legal oysters/m to the observed low of near 10/m2
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Figure A2.3 . Observed (black circles) and model predicted (blue line) trends in legal (> 76.2 
mm, panel (a) and sub-legal (b) oyster abundance, predicted oyster fishery yield (c), and 
estimated natural mo1tality rate ( d) in Apalachicola Bay from 1990-2013. Model prediction 
results are Crom applying the parameter estimation procedure assuming balanced impacts of 
variation in natural mortality rate and recruitment rate. Observed data are from Florida 
Department of Agriculture and Consumer Sciences (DACS) fisheries independent swveys and 
predictions are from age-structured model described in this paper for comparison. Note large 
reduction in recruitment rates for 2012-3 implied by forcing the model to fit the DACS density 
estimates. 
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Figure A2.4. Comparison of model-predicted length proportions of legal sized oysters in 
Apalachicola Bay, Florida during fall (blue line) and obse1ved length proportions of legal size 
oysters (black circles) in fisheries independent surveys conducted in fall by the Florida 
Department of Agriculture and Consumer Services. 
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Figure A2.5. Comparison of model predicted length proportions of oysters 15-105 mm in size 
from Apalachicola Bay, Florida during fall (blue line) and observed length proportions of legal 
size oysters (black circles) from fisheries independent surveys conducted in fall by the Florida 
Depa1tment of Agiiculture and Consumer Services. 
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From: 
Sent: 
To: 
Subject: 

Importance: 

Pine, Bill 
Saturday, December 20, 2014 11:12 AM 
Payne,Jack M; Hellgren,Eric C; Havens,Karl 

Apalachicola: Not for distribution 

High 

*Please do not distribute this email* 
Hello Jack, Eric and Karl: 

On Thursday morning I received a call from a colleague at FWC as a "heads up." The purpose of the call was to let me 
know that following a meeting on Wednesday in Tallahassee with the legal team representing Florida in the Florida vs. 
Georgia case pending in the US Supreme Court that the lead attorneys were "not happy" with two manuscripts that I 
have in journal review on oyster populations in Apalachicola Bay. I was told by my FWC colleague that the attorneys 
thought the papers should be withdrawn, and if they were published that they could "make things difficult for 
me." When told that the funding for the work was provided by IFAS, the response was that things could be made 
difficult for IFAS as well. I was told to expect a call from the attorneys to meet with them to explain the papers and the 
current situation. I have not received that call. 

At issue is the perception that the work I've led undermines the state of Florida's assertion in the ongoing lawsuit that 
the Apalachicola oyster collapse was caused by water policy in Georgia. The papers basically say "we can't figure out 
what caused the collapse as the evidence isn't clear, but here are some ways to figure it out going forward". But based 
on my experience with similar issues in the Colorado, Gila, and Sacramento river basins this type of uncertainty doesn't 
match well with legal maneuverings related to "take" and "loss". I've read the brief(s) filed by Florida and the Georgia 
response so I am familiar with the points raised by both states. These two papers are part of a group of four 
manuscripts I've been working on related to this issue. The third paper is basically complete and can be ready for 
submission with four or five more hours of work. My estimate of my time invested in this project and papers since the 
fall of 2011 is probably 3000-3500 hours. 

Our work in Apalachicola, motivated by the request from Franklin County to IFAS and the oyster recovery task force 
headed by Karl Havens, predates the current lawsuit under review by the US Supreme Court. All of our state agency 
players have also been closely involved in this work by sharing data, and in participating in three or four workshops we 
had in developing the models and manuscripts (in an adaptive ecosystem assessment style at the FWC lab in Cedar 
Key). So whether the attorneys working on the case like it or not, state of Florida staff have been involved in this work 
since late 2011 predating the current lawsuit. The state has also had copies of the main paper, reviewed it numerous 
times, and many of their staff were included as co-authors until very late drafts of the manuscript when they were asked 
by legal staff to "step off' the paper. 

I've watched these types of science-policy-legal conflicts play out in several places now. It usually disintegrates into a "if 
you don't like the science then attack the scientist" situation. I've seen people almost lose their jobs with FWS 
(suspended and ultimately reinstated after omnibus review). I've had a friend ultimately quit his job with USGS over the 
stress associated with repeated intense criticism over his work in various legal proceedings in the Colorado Basin. I do 
not want to be in this position and hope that it does not evolve into that. I take the veiled threat of this type of 
environment, if that is what it is, very seriously. I will not work in an environment where I'm attacked personally for 
doing the job I was asked to do by UF and in a situation where I have been as above be.a rd as possible with our agency 
partners. 
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I've retained a personal attorney (Ron Kozlowski) at the recommendation of a senior faculty member in the UF law 
school whom I consulted on the Apalachicola situation and my role as a UF faculty member. My reason for engaging a 
personal attorney is to try and create what I think of as a "firewall" between the Apalachicola legal issues, my work on 
the subject as part of my job at UF, and my family and personal well being. At the advice of my attorney I'm sort of 
laying low for the next little bit and seeing how things shake out. I'm taking Monday off and may take Tuesday off as 
well. I probably won't be in Gainesville and will be in Cedar Key or somewhere else. Hopefully nobody from FWC gave 
the attorneys my cell number. 

From a legal perspective there is a February 2 deadline for Georgia to provide an updated response to a series of recent 
filings. At the same time a "special master'' (a lawyer from Maine) was appointed by the Supreme Court with the 
authority to "fix the time and conditions for the filing of additional pleadings, to direct subsequent proceedings, to 
summon witnesses, to issue subpoenas, and to take such evidence as may be introduced and such as he may deem it 
necessary to call for." More info and the original appointment of the special master is in the document linked below. 

See http://www.scotusblog.com/2014/11/special-master-named-in-river-dispute-2/ 

Thank you for your time in reading this email. Please do not distribute it to UF counsel or anyone else. Please do not 
contact Nick Wiley or anyone else with FWC, DEP, other agencies, the legislator, or anyone like this on my behalf or 
anything related to what I've shared in this email. I will keep you up to date on any developments. 

Thanks, 
Bill Pine 
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From: 
Sent: 
To: 
Subject: 

Leon, 

Havens,Karl 

Monday, February 09, 2015 8:57 PM 
Leon.Cammen@noaa.gov 

Regarding Supreme Court Case GA vs FL 

As you may be aware, there is a pending supreme court case of Florida vs. Georgia, in which the state of 
Florida is suing Georgia for taking water from the Apalachicola-Chattahoochee-Flint River system for 
consumptive uses and as a result causing the collapse of the Apalachicola Bay oyster fishery in fall 2012. 
You may also know that I led the research and outreach team in 2012-present that conducted research, 
modeling and community outreach after the collapse and identified the (1) likely causal agents, and (2) 
remedies to establish a more resilient fishery and economy. We now have a $5.4M grant from NFWF with 
the Florida Fish and Wildlife Commission to do experimental reef restoration work. 

So that is all good. The not so good news, and the reason for the email is to inform you that Florida Sea 
Grant was served with a subpoena on Friday from the State of Georgia that requires us to turn over a 
large amount of information ... including the research proposals and reviews of two current ongoing Sea 
Grant projects (and all projects we have funded in that ecosystem since 1975). We have no choice but to 
comply and are being assisted by the UF Office of Counsel. I just wanted to let you know before you might 
happen to see a news story indicating that FL SG was subpoenaed in this case. 

Results from some of the SG funded research strongly supports the GA case, which will be interesting. 
The work is very rigorous and already is accepted in peer-reviewed journals. 

Karl 

Karl E. Havens, Director, Florida Sea Grant 
Office Phone: (352) 392-5870, Cell Phone: (352) 284-8558 

Sent from my MS Surface Pro 2 
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!'vls. Rebecca Bl,mk 
Acting Secretary 
US. Department of Commerce 
"1401 Constitution Avenue, .NW 
Washington, D,C 20230 

Dear Secretary Blank 

RicKScorr 
GOVERNOR 

September 6,, 20]:?. 

On behalf of Florida's oystel' industry, I respectfully request that you declare a 
commercial .fishcrv failure due to a fishe:rv resource disaster for Florida's oyster 

) ~ ~ 

harvesting areas in foe Gull of Mexico, particularly those iri Apalachicola Bay, pursuant 
to Section 312(a) of the Magnuson-Ste\'ens Fishery Management and Conservation Act 

The State of Flodda has experienced aJ1 unprecedented dedine in the abundance 
nf oysters v.;ithin nur coastul estuaries, a direct const~quence of v,,,hich has bee.rt a 
significant loss of income to commercial oyster fishermen, oyster process.ors and rural 
coastal commn.nities. Recent oyster resource assessments indicate that the outlook for 
the 2012/2013 harvesting season is "poor" and unlikely to sustain commercial 
lu:u:vesting levels. l endose a letter and report from Florida's Department of Agrkulture 
and Consumer Services (FD ACS) assessing the current impacts. The FDA CS report 
estimates tht~ dockside value of oyster landed in Franklin County at $6.64 million in 
2011, which translates to a larger and significant overall econom.ic impact to the affected 
conurn.m.ities . .After conferring with county leade1shrp, Franklin County estimates the 
er.nployment impact to affect 2,500 jobs, including com. ... 7nercial oy!:lter fishermen, 
processors and related coastal economies. 

According to the report, observations and sampling of oyster populations on the 

Prima:rv ovster r)rotfocina reef:s in A.palachicofa Bav du.ring Julv 2012 indicated faat ✓ ,I r .:,. .., .,. . 

oyster populations were in po01' condition, It is believed that a combinaHor, of fa.ctors 
has led to the rec:ent decline in oyster populations. 

The Florida Panhandle and Apalachicc,1a Bay, as the drainage basin of the 
A p,1.tachkola., Fl"int, and Chattahoochee Rivers, have experienced drought conditions for 
several years resulting in .reduced. freshwater input into Apa1achico1a Bay, This absern.:i:. 

THE CAPITOL EXHIBIT 
T,o.UAHASSEE, flORJOA J'.2399 • {850} 488,2272 • fAX (850) 921 -4297. 
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Ms. Rebecca Blank 
Page Two 
September 6,201.2 

of freshvvater contributes to higher salbity levels adversely affecting oyster populations 
and contributing to mass nah1ral mortality events and a dramatic increase in oyster 
predation. 

Harvesting pressures and practices were altered to increase fishing effort, as 
measured in reported trips, due to the closure of oyster harvesting in contiguous states 
during 2010. This led to overharvesting of illegal and sub-legai. oysters further 
damaging an already stressed. population. Other undetermfr1ed causes may also have 
been involved. 

Disaster relief funds authorized by the Magnuson-Stevens Act are needed to: 1) 
furtJ1er assess the primary and secondary causes of the oyster decline; 2) determine the 
feasibility of actions to remediate or restore the affected resources; 3) begin actions to 
prevent and restore affocted resources; and 4) provide economic assistance to fishing 
communities and small businesses, including oyster fishE>.rmen affected by the disaster. 

The State of Florida is prepared. to provide the information necessary for you to 
properly assess tbls situ.ation. On behalf of Florida's oyster community, I thank you for 
your prompt consideration of this urgent request. 

Rick Scott 
Governor 
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FLORIDA. DEPARTMENT OF AGRICULTURE AND CONSUMER SERVICES 

COMMISSfONER ADAM H. PUTNAM 

The Honorable Rkk Scott 
Govern.or 
State of Florida 
The. Capitol, Plv..a Level OS 
Tallahassee, Florida 32399 

Dear Governor Scott: 

THE CAPl1'0l. 

September 5. 2012 

I run writing today to advise you of a situation that is quickly becoming a crisis for 
Florida's coastal communities who rely on a vibrant and healthy oyster population for ~onomic 
viability. The oyster resources in the state, particularly those in Apalachicola Bay. have been 
significantly impacted by the prolonged drought that many areas of the state ere facing. The 
drought conditions in fue Bay have caused the oyster resources to decrei!Se to a level that v.111 no 
longer sustain Florida's comm.ereiaf oyster industry. This situation has been exacerbated by L"ie 
low level of fresh water ooming down the Apalachicola River into the Bay. 

As you know, oy~ters require a delicate balance of both fresh and salt water. Jf salinity 
levels in and around oyster reefs get too high. the water is hospitable to marine organisms that 
prey Qll oysters such as oyster drillsl stone crabs and conchs, In addition, high salinity creates 
unfavorable conditions for juvenile oyster growth. First with Tropical Sto:nn Debby and foHowed 
shortly thereafter by Tropical Stonn Isaac:, the already scarce resource was further impacted. A 
recent assessment of the oyster resources in the Bay conducted by the f'Jorida Department of 
Agriculture and Consumer Service (FDACS} concluded that current oyster resource levels have 
not been this low since immediately afr.cr Hurricane Elena in 19&5. 

1n addition to Apalachicola, we have afr,a..,ady begun to hear fu:,m oyster harvesters in 
Wakulla, Dixie and Levy counties that they are also seeing high oyster mortality rates due to the 
drought These areas have been closed seasonally to oyster harvesting through the summer and 
only opened on September J, 2012. FDACS will conduct assessments on those areas over the 
next two weeks, however given the situation in Apalachicola Bay, it is likely these areas will also 
not support a sustained commercial harv~t. 

i ·600-Ht!.Pft.A {850}486·3022 w-,1,iw.Fm,hftomFlorida.ccm 
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Governor Rick Scott 
September 5, 2012 
PngeTwo 

On behalf of Florida's oyster harvesters and processors, I respectfully request that 
you ask United St.ates Department of Commerce Acting Secretary Rebecca Blank. to declare a 
federru fishery disaster for Florida's oyster harvesting areas in the Gulf: J bdieve the current 
conditions meet the requirements established in Section 312(a) of the Magnuson-Stevens Fishery 
Conservation and Management Act and Section 308(b) of the lnterjurisdic,ional fisherie.s Ai..i 
and therefore warrant this request 

To assist in your co-nsiderntion of this request, I am enclosing the Apalachicola Bay 
Oyster Resource Assessment Report Thank you in advance for your support of Florida's 
commercial oyster industry. Shoukl you need additional information on this situaticm, please do 
not hesitate to contact me. · 

Sincerely, 

Commissioner of Agriculture 

Enclosure 
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Oyster Resource Assessment Report 
Apalachicola Bay 

August 2012 
Department of Agriculture and Consumer Services 

Division of Aquaculture 

Executive Summary 

Observation.,; and sampling of oyster populations on the prima..")' oyster producing reefs in 
Apalachicola Bay during July 2012 indicated that oyster populations were depleted over most of 
the reef areas sampled and that surviving oyster populations are severely stressed. Staff of the 
Departm~nt of Agriculrure and Consumer Services' Di'lision of Aquaculture conducted 
assessments of oyster populations after prelim.imu-y reconnaissance following the passage of 
Tropical Storm Debby indicated that oyst.er populations on Ca.t Point Bar and East Hole Bar wer.e 
in poor condition. More detailed sampling and analyses confirmed the condition of oyster 
resources and suggested that the poor condition was t½e result. of combination of environmental 
factors and fishery practices. Analyse..~ and observations :further suggested that Tropical Storm 
Debby was only a min.or contributing factor to the overall poor condition of oyster resour"'ves and 
connnned evidence t.ha.t prolonged drought conditions, continuing low river discharge rates and 
intensive harvesting were adversely affecting oyster populations in Apalachicola Bay. 

This report provides interpretative analyses of sampling data,. fisheries data, enviror.mentw 
conditions, fishery practices and othe-t factors to describe the crurent sranis of oyskr resources 
and predict oyster fishery trends for the 2012/13 Winter Harvesting Season in Apalachicola Bay. 
Analyses and observations indicate that a combination of factors have resulted in a cascading 
effect that has contributed to the deplt:tion of oyster populations and may lead to longer-term 
debilitation of oyster resoutt:es and nyster reef habitats. 

Introduction 

The Florida Department of Agriculture and Consumer Services (DACS) shares responsibility for 
managing oy~"ter resources it. Al)alechicola ,Bay with the Florida Fish and Wildlife Conservation 
Conmtlssion (FWC); more specifically, the Division of Aq~ulture manages oysters from both 
resource development s.nd public health protection perspectives. Thls report summarizes 
information related to oyster resource compiled by the Division of Aquaculture from 2009 
through August 2012. 

Oyster Fisheries Statistics 

Since 1980, reported landings of oysters in Florida ranged from about l to 6.5 million pounds of 
meats: highest. landings were reported in the ea.rly 1980s. around 6.5 million pounds. 
Apalachicola Bay accounts for about 90% of Floridajs landings and about 9% of the landings 
from the Gulf of Mexico (2000-2008 average). Reported oyster landings from Apalachicola Bay 
for 2011 were approximately 2.4 million pounds of meat, representing a slight increase in 
landings from 2010 (Table 1). 
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1n 2011, oJstenn~-n io Frar.klin County reported landings of 2,380,810 pounds of meats from 
39,176 trips_ Lao.dings fur Apalachicola Bay are higher than reportoo for Franklin Collnty, 
be...".ttuse oystermen in neighboring counties may report landings from Apalachicola .8ay in those 
counties, 

Table l. Oyster Landings in Apalachicola Bay, Florida 

Yen:r 

2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 

Pou.:.,ds 
(Meats) 

2,327,402 
2,333,96S 
1,725,776 
l,449,890 
1,502,056 
1.260,9% 
2,127,049 
2,645,359 
2,2J8,482 
2,695,701 
1,938,059 
2,380,810 

Numbe..r 
of Trips 
Reported 

25,550 
25,261 
20,294 
18,467 
I 1,692 
12,663 
22,644 
29,104 
27,603 
39,942 
32,330 
39,176 

AB Oyster 
Haivesting 
Licc.nses 

958 
11135 

914 
759 
719 
714 
916 

1,142 
1~168 
1,433 
1,909 
1,799 
1.687 

Bags/ 
-r , .np 

13.9 
l 4.1 
13.0 
12.0 
12.9 
]5,2 
14.3 
13.9 
12.3 
10.2 
9. l 
9,3 

Landings per trip remained relatively stable during 2010 and 2011, ranging from 9 .1. to 9 .3 bags 
per trip. Landings per trip continued. to trend dov..-n,w.rd from about J 5 bags pet trip in 2005 to 
about 9.3 bags per trip in 201 L Oyster landings nod bas,s per trip do not show a direct 
corrdation with the number of ABOHL sold; there were.1,799 ABHOl, sold in 2011 and 1,687 
sold in 2012. The dockside value of oyster Janded fri Franklin County was estimated at $6.64 
million in 2011. 

Oyster Iandin_g.s appear to be cor.cele.ted ·with three primary yarfobles. resource availability, 
fishing effort, and market demand. F ishing effort has increased while market demand has been 
highly variable due to ~onomic inst.ab.Hit)', concerns associated Vvith the Deep Water Horium 
(D\VH) oil spill incident in 2010. end inconsistent supplies from other Gulf states. 

Oyster Resource Assessments 

The Division has conducted oyster resowce surveys on the principle oyster-producing reefs in 
Apalachicola Bay since 1982. This infonnation. is u~-d by resource managers to reliably predict 
trends in oyster production; to monitor. oy&ter population dynamics, including re<:nritment, 
gro-..i,ih. natural mortality, standing stocks; and to dctennine frie impacts of climatic events such 
as hurricanes, floods, and droughts on oyster resources. Sampling oyster populations allows 
resource man.agers to compate the relative condition. of standing stocks ovCT time using a defined 
sampling protocol. The Standard Oyster Resource Management Proto,-ol (SOID,.1P) provides a 
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calculation to e,,stimate production based on the density of lega.l size oysters collected during a 
defined sam._pllng intcrvaL Production estimates exceeding 400 bags of oysters per acre is 
applied as an lndicator of healthy oyster reefa cap.able of sw,1.aining commercial harvesting. 

The Division of Aquaculture c.:mducted oyme.r resource assesl;ment<; o.n the commerciaUy 
important oyster reefs in Apalachicola Bay during July 2012. Commercially important teefs 
included Cat Point Bat\ East Hole Bar and the St Vfo¢emt Bar and Dry BM reef complex. Oyster 
resource assessments were also conducted on t:.1.ree -re<:ently rehabilitated r-~efs. and on shallow 
and intertidal nefs in St. Vincent Sound. 

Product.ion estimates for July 2012 from Cat Point Bar (287 bags/acre) and East Hole Bar (294 
bags/acre) were the lowest production estimates reported in the ~t twenty ye.ars prior to the 
opening of the Winter Harvesting Sesson. Similarly, production estimates from St. Vincent Bar 
and Dry Bar (ha.gs per acre) demonstrated di:prcssed production estimates, Estimated oyster 
·population para.mete.rs fot Cat Point Bar, East Hole Bar and St Vincent / Dry Bat are below 
f evels generally observed on these reefs prior to opening the Winter Harvesting Season, and 
sugg~1 that stocks are not sufficiently abundant at this time to support commercial harvesting 
throughout the Winter Harvesting Season. Factors affecting estiIT'..ated production parameters on 
individual reef complexes a.re discussed later i.n this report 

Cat Point B11r Bnd ::East Hole Bar }uive h.istorica.liy been the primary producing reefs in 
Apalachicola Bay. These reefs form a contiguous reef system. (except for the Intracoastal 
Wate:rwiiy) that e-xtends north to sou+,.h ~ross St. George Sound and separates the sound from 
Apiuachie-0la Bay. Over the past twenty years, landings from these reefs have been critical to 
supportiog the oyster fishery in the region. 

Oyster density and estimated pro<lu<:rlon showed mer.Ired declines on Cat Point Bar when 
compared to 2011. Estimated production declined from 417 bags per acre in August 2011 to 287 
bags per acre fo July 20!2 (Table 2). Oyster densities decreased substantially from 430 to 64 
oysters per square meter over the same sampling interval (Tabl~ 2). Th~ decrease in oyster 
density reflects poor rec.ruitment, as weU as severely reduce<l number of oysters in the juvenile 
si~ classes, and is indicative of the degraded quality of reef substrate and structure, 

Cat Point aod East Hole Bar have been subject to a combination of ractors th11t have adversely 
affected oyster populations, oyster reef habitat, and the oyster fishery. Oyster populations over 
much ofthe reef area are dcpkt.ed and the quality of the substrate is degraded to a ,point where 
spat settlement and recruitment have beeo disrupted. Stress associated wrtb prolonged high 
salinity, high natural mortality and predation, a.Y'.ld intensive. fishing effort have markedly reduced 
standing stc-cks of juvenile, $Ub adult and adult oysters, 

The Dry Bar and St. Vincent Bar. complex is a farge contiguous reef system in western 
A_palach.icola Bay. This reef complex: provides a substantial portion of the Bats landings during 
nor.mal years, but fishing pressure was s-po:mdic during 201 J and 2012. The estimeted 
production fer Dry Bar~St. Vin<:ent (fable 2) indicated a substantial teduc"..ion from 323 bags per 
acre in August 2011 to 215 bags per acre in July 2012. Sirnples were coHected from the Little 
Gully area on Dry Bar, because no live oysters were collected on St. Vince.nt Ber. St Vincent 
Bar, extending from Dry Bar southward was considered to be depleted of m..ar.ketable oysters. 
The <.))'Ster population on St. Vincent Bar was lik~ly decimated by stn.-.gs associated with high 

3 

FL-ACF-02425657 



salinity. disease and predafo:m. Fishing pressure has declined as a re~utt of reduced standjng 
stocks of lY'.!ifket~size oysters over the entire reef complex ove! the past ·two years. The current 
condition of oyster n::sources on Dry Bar is not expecte<l to be a.t kvcls that will sustain 
commercial harvesting through the 2012/1.3 Winter 'f-farve..-;ting Season. 

Estimated pmdU1..--ti.on paramerers for the :r~f complexes in the westem portion of the Bay and 
the ''Mifes" indicate that standing stocks of market size, c,yste.rs are at varfous levels. Standing 
stocks on some reefs will support commercial h.atvesting, while other reefs show signs of severe 
stress and. depletion. Oyster reefa, including North Spur, Green Point and Cabbag~ Lumps Plant 
Sires are in moderately good condition, with sum.ding stocks and produ-~tion. at levels that will 
support limited commercial harvesting. These plaat sires have been planted with processed 
oyster shell within the last three years, and the substrate remains in good condition; siz.e 
frequency distributions are typical of healthy oyster populations. However, these reefs are sma.¾1 
and. overall production will be limited. Also, oyst.ers on these roofs will likely be subject to 
intense predation. from rock snails, while salinity levets remain high, Oyster populations on 
shaUow and intertidal reefs in the 'Miles• (Spacey's Flats, Eleven Mile Bar, Picolene Bur) are 
also severely stressed, showing signs of intense predation and natural mortality. Bars in 
northwestern Apalachicola .Bay and ea.stem St Vincent Sound. including Green Point, North 
Spur and Cabbage Lumps are more strongly influenced by river flows than. ba--s locatoo further 
a.,wy from the river mouth. Prevailing flows and circulation patterns move plumes of freshwater 
westward from the river over these reefs before they ~e dispersed throughout the Bay and St. 
Vincc:nt Sound. 

The Standard Oyster Resource Management Protocol 

Continuo1JS monitoring and data analyses have allowed resource managers to develop a scale 
using defined sampling protocol to determine the relative condition of oyster resources based on 
estimated production parameters. The Standard Oyster Resource Management Protoeol 
(SOR.\1P) provides that estimated production. exceeding 400 bags of oysters per ru::re is applied 
a~ a.-1 indicator of ~thy oyster reefs capable of sustaining commercial harvesting. 
According.ly. oyster populations are 1) capable of supporting limited commercial harvesting 
,\/hen stocks exceed 200 bags/acre, 2) below levels necessary to support commercial harvesting 
when stocks fal ! below 200 bags/acre, and 3) considered depleted when marketable stocks are 
below l 00 bugs/acre. Generally, production from Cat Point Bar has been t.hi: most accurate­
indicator of oyster product1on in Apalachicola Bay, bu.t East Hole Bar and St. Vincent Bar are 
also reUable indicatots of th~ condition of oyster resources throughout the Bay, This scale forms 
the basis for tbc Standard Oyster Resource Management Protocol provided in Subsection 66B--
27.017, Florida Admhtlstrative Codi; "vhich has bee.--i used as the criteria for setting the numbet 
of harvesting days in the Winter Hru:vcsti~g Sea.<;o.n in Apalachicola Bay. 

Depletion of Oyster Resources 

Standing Stocks and Commercial Production Estimates 

Si7.e frequency distributions for oyster ~ .ing stocks a.re strong mdicators of the health of 
oyster popufa.tfon.'> and are useful for p.redfoting .fishery trends. Sire distribution.~ among oyster 
popu.latio11s an:: u.<ied to evaluate reeroitmcnt to ilie population, recruitment of juveniles to market 
sil.e, growth, survival and potential produ.ction. Accordingly, size frequency distributiom can be 
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used to evalwte oyster depletion events, Current analyses of size frequency di.,;tributions and 
oyster standing stocks indicate that oyst~r populations on the major producing reefs in 
Apalacblcnla Bay are experiencing an on-going depletion event. 

Oyster populations can be depleted from a number of factors; including climatic condition-,;, 
water quality, drought ~nd flood events, catastrophic storms and hurricanes:, natural mortality 
from dlsea.scS a.Y'ld predation, and fisheries. Most of the time, <lepletfons occur because of a 
combination of fr1ese factors (multiple stressors). 

Data analyses and obgen,•ations-on the major reef complexes sho"''ed substantial losses of oyster 
populations over the past two yea:rs, with. severe declines in oyster densities, standing stor.ks and 
production estimates, Declining populations can be attributed to less tban optimal environmental 
conditions (proloT'.ged drought, reduced river discharge rates, high salinity), storm events 
(Tropical Storm Debby), and increased predation and uaturo.1 mortality, weak re(,TlJitment, and 
extens.ive harvesting on the major :reefs. It is evident from divers' observations that many reefs 
in Apalachicola Bay are showing the negative effects of decreased rainfall and freshwater flow 
rates from the Apalachicola River over the past two years) including depressed recruitment and 
increased natural oyster mortality (predation, disease, and stress associated with high salinity 
regimes). Additionally, the kmg-tenn impairment of reef strocture (reef elevations, shell matrix, 
and shell balance) is of serious ccn~em. Esch of the factors contributing to oyster depl.etion in 
Apalachicola Bay are diseussed below. 

Prolonged Droughi and Elevated Salinity 

Ariverse envfronmental condhions can have a devastating effect on oyste-r populetions; and high 
salinity is among tlie most detrimental factors, .Because oysters are sesi.ile animals, they are not 
capable of moving when environmental conditions become less than optimal or sometimes 
1.ethal. Whlle oysters can tolerate a wide range of salinities, prolonged exposure to less than 
optimal conditions will adversely impact affected populations. Oysters be-:ome physiologically 
s~sed when salinity levels are below or above optimal levels (10-25 ppt) for extended periods. 
affecting .reproductive potential, spatfal.l, recruitment. growth and survival. 

Rainfall and concomitant river discharge are essentw for productive oyster populatioos in 
Apulachicola Bay, and provide three cri.t.ical requirements for survival. First) :m.rvival depends 
upon salinity regime,s that are suitable for oy~iers to reproduce, grow and survive. Rainfall in the 
drainage basin and discharge into the Bay are essential, as productive oyster populatinm, require 
a combination for fresh weter and marine waters. fluctuating salinity regimes, within the 
oyster's tolerance limits, is the single most important factor influencing oyster populations in 
Apalachicola Bay, Second, rainfall, flooding in the flood plain. and river dis~barge into the Bay 
are essential for supplying nutrients and detritus neoessacy to nourish and m-rutln food webs and 
troprJc dynamics within the estuarine :s.ystern. And third. rainfitll and river discharge is a critical 
fac-tor driving fluctuations in s.alini.ty levels that prevent destructive pred.atocs ·with .marine 
afflrJties from becoming establish~ in the Bay. The critical influences of .rair,.faH and river 
discharge we~. sew,rely diminished during the past two years, 1'he region and much of the 
drainage basin have been subject to e.xtensive drought during 20J I and 2012, and these 
co11ditions have been reflected in low civet stages and low river discharge rates. 
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Although, environ.mental conditions improved with relatively normal rainfall and tiver discharge 
in 2009 and early 2010, aud abundant spat faH was reported on. Cat Point and East Hole Bani 
during 2010, oyster resources have not rebounded oompletdy. Conditions began to decline and 
drought conditions bllve persisted in the Apalachicola River Basin since August 201 O. \Vith 
drought conditions retu.ming to the region, dem:easeti :rainfall and river discharge have, 
contributed to st,re.ss on oyster populations in Apalachkota Bay. 

The Florida Panhandle and the Apalachicola River (ACF) <lraina.ge ba.~in have experien.q.ed 
prolonged drought conditions for St!vera.l years, and the reduced freshwater input into 
Apalachic-0la Bay has seriously affected oyster popttlaticms in the Bay. Poor recruitment and 
poor survival can be directly attributed to prolonged high-salinity environment, which is also 
confirmed by the presence of marine predators, p-rim.arity stone crabs and Florida rock snails 
(oyster drills). The predators are present in great numbers and a.re currently overwhelming 
oyster populati.oru; throughout Apalachicola Bay. Petes et al., (20 l 2) and Wilber (1992) 
investigated the effects of reduced freshwater flows on oy~ter populations in Apalachicola Bay 
and reported adverse impacts resulting ftom low river flows. 

Natural Mortality and PredatiQn 

TI1e combination of high salinity and high water temperatures are known to severely stress oyster 
populations and may result in massive mortality e·vents. It is highly likely that these 
environmental factors have contributed substantially to natural mortality and k,w recruitment in 
the Bay. ffigh &atinity and high water temperatures also correlate with the increased _prevalence 
and intensity of the oyster parasite, .Perkin.ms marinus. This parasite (de1mo) is often associated 
with oyster mortality in the hotter summer months end is oommonly described F.S 1Summer 
Mortality Syndrome' in Florida, The Department participates .in the Oyster Sentinel Program in 
the Gulf and monitors the presence and intensity of P. morima in oyster.i in Apalachicola Bay. 

Observations by divers confirmed the presence and abundance cf stone crabs, Menippe 
mercenaria, on the primacy oyster reefs in Apaloohicola Bay. Stone crab burrows ate easy to 
recognize and the appetite of these destructive predators is obvious. Stone crab burrows are 
surrow1ded by living and dead oysters~ the result of crabs actively foraging and bringing live 
oysters to their burrows. The shells of devoured oystero are also present and form a ring around 
burrows, Exam.irJng dead oyster shell provides confomation. of the cru.shlng action of stone 
crabs on the shell of oysters. Stone crabs are considered primary predators of oysters vmcn 
salinities remain high for extended periods and crab populations become established on oyster 
reefs. 

Observations and sampling con.firmed the presence and abundance of the Florida rock snail, 
Stranumita hae.maswma, (formerly Thais haemo.,<:tnma), a destructive snail commonly referred to 
as ru.i oyster drill. Oyster drills are considered as one of the most serious oyster predators along 
Florida's Gulf Cea.st. and ha.Ye become established in Apalachicola Bay over the past twn y<:ars, 
Repo.rts from oystermen suggest that drills are more abundant than at any time in rer..ent memory. 
It sppear:s that drill populatio.ns are moving farther .into the e.ttuazy as oyster populations In the 
more matine portions of the Bay ru-e depleted, High numbens of drills were found wherever 
viable oyster populations were observed. The presence and establishment of snail populations 
correlate with prolonged high salinity waters, It is abo disturbing that drills are comp1et:ingtlreir 
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life cycles within the estuary, sinc.e egg cases, j1m.mile1 subadult and adult snails are abundant on 
oyster reefs. 

Additioruilly, the Florida croY.'Il conch, Melongena corona~ was commonly observed on oyster 
reefa. These conchs are also known to be serious oyi..-ter predato.rs with marine affinities. Mud 
crabs of various species are also commoii predators on oyster reefs, generally attacking spat and 
srrutller juvenile oysters. 

Increased stress associated with hlgb salinity .regimes acts to exacerbate the level and intensity of 
predation by weakenfog Qysters. Prolonged periods •f high salinity result in. natural mortality 
from predation which can have !l significant impact on oyster populations and result in serious 
economic losses to commercial oyster fisher.ies. The presence and ahundance of marine 
predators on oyster reefs in Apalachicola Bay the long duration of high salinity conditions within 
the estuary, 

Declining oyster population parameters can be associated with harvesting, as well as 
environmental influenct:'.s and natural mortality. Report(:d oyster landings for Fn'.nldin Couniy in 
2011 in~reased marginally over 2010 in both production and bags 'per trip, but harvesting 
p~ure (as measmed in reported trips) increased by about 20 pereent Oyster population 
parameters for Cat Point Bar and East Hole Bar suggest that oyster abundanc:es and poteotfa.1 
production is markedly dep~ed. possibly reflecting the <!:ffects of continuous harvesting. poor 
harvesting practices, as well as. less thlilrl optimal environmental conditions in. 2010 and 201 l. 
Over hftt'Vesting is most damaging when environmental. conditions are less fatm optimal, 
recruitment is: low, and natl./.!'al mortality is high. 

Resource mru-iagers believe that several activities associated ·with lwve.\.1ing have had a 
detrimental impact on standing stocks and oyster resources on the primary producing reefs in St. 
George Sound in eastern Apaladlicola Bay. The sb\nding stocks of juvenile, sub-legal, and 
rnarkeH~ize -oysters suggest that the overall condition of many reefo has dedmed substantially 
over the past two years a..s a re.suit of continuous harvesting from Cat Point and Eru,t Hole Bars, 
1:.-oncentrated and intensive harvesting by the majority of the fishing fleet, and the excessive 
harvesting of sub-iegal oysters. · 

Vessel counts during the 2011 /12 \V.inter Harvesting Season show that about 60 percent of-the 
fishing fleet was concentrated on Cat Point and East Hole Bars. Fishing effort often averaged 
more than 120 vessels per day throughout 2011 and 2012 placing added pressure on Cat Point 
and F.ast Hole Bru-s. In response to limiting the numbey of hours harvest can occur each day to 
conb-oJ for Vibrio vulrifjicus, additional ha.•ve~ng days during 2011 and 2012 were implemented 
which increased fishing pressure and further deteriorated the condition of the resource. Another 
contributing fa~tor was the management decision to alfow harvesting from these reefs during the 
summer of 2010 in response to the oil spill event: (April, 2010). This resulted in fill intense 
ha.".'Vesting effort ·which precluded any recovery time for the resource 

Harvesting pressure is usually high on reefs in the eastern portion of the Bay at ilie beginning of 
the oyster harvesting ~on, and in 201 .1 and 2012 lmrvesting pressure was almost exclusively 
directed to Cat Point and Ea<;t Hole Bars. Harvesting pressure on Cat Point Bar and East Hole 

7 

FL-ACF-02425661 



Bar in St. George Sound demonstrated an upward trend in eftbrt over the past two years. This 
cha..'lge in fishing effort is not easy to explair>t since it does not seem to be strictly assoc.fated with 
~souree availability. One plausible explanation may be the proxiinit.y of St. Gl¾)rge Sound to 
.Eabipoint, wherem.any licensed oystermen reside and sen their oysre.rs. 

Some of the decline of legal-size ~yst.ers can be att..ribi.ltcd to the excessive harvesting of sub­
legal oysters. Si.nee 2010, there have be.en numerous reports of oystermen harve.sting oysters 
below the legal size limit, ar1d observations 111 the marketplace oonfumecl timt the harvest of 
.small oysters was very common during the D\VH oil spill event and. has persisted to the present. 
Excessive harvesting of sub-legal oysters from 2010 through 2012 reduced recruitmextt among 
sul;t-legai size classes to legal size, contribu.ting to clec:lini.1g trends in estimated p~duction in 
20 l 2/20 13, This situation results from harvesting and 1.,--ul.ling practices tlf the fishermen, when 
sub•legat oysters are not culled and returnoo. to the reef to grow to ruru-ketable size. 

'fbe practice of harvesting sub-legal oysters uppe11ra to he an extension of a "use it or lose it' 
attitude that prevailed during the fall and winter of 2010. Following the oil spHl in April 20 l 0, 
there was an acknowledged threat to oyster resoi.m:::~ in Apa!achicole Bay. and management 
policies wern directed toward harvesting available resources in the face of a growing risk ofioS!:. 
Thr<raghout the peri.oo when oil pos.ctl an unpredictable threat tc the oyster fishery, less effort 
was directed toward enforcing size limits, perhaps, yielding to the view that it would be mo.re 
beneficial to harvest the available reso1rrce, But unfortun.a~ly, many oystemien have continued 
the same h.ru:vest.ing practices iliat were allowed during the oil. spill thr~at. 

The Division's 2011 Oyster Res,,wce Assessment Report far Apalachicola Bay (Division of 
Aquaculture, 2011) srote<l that oyster population estimates frldicated that recruitment would keep 
pace with harvesting pressure and sustain production throughout the 2011/12 Winter Harvesting 
Season: with the caveat that increased harvesting pressure and/or the unabated harvesting of 
sublegal stocks may alter the production i harvesting balance. 1n 20111 reports of the harv~'t. and 
sale of oysters below the legal size Hmlt was still common practice, and it is now cleat that there 
are not .sufficient numbers of juvmille and market size oysters to support harvesting throughout 
the up coming season. 

Tropical Storm Debby made iis closest approach to Apiu.achlco!a Bay on June 25, 2012 before 
moving eastward and making landfall near the mouth of the Suw-anne.e Rivet. Despite the fact 
that Debby never achieve.d hurricane stren~ it was e.i::::companie<l by moderate storm slll'.ge .in 
the Big Bend region. Maximum surge at Apalachicola was 3.51 feet. 

The greatest imp..wts to oyster reefs were expected to be in St. George Sound and western 
Apalachicola Bay (St. Vincent Bar) because of the long fetch of open water. Scouring wes 
expected as a result of storm surge and wave action across the Bay. Fortuna.tely, most of tho 
storm surge and strongest wave action occurred during high tides when the reefs are most 
protected from severe hydrological impacts, 

Preliminary reconnaissance foHow.ng T.S.Debhy did not indicate sevete disruption of oyster reef 
structure, Examination of shells and live oysters did not dispJay the effects of severe scouring 
(ex, polished shell sur~e.s, abrasion, dead oysters) and observations by divers did not 
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demonstrate extensive disruption of the reef's surface (suspension and deposition of re.ef shell 
and sediments, concretion of reef material, or burial of shell and living oysters). Although reef 
areas were sometimes devoid of live oysters, clusters of oysters were present in adjacent areas 
that did not indicate severe disturbance. Scouring and wave action may have impacted reef 
surfaces and oyster resoun:es in some areas, but widespread damage to reef structure was not 
observed. 

Heavy rainfall and coastal flooding may have an adverse impact on oyster reefs closest to the 
river and distributaries in the river qel~ but the sudden influx of freshwater did not appear to 
cause extensive oyster mortalities on reefs away from the river delta (reefs in the Winter 
Harvesting Areas). Preliminary reoonnaissance and sampling did not identify oyster populations 
where mass mortalities occurred; it is generally apparent when a mass mortality event occurs 
from a freshet or poor water quality (low dissolved oxygen concentrations). However, it remains 
likely that oyster populations in close proximity to the river delta may be subject to prolonged 
low salinity and associated low dissolved oxygen concentrations, and may suffer mortalities. 
There have been some reports of recent mortalities {late July) among cysters on reefs in the 
Summer Harvesting: Area (Norman's Lumps). 

f ishro Mwiagement Implications 

The Department of Agriculture and Consumer Services a.11d the Fish and Wildlife Conservation 
Commission en.acted seve.raJ _policies that allowed oystermcn a greater opportunity to harvest 
available oyster resources in Apalachicola Bay in response to the Deepwater Horizon oil spill 
event and national shellfish program requirements. The Executive Director of the FWCC signed 
an Executive Order that al.lowed commercial harvest of oysters from Apalachicola Bay seven 
days a week beginning September l, W 11, contingent upon the Standard Oyster Resource 
Management Protocol (SORMP). On June 1, 2012, the FWCC en.acted rule amendments in 
Chapter 688~27.017 that allowed harvesting of oysters seven days a week, year round in 
Apelachlcofa Bay. This action was taken, in part, to accommodate commercial oyster fishermen 
for time on the water harvesting t.hat was decreased as a result of recent management practices to 
enhance public health prorection. These practi.ce..'!, consistent with national Vibrio vulniftcus 
reduction criteria, imposed more stringent limitations on harvesting times :from ApriJ through 
November, 

Subsection 68B-27,017(1)(a), Florida Administrative Code, provides that oysters may be 
harvested for commercial pwposes on any day of the: week. Subsection (l){b) provides that- Jf 
during the period of November 16 truough May 31 DACS establishes that the- oyster resources 
on Cat Point Bar and East Hole Bar can not sustain a harvest of 300 bags per acre (SOR.MP). 
then the harve-st of oysters for commercial purposes shall be prohibited on Saturdays and 
Sundays. R~-ults of the cun-ent assessment indicated that estimated production on Cat Point B.ar 
and East Hole Bar may not exceed the level provided in the SOR.i\.tP for DACS to recommend 
that oyster harvesting for rommercial purposes be continued at seven days a week. Oyster 
resources will be re--as~essed in November and recommendations will be forwarded to the 
Florida. Fish an.d Wildlife Con.servatiort Commission. 
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Fishery Trends 

Analyses of oyster resource assessment data over the past two years indicate severa.1 genera! 
c.cmclusions regarding oyster resources in Apalachicola Bay. 

The outlook for oyster production for fue 2012)2013 Winter Harvesting Season in St George 
Sound (Cat Polnt, East Hole> Porters Bar and Plat.form) is described as "poor''. 1t appea...-s 
unlikely that oyster populations on Cat Point arul East Hole Bar.s can sustain concentrated 
harvesting dfort t.htoughout the- Winter Harvestiog Season. 

Declining _population estimates ove:r the past nvo years generally indicated that oyster 
populations are severely stressed. Although oyster population parameters for 2010 and 2011 
reflected relatively stable production estimates, declines in 2012 suggest that overall resource 
availability may .not be capable of sustaining current harve.,;ting levels (bags per trip). The 
number ofba.gs per trip has contirm"'.d to decline over the past five ye.ars. 

Prior to 2009. the demand for oysters from Apalachicola Bay was a primary factor limiting 
harvests, as harvests did not appear to be limited by available stocks, Higher landings in 2009 
likely reflected strengthening market demand and increased :fishing effort rather than increased 
resource availability. However, in 2011/2012 demand for Apalachicola Bay oysters incre.ased 
be<'.ause of reduced production from .historically productive arei1s in other Gulf st.ates, while 
oymr resourC¢s in the Bay have suffered during the current drought. Consequently, oyster 
resources may not be adequate to support increased harvesting pressure and meet i~creased 
demand throughout the upcoming ~on. 

Table 2. Cat Point Bar Population Estimates: September 2008 to July 2012 . 

~~ ~ . M.~l! ~ O:tslers . Bags 
Qoadrat Number Leng. 1000x 

Date (0.25m} !n} <mm} (Im} >SOmm (%l >75mm (%} (1ml {lac) Uac} 

09/08 20 616 55.2 ,23.2 66.2 17.21 21.2 85,8 387 ·-· ...... 

11/08 10 564 52.0 225.E! 55,7 19.33 43.8 176,4 784 

12/08 10 333 56.$ 133.2 66.1 24.92 33,1 134.3 597 

08/09 20 828 50.1 165,tl 49,9 15.10 25,0 101.1 449 --·~~· 

11/09 10 626 48.2 250.4 50.2 7.83 19.6 79.:a 352. 

04110 20 969 48.4 193.8 46.7 9.91 ·Hl.2 77,7 345 

08110 20 1 043 50.5 208.6 53.9 8,92 18.6 75.3 334 
: 

11110 20 865 52.B 173 .. 0 63,7 12.25 21 .2 85.7 381 

05!'1t 15 1,6i1 48.2 429,8 48.5 5.40 23-2 93.9 417 

07112 10 '161 58.8 64A 67.1 24,84 15.9 S4.7 287 
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Table 2. East Hole Bar Population Estimates: November 2008 to July 2012. 

L-··-·····T··--· ~ Density ovst!?rs Bag_~ 

I 
mple , Ovster -l 

Quadrat i Number Leng. 1000x ; 

(0-25~?1) . .i (n) {mm) {Im) >50mm (%) >75mm (%) ({ml (fad (lac} l 
I l 

! 1,103 10 318 57.5 127.2 69.1 22.33 28.4 114.9 510 ~--······-····-- ·•······•~4---••··· 
i 
j_C9/C9 .... 20 --'.1,023 48.3 204.6 50.7 9.09 18.S 75.2 3~ 

1,110 10 662 47.0 272.8 48.6 9.38 25.6 103.6 460 

07/12 10 127 60.8 50.6 66.3 32.28 16.3 66.3 294 

Table 2. Dry Bar Population Estin1ates: September 2008 to July 2012. 

Sample i.Qmr Mean Density Qvsters - ftg 
! 

Ouadrat Number Leng. 1000x 
Date (0.25m) (n} {mm} {/m} :>o50mrn i%) >75mm (%) {Im) {/.ac) {Jae} 

08/09 20 1467 54.0 293.4 64.1 14.66 43.6 176.4 784 

12/08 10 986 47.1 394.4 49.8 7.61 30.8 124.6 554 ' 
08/09 2-0 1,353 46.6 272.6 41.2 6.31 17.2 69,6 ;JOO l 
11/00 10 589 45.$ 235.6 41 .7 7.13 16.7 61.9 302 

J 
' 

06110 20 877 50.2 175.4 50.5 10.83 18.9 76.6 S41 

11/10 20 1,313 43.1 262.5 34.4 11.65 30.5 123.8 550 

08/11 15 587 47.5 151.2 44.B 11.90 17.9 72.7 323 

07/12 10" 150 56.0 60.0 66.0 20,0 12.0 48.6 215• 

a - SBmples collected Crom Little Gully on Dry Bar. No live oystm were, ccllecte(f from St. Yinceo1 Bar 

Table 2. North Spur (Plant) Population Estimates: September 2008 - July 2012. 

~ · . Sarr1 ____ 1olci.~j;i(iraC -~~=r T ~:~;: .... J.!evslty . ! ···~-···· Oyster$ .. , .. ,. ........... L 1 ooox···- ..... Bac,s _···· 

· _ Da.~ .. j0.25ni) (ni l (rmr.) (/:"!?}..... >50mm (%) I =:'..?5mm (% \ f--<~L (lac) (lac\ 

09/08 i .. , ............ . 5 . .; .. . ..... 284 52.9 22..7.2 . 60.6 ! ...... .1.9:.~.~ .. - 23.9 ........ 9-?.-0 , 431 
09/09 ' 10; 541 4S.5 216.4 49.9 i 12.75 27.6 111.6 : 496 

, ' ·-·····-·-·{ 
04110 5 j 1040 48.0 832.0 50.4 : 5.-1 O i 42A 171. 7 I 763 i 

·-~-~,::;1-~..... 5 i 269 52.H : 215.2 .. S.?.,1?J ............. 15.99.i. .. .M-~ .: ......... 1-192 L. ·-·~~·;-) 
lJ 
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: 07112 362 I 53.4 I 144.s I 

Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012. 

Sam le ......... I Ovster M,,cin 
Quadrat l Number Long. 

Date (0.25ml {n', (mm) 

09/08 10 I 482 58.8 

~~£99 10 I 274541 ! 48.2 

10 I 
• • 0 00000 .... .. t --••-•• 

09/11 510 ; 54.4 
' ol 

-------
: 07/12 125 59.6 \ ........ 

····-•-· .. - -, ... __ __, ___ ....,. ___ ~ ------,c-·· - · .................. .,_ ., ........... _ .................. _ .......... .. 

--+---....... =:..........i...,;.,;;="-+-"=D=e=ns=it""---'v __ -· -·· ... .. 0~!£Ls ................. ,. - .. ~ .. fooox I Baas I 
_.;..;.._ ......... ...=........c.;,--+-...;..,.--+-'~=-..,__=1'/=m~)->_5_0_m"'-m-'-'--'(~-__,_1.:) ___ .. >75mm (%1. __ @)L _ _ JI~ ... : .... _ {/acl .. . ~ 

192.2 ?5.9 20.33 39.2 , ____ 158:6 . i ..... _ 70~ 
'-----!---'-10::...;9 __ ,6'-+-___ 44-'---·.·_; ___ 1'-'-7~.5_2 i ... .'l9.2 __ .. _J'T.7./ .. 345 1 

204.o os.s 12.94 I 26.4 106.s 474 I -,--_;;..'-'-'-+-.;;;.:;...;.;...;...+---.......;c..~ ............................... "'t ................ ·-···-----··--· . 

100.0 as.o 2a.oo l 2a.o 113.3 so3 I 

1:2 
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The Florida Department of Agriculture and Consumer Services (FDACS) shares responsibility 
for managing oyster resources in Apalachicola Bay with the Florida F ish and W ildlife 
Conservation Commission (FWC ); more specifically, the Div ision of Aquaculture manages 
oysters from both resource development and public health protection perspectives. This report 
summarizes oyster resource surveys conducted by the Division o f Aquaculture from 2009 
through September, 20 l l. 

Fisheries Statistics 

Since 1980, reported landings in Florida ranged from about 1 to 6.5 million pounds of meats: 
highest landings were reported in the early 1980s, around 6.5 million pounds. Apalachicola Bay 
accounts for about 90% of Florida 's landings and about 9% of the landings from the Gulf of 
Mexico (2000-2008 average). Reported oyster landings from Apalachicola Bay for 2010 were 
approximately 1.9 million pounds of meat, representing a decline in land ings from 2009 (Table 
1 ). Dockside va lue for oysters fi-0111 Apalachicola Bay was about 5.6 million dollars in 20 .1 0 . 

Table I. Oyster Landings in Apalachico la Bay, Florida 

Year 

2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

Pounds 
(Meats) 

2,327,402 
2,333,968 
1,725,776 
1,449,890 
1,502 ,056 
1,260,996 
2, 127 ,049 
2,645 ,359 
2,238 ,482 
2,695 ,70 I 
1,9 16,155 

Number 
of Trips 
Reported 

25 ,550 
25,26 1 
20,294 
18,467 
17,692 
12,663 
22,644 
29, 104 
27,603 
39,942 
3 1,984 

AB Oyster 
Harvesting 
Licenses 

958 
1, 135 

9 14 
759 
7 19 
7 14 
9 16 

1,142 
1,168 
1,433 
1,909 

Bags/ 
Trip 

13.9 
14 . 1 
13.0 
12.0 
12.9 
15.2 
14.3 
13.9 
12.3 
10.2 
9. 1 

Oyster landings appear to be con-elated with three primary var.iablcs; resource avai labi lity, 
fishing effort , and market demand. Most recently, tishing effort and market demand have been 
highly variable due to economic instability and concerns associated w ith the Deep Water 

FL_SEA-GRANT _ 40074 



Horizon (DWH) oil spill incident. In 2010, oystermen reported 31,984 trips and the number of 
Apalachicola Bay Oyster Harvesting Licenses reached 1,909, the highest number of licenses sold 
since the license was created. Landings per trip have declined from about 15 bags per trip in 
2005 to about 9.1 bags per trip in 2010, and show an inverse correlation with the number of 
ABOHL sold. 

Oyster Resource Assessments 

The Division bas conducted oyster resource surveys on the principle oyster-producing reefs in 
Apalachicola Bay since 1982. This information is used by resource managers to reliably predict 
trends in oyster production; to monitor oyster population dynamics, including recruitment, 
growth, natural mortality, standing stocks; and to detennine the impacts of climatic events such 
as hutTicanes, floods, and droughts on oyster resources. 

Continuous monitoring and data analyses have allowed resource managers to develop a scale 
using defined sampling protocol to determine the relative condition of oyster resources based on 
estimated production parameters. The Standard Oyster Resource Management Protocol 
(SORMP) provides that estimated production exceeding 400 bags of oysters per acre is applied 
as an indicator of healthy oyster reds capable o.f sustaining commercial harvesting. 
Accordingly, oyster populations arc 1) capable of suppo11ing lim.ited commercial harvesting 
when stocks exceed 200 bags/acre, 2) below levels necessary to supp011 commercial harvesting 
when stocks fall below 200 bags/acre, and 3) considered depleted when marketable stocks are 
below I 00 bags/acre. Generally, production from Cat Point Bar has been the most accurate 
indicator of oyster production in Apalachicola Bay, but East Hole Bar and St. Vincent Bar arc 
also reliable indicators of the condition of oyster resources throughout the Bay. This scale forms 
the basis for the Standard Oyster Resource Management Protocol provided in Subsection 68B-
27.0 I 7, Florida Administrative Code, which has been used as the criteria for setting the number 
of harvesting days in the Winter Harvesting Season in Apalachicola Bay. 

Subsection 688-27 .0 I 7(2 )( a), Florida Administrative Code, provides that oysters may be 
harvested for commercial purposes on any day of the week from November 16 to May 31 of 
each year when the Bay is not closed for public healt h purposes and when the oyster resources 
on Cat Point Bar or Easthole can sustain a harvest of 300 bags of oysters per acre. The 
Executive Director or the FWCC signed an Executive Order that allowed commercial harvest of 
oysters from Apalachicola Bay seven days a week beginning September I, 201 1, contingent 
upon the SORMP. Under the protocol, oyster abundance (standing stocks of legal size oysters) 
must be suffic ient to sustain a harvest of 300 bags of oysters per acre on Cat Point and East Hole 
Bars. 

This action was taken, in part, to accommodate commercial oyster fishermen for time on the 
water harvesting that was decreased as a result of recent management practices to enhance public 
health protection. These practices, consistent with national Vibrio vulnijicus reduction criteria, 
imposed more stringent limitations on harvesting times from April through November. 

The Division of Aquaculture conducted oyster resource assessments on the commercially 
important oyster reefs .in Apalachicola Bay during August and September, 20 J I. Results of these 
assessments indicated that estimated production on Cat Point Bar (417 bags per acre) exceeded 
the level provided in the Standard Oyster Resource Management Protocol to open the bay to 
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harvest for seven days per week. Based on this resource assessment data, the Division of 
Aquaculture can also recommend that oyster harvesting for commercial purposes be continued at 
seven days a week beginning on November 16, 20 I 0 . This recommendation will be assessed 
after the November sampling interval and forwarded to the Florida Fish and Wildlife 
Conservation Commission. 

Production estimates from Cat Point Bar for September 20 I I ( 417 bags/acre) improved slightly 
over production estimates for November 20 IO (381 bags/acre), but population parameters still 
suggested that standing stocks of market oysters were stressed. Production estimates from Dry 
Bar over the same sampling intervals (September 2011 ; 323 bags/acre and November 2010; 550 
bags/acre), showed a decline in standing stocks of market-size oysters. Although production 
estimates exceeded 300 bags per acre on both reef complexes, estimated oyster population 
parameters on Cat Point Bar and Dry Bar suggest that stocks are not sufficiently abundant at this 
time to supp011 intense commercial harvesting throughout the Winter Harvesting Season. Factors 
affecting estimated production parameters on i11dividual reef complexes will be discussed in this 
rep01i. 

Vessel Counts 

The most recent vessel counts indicated that most of the fishing fleet was concentrated on Cat 
Point and East Hole Bars when the 2011/12 Winter Harvesting Season opened. Vessels counts 
to monitor fishing pressure showed that oystermen moved their fishing effort from reefs in the 
western portion of the Bay to reefs in St. George Sound, primarily Cat Point and East Hole Bars 
in 20 I I. Fishing effort throughout the winter and spring of 2011 placed added pressure on Cat 
Point and East Hole Bars, whic h, in conjunction with fishing effo11 that was placed on these reefs 
during the summer of 2010 in response to the oil spill event, resulted in a cumulative increase in 
harvesting pressure from a relatively limited resource. 

Vessel counts during the Summer Harvesting Season confirmed that typical seasonal harvesting 
efforts retunied -to bars in the Summer Harvesting Areas, in sharp contrast to the previous 
summer (20 I 0) when management responses lo the Deep Water Horizon (DWH) oil spill 
contributed to directing fishing effort to bars that arc nomrnlly closed during the summer 
harvesting season. V esscl counts showed harvesters moved back to the traditional Summer 
Harvesting Arca and effort was concentrated primarily on Lighthouse Bar and Nonnan 's Bar. 

Cat Point Bar and East Hole Bar 

Cat Point Bar and East Hole Bar have historically been the primary producing reefs in 
Apalachicola Bay. These reefs form a contiguous reef system (except for the Intracoastal 
Waterway) that extends north to south across St. George Sound and separates the sound from 
Apalachicola Bay. Over the past twenty years, landings from these reefs have been critical to 
supp011ing the oyster fi shery in the region. 

Oyster density and estimated production showed marked increases on Cat Point Bar when 
compared to 20 I 0. Estimated production increased from 334 bags per acre in September 2010 to 
417 bags per acre in September 20 11 (Table 2). Oyster densities increased more substantially 
from 208 to 429 oysters per meter over the same sampling interval. The increase in oyster 
density reflects strong recruitment, as well as a high number of oysters in the juvenile and 
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sublcgal size classes. Nearly 96% of the oyster population sampled on Cat Point were less than 
three inches (Table 2). 

Because harvesting pressure has been relatively intense over the sampling period, population 
parameters can be associated with harvesting and environmental influences. Oyster population 
parameters for Cat Point Bar and reported landings over the past three years suggest that oyster 
abundances and potential production is depressed, renccting the effects of continuous harvesting, 
as well as, less than optimal env ironmental condi tions in 20 IO and 20 11 . Excessive harvesting 
of sub-legal oysters reduced recrnitmcnt among sub-legal size classes to legal size, and higher 
salinity regimes adversely affected recniitment, survival and growth, con tributing lo stable or 
declining trends in population dynamics in 20 I 0. Although, environmental conditions improved 
with relatively normal rainfall and river discharge in 2009 and early 20 I 0, and abundant spat fall 
was reported on Cat Point and East Hole Bars during 20 I 0, oyster resources have not rebounded 
completely. Conditions began to decline and drought conditions have prevailed in the 
Apalachicola River Basin since Augus t 20 I 0. With drought conditions re turning to the region, 
decreased rainfall and river d ischarge have contributed to stress on oyster populations in 
Apalachicola Bay. 

Dry Bar and St. Vincent Bar 

The Dry Bar and St. Vincent Bar complex is a large contiguous reef system in western 
Apalachicola Bay. This reef complex provides a substantial portion of the Bay' s landings during 
normal years, but fishing pressure was sporadic during 2010 and 20 11 . The estimated 
production for Dry Bar-St. Vincent (Table 2) indicated a modest decrease from 34 1 bags per acre 
in August 20 l O to 323 bags per acre in August 2011 , probably reflecting poor recruitment and 
survival result ing from higher salinity regimes over the past year. Fishing pressure has declined 
as a result of reduced standing stocks of market-size oysters. The cu1i-ent condition of oyster 
resources on St. Vincent Bar is somewhat typical during drought periods. 

f ishery Trends in Apalachicola Bay 

Annual oyster resource surveys showed moderate fluctuations in oyster densities, standing stocks 
and production esti1nates. Downward nuctuations can be attributed to less than optimal 
environmental conditions, increased predation and natural mortality resulting in weak 
recruitment , and extensive harvesting on some o f the major reef complexes. It is evident from 
divers' observations that many reefs in Apalachicola Bay are showing the negative effects of 
decreased rainfall and fres hwater flow rates from the Apalachicola River over the past year, 
inc luding decreased recruitment and increased natural oyster mortality (predation, d isease, and 
stress associated w ith high salinity regimes). 

The overall condition of reefs and the abundance of juvenile, sub-legal, and marker-size oysters 
suggest that the overall condition of many reefs has decli ned over the past two years. Some of 
the decline of legal-size oysters can be attributed to the excessive harvesting of sub- legal oysters 
during the fall and winter of 20 10. when a "use it or loose it ' attitude prevailed. The o utlook for 
oyster production for the 20 I 1/20 12 Winter llarvesting Season in St. George Sound ( Cat Point, 
East Hole, Potters Bar and Platfonn) is described as " moderate", but the short-term ou tlook is 
not as d ire as the perception cunently expressed by the oyster industry. However, it remain s 
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uncertain w hether oyster populations on Cat Point and East Hole Bars can sustain concentrated 
harvesting effort for the remainder of the Winter Harvesting Season. 

Harvesting pressure is usually high on reefs in the eastern ponion of the Bay at the beginni ng of 
the oyster harvesting season, but in 201 I harvesting pressure was almos t exclusively directed to 
Cat Point and East Hole Bars. Harvest ing pressure on Cat Point Bar and East I lolc Bar in St. 
George Sound demonstrates an upward trend in effort over the past two years. This change in 
fi shing effort is not easy to explain, since it docs not seem to be strict ly associated w ith resource 
availability. One plausible explanation may be the prox imity of St. George Sound to Eastpoint, 
where many licensed oystermcn reside. 

Estima ted production parameters for the minor reef complexes in the western portion of the bay 
and the "Miles" indicate that standing stocks of market size oysters are at various levels. 
Standing stocks on some reefs will support conuncrcial harvesting, while other reefs show signs 
of stress. Oystermen may have to become more intent on searching for reefs where oyster stocks 
arc more abundant, since minor reefs are expected to support an increasing level of harvesting as 
fi shing effort shifts away from Cat Point and East Hole Bars. 

Cursory analyses of oyster resource assessment data over the past two years indicate several 
general conclusions regarding oyster resources in Apalachicola Bay. 

The outlook fo r oyster production for the 20 I I /20 12 Winter Harvesting Season is described as 
"moderate''. 

Stable or declining population estimates over the past two years generally indicated that oyster 
populations arc stressed . During 2010 and 20 I I, oyster population parameters reflected 
relatively stable production estimates, which w he n compared to harvesting pressure (number of 
trips) suggests that resource availabi lity may not be capable of sustaining cutTent harvesting 
levels (bags per trip). The number of bags per trip has declined each year for the past five years. 

Prior to 2009, the demand for oysters from Apalachicola Bay was a primary factor limiting 
harvests, as harvests d id not appear to be limited by ava ilable stocks. Higher landings in 2009 
likely reflected strengthening market demand and increased fi shing ctfort rather than increased 
resource availability. However, it is likely that 20 1 J/2012 will bring increased demand for 
Apalachicola Bay oysters, since landings from many histo rically productive areas in o ther Gui f 
states may decline as the result of various cha llenges. At the same time, oyster resource 
availability has not marked ly improved during the recent drought. Conseq uently, oyster 
resources may not be adequate to support increased harvesting pressure throughout the upcoming 
season. 

Oyster population estimates indicate that recruitment will keep pace with harvesting pressure and 
sustain production throughout the 20 11 / 12 Winter Harvesting Season. However, substantia lly 
increasing harvesting pressure and/or the unabated harvesting of sublcgal stocks may alter the 
production / harvesting balance. Again in 20 I I, there are repons that the harvest and sale of 
oysters below the legal size limit is still common practice. However, estimated production 
parameters indicate that there arc suflicient stocks to support harvesting over the short tcr,n and 
that there are suffic ient numbers of j uvenile oysters to support harvest ing throughout the season, 
if they arc returned to the reef and allowed to grow to marketable size. 
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There were numerous reports of oystermen harvesting oysters below the legal size limit, and 
observations in the marketplace confirmed that the harvest of small oysters was very common 
during the D WH oil spill event. T his situation resu lted from harvesting and culling practices 
attributed to fishermen responding to the uncertainties that the Bay would be closed and the 
fi shery lost. Throughout the period when oil posed an unpredictable threat to the oyster fishery, 
less effort was directed toward enforcing size limits, perhaps, yielding to the view that it would 
be more beneficial to harvest the available resource, a "use-it or loose-it" approach. 

Table 2. Cat Point Bar Populatio n Estimates: September, 2008 to September, 20 11 . 

Sample Oyster Mean Density Oysters - Bags 
Quadrat Number Leng . 

Date (0.25m) (n) (mm) (Im ) >50mm (%) >75mm (%) (Im) 1000x (lac) (lac) 

09/08 20 616 55.2 123.2 66.2 17.21 21.2 85.8 381 

11 /08 10 564 52.0 225.6 55.7 19.33 43.6 176.4 784 

12/08 10 333 56.9 133.2 66.1 24 .92 33.1 134 .3 597 

08/09 20 828 50.1 165.6 49.9 15.10 25.0 101.1 449 

11 /09 10 626 48.2 250.4 50.2 7.83 19.6 79.3 352 

04/10 20 969 48.4 193.8 46.7 9.91 19.2 77.7 345 

08/10 20 1,043 50.5 208.6 53.9 8.92 18.6 75.3 334 

11/10 20 865 52.8 173.0 63.7 12.25 21.2 85.7 381 

08/11 15 1,611 48.2 429.6 48.5 5.40 16.7 67.5 417 

Table 2. East Hole Bar Population Estimates: November, 2008 to November, 20 10 

Sample Oyster Mean Density Oysters - Bags 

Quadrat Number Leng , 
Date (0.25m) (n) (mm) (/m) >50mm (%) >75mm (%) (Im) 1000x (lac) (lac) 

11/08 10 318 57.5 127.2 69.1 22.33 28.4 114.9 510 

09/09 20 1,023 49.3 204.6 50.7 9 .09 18.5 75.2 334 

11/10 10 682 47.0 272.8 48.6 9 .38 25.6 103.6 460 
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Table 2. Dry Bar Population Estimates: September, 2008 to September, 20 11. 

Sample Oyster Mean Density Oysters - Bags 

Quadrat Number Leng. 
Date {0.25m) (n) (mm) (Im) >50mm (%) >75mm (%) (Im) 1000x (/ac) (lac) 

09/08 20 1,467 54.0 293.4 64.1 14.86 43.6 176.4 784 

12/08 10 986 47 .1 394.4 49.8 7.81 30.8 124 .6 554 

08/09 20 1,353 46 .6 272.6 41 .2 6.31 17.2 69.6 309 

11/09 10 589 45.6 235.6 41 .7 7.13 16.7 67.9 302 

08/10 20 877 50.2 175.4 50.5 10.83 18.9 76.8 341 

11/10 20 1,313 43.1 262.5 34.4 11 .65 30.5 123.8 550 

08/11 15 567 47 .5 151.2 44.8 11 .90 17.9 72.7 323 

Table 2. Nonh Spur (Plant) Population Estimates: September, 2008 - September, 20 11 . 

Samole Oyster Mean Density Oysters - Baas 
Quadrat Number Leng. 

>50mm (%) I > 75mm (%) Date (0.25m) (n) (mm) (Im) Um) 1000x (lac) (lac) 

09/08 5 284 52.9 227.2 60.6 10.56 23.9 97.0 431 

09/09 10 541 49.5 216.4 49.9 12.75 27 .5 11 1.6 496 

04/10 5 1040 48.0 832.0 50.4 5 .10 42.4 171.7 763 

08/11 5 269 52.9 215.2 58.0 15.99 34.4 139.2 619 
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From: 
Sent: 
To: 
Subject: 

Heil, David 
Tuesday, April 23, 2013 11:18 AM 
Estes, Jim 
RE: Report 

And, I sent a needed t9tt~@qq to language I sent NOAA Fisheries Service: 

Note: No size limits, bag limits, gear or any other provision of the oyster rules were deviated or waived for 
oysters in 2010 (or anytime before 2010 or anytime after 2010). Based on oyster conservation, the Agency 
(FWC) did not change anything except the several seasonal dates described. Even if FWC would have been 
requested to change size limits, bag limits, gear, ... the request would~ have been denied. 

From: Heil, David 
Sent: Tuesday, April 23, 2013 10:16 AM 
To: Estes, Jim 
Subject: FW: Report 

See latest email response below from NOAA Fisheries Service. 

I WILL NEED ASSISTANCE TO ADDRESS THIS. 

Below are ffii!Hitglti~ excerpts from the DACS Report addressing fishery practices, over-harvest and or undersized­
harvest: 

Executive Summary 

Oyster Resource Assessment Report 
Apalachicola Bay 

August 2012 
Department of Agriculture and Consumer Services 

Division of Aquaculture 

Observations and sampling of oyster populations on the primary oyster producing reefs in Apalachicola Bay 
during July 2012 indicated that oyster populations were depleted over most of the reef areas sampled and that 
surviving oyster populations are severely stressed. Staff of the Department of Agriculture and Consumer 
Services' Division of Aquaculture conducted assessments of oyster populations after preliminary 
reconnaissance following the passage of Tropical Storm Debby indicated that oyster populations on Cat Point 
Bar and East Hole Bar were in poor condition. More detailed sampling and analyses confirmed the condition of 
oyster resources and suggested that the poor condition was the result of combination of environmental factors 
and lil!§tti~ry/pr;wtiR~~- Analyses and observations further suggested that Tropical Storm Debby was only a 
minor contributing factor to the overall poor condition of oyster resources and confirmed evidence that 
prolonged drought conditions, continuing low river discharge rates and ~ntin§~Y~iiYi§tins were adversely 
affecting oyster populations in Apalachicola Bay. 

EXHIBIT 
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This report provides interpretative analyses of sampling data, fisheries data, environmental conditions, ¥$IWY 
pf~t19~~ and other factors to describe the current status of oyster resources and predict oyster fishery trends for 
the 2012/13 Winter Harvesting Season in Apalachicola Bay. Analyses and observations indicate that a 
combination of factors have resulted in a cascading effect that has contributed to the depletion of oyster 
populations and may lead to longer-term debilitation of oyster resources and oyster reef habitats. 

Introduction 

The Florida Department of Agriculture and Consumer Services (DACS) shares responsibility for managing 
oyster resources in Apalachicola Bay with the Florida Fish and Wildlife Conservation Commission (FWC); 
more specifically, the Division of Aquaculture manages oysters from both resource development and public 
health protection perspectives. This report summarizes information related to oyster resource compiled by the 
Division of Aquaculture from 2009 through August 2012. 

Oyster Fisheries Statistics 

Since 1980, reported landings of oysters in Florida ranged from about 1 to 6. 5 million pounds of meats: highest 
landings were reported in the early 1980s, around 6.5 million pounds. Apalachicola Bay accounts for about 
90% of Florida's landings and about 9% of the landings from the Gulf of Mexico (2000-2008 
average). Reported oyster landings from Apalachicola Bay for 2011 were approximately 2.4 million pounds of 
meat, representing a slight increase in landings from 2010 (Table 1). 

In 2011, oystermen in Franklin County reported landings of 2,380,810 pounds of meats from 39,176 
trips. Landings for Apalachicola Bay are higher than reported for Franklin County, because oystermen in 
neighboring counties may report landings from Apalachicola Bay in those counties. 

Table 1. Oyster Landings in Apalachicola Bay, Florida 

Year 

2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 

Pounds 
(Meats) 

2,327,402 
2,333,968 
1,725,776 
1,449,890 
1,502,056 
1,260,996 
2,127,049 
2,645,359 
2,238,482 
2,695,701 
1,938,059 
2,380,810 

Number AB Oyster 
of Trips Harvesting Trip 
Reported Licenses 

25,550 958 13.9 
25,261 1,135 14.1 
20,294 914 13.0 
18,467 759 12.0 
17,692 719 12.9 
12,663 714 15.2 
22,644 916 14.3 
29,104 1,142 13.9 
27,603 1,168 12.3 
39,942 1,433 10.2 
32,330 1,909 9.1 
39,176 1,799 9.3 

1,687 

Bags/ 

Landings per trip remained relatively stable during 2010 and 2011, ranging from 9.1 to 9.3 bags per 
trip. Landings per trip continued to trend downward from about 15 bags per trip in 2005 to about 9.3 bags per 
trip in 2011. Oyster landings and bags per trip do not show a direct correlation with the number of AB OHL 
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sold; there were 1,799 ABHOL sold in 2011 and 1,687 sold in 2012. The dockside value of oyster landed in 
Franklin County was estimated at $6.64 million in 2011. 

Oyster landings appear to be correlated with three primary variables; resource availability, l.l~M~p/g~fgl, and 
market demand. jf~ijfµg~ffqfl has increased while market demand has been highly variable due to economic 
instability, concerns associated with the Deep Water Horizon (DWH) oil spill incident in 2010, and inconsistent 
supplies from other Gulf states. 

Oyster Resource Assessments 

The Division has conducted oyster resource surveys on the principle oyster-producing reefs in Apalachicola 
Bay since 1982. This information is used by resource managers to reliably predict trends in oyster production; 
to monitor oyster population dynamics, including recruitment, growth, natural mortality, standing stocks; and to 
determine the impacts of climatic events such as hurricanes, floods, and droughts on oyster 
resources. Sampling oyster populations allows resource managers to compare the relative condition of standing 
stocks over time using a defined sampling protocol. The Standard Oyster Resource Management Protocol 
(SORMP) provides a calculation to estimate production based on the density of legal size oysters collected 
during a defined sampling interval. Production estimates exceeding 400 bags of oysters per acre is applied as 
an indicator of healthy oyster reefs capable of sustaining commercial harvesting. 

The Division of Aquaculture conducted oyster resource assessments on the commercially important oyster reefs 
in Apalachicola Bay during July 2012. Commercially important reefs included Cat Point Bar, East Hole Bar 
and the St. Vincent Bar and Dry Bar reef complex. Oyster resource assessments were also conducted on three 
recently rehabilitated reefs, and on shallow and intertidal reefs in St. Vincent Sound. 

Production estimates for July 2012 from Cat Point Bar (287 bags/acre) and East Hole Bar (294 bags/acre) were 
the lowest production estimates reported in the past twenty years prior to the opening of the Winter Harvesting 
Season. Similarly, production estimates from St. Vincent Bar and Dry Bar (bags per acre) demonstrated 
depressed production estimates. Estimated oyster population parameters for Cat Point Bar, East Hole Bar and 
St. Vincent / Dry Bar are below levels generally observed on these reefs prior to opening the Winter Harvesting 
Season, and suggest that stocks are not sufficiently abundant at this time to support commercial harvesting 
throughout the Winter Harvesting Season. Factors affecting estimated production parameters on individual reef 
complexes are discussed later in this report. 

Cat Point Bar and East Hole Bar have historically been the primary producing reefs in Apalachicola Bay. These 
reefs form a contiguous reef system ( except for the Intracoastal Waterway) that extends north to south across St. 
George Sound and separates the sound from Apalachicola Bay. Over the past twenty years, landings from these 
reefs have been critical to supporting the oyster fishery in the region. 

Oyster density and estimated production showed marked declines on Cat Point Bar when compared to 
2011. Estimated production declined from 417 bags per acre in August 2011 to 287 bags per acre in July 2012 
(Table 2). Oyster densities decreased substantially from 430 to 64 oysters per square meter over the same 
sampling interval (Table 2). The decrease in oyster density reflects poor recruitment, as well as severely 
reduced number of oysters in the juvenile size classes, and is indicative of the degraded quality ofreef substrate 
and structure. 

Cat Point and East Hole Bar have been subject to a combination of factors that have adversely affected oyster 
populations, oyster reef habitat, and the oyster fishery. Oyster populations over much of the reef area are 
depleted and the quality of the substrate is degraded to a point where spat settlement and recruitment haye~e~n 
disrupted. Stress associated with prolonged high salinity, high natural mortality and predation, and (i@in{{y~ 
§~biuiia'im have markedly reduced standing stocks of juvenile, sub adult and adult oysters. 
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The Dry Bar and St. Vincent Bar complex is a large contiguous reef system in western Apalachicola Bay. This 
reef complex provides a substantial portion of the Bay's landings during normal years, but l~lfng Pfi§§lffi was 
sporadic during 2011 and 2012. The estimated production for Dry Bar-St. Vincent (Table 2) indicated a 
substantial reduction from 323 bags per acre in August 2011 to 215 bags per acre in July 2012. Samples were 
collected from the Little Gully area on Dry Bar, because no live oysters were collected on St. Vincent Bar. St. 
Vincent Bar, extending from Dry Bar southward was considered to be depleted of marketable oysters. The 
oyster population on St. Vincent Bar was likely decimated by stress associated with high salinity, disease and 
predation. !iii~µg Pfi§§Mfi has declined as a result of reduced standing stocks of market-size oysters over the 
entire reef complex over the past two years. The current condition of oyster resources on Dry Bar is not 
expected to be at levels that will sustain commercial harvesting through the 2012/13 Winter Harvesting Season. 

Estimated production parameters for the reef complexes in the western portion of the Bay and the "Miles" 
indicate that standing stocks of market size oysters are at various levels. Standing stocks on some reefs will 
support commercial harvesting, while other reefs show signs of severe stress and depletion. Oyster reefs, 
including North Spur, Green Point and Cabbage Lumps Plant Sites are in moderately good condition, with 
standing stocks and production at levels that will support limited commercial harvesting. These plant sites have 
been planted with processed oyster shell within the last three years, and the substrate remains in good condition; 
size frequency distributions are typical of healthy oyster populations. However, these reefs are small and 
overall production will be limited. Also, oysters on these reefs will likely be subject to intense predation from 
rock snails, while salinity levels remain high. Oyster populations on shallow and intertidal reefs in the 'Miles' 
(Spacey's Flats, Eleven Mile Bar, Picolene Bar) are also severely stressed, showing signs of intense predation 
and natural mortality. Bars in northwestern Apalachicola Bay and eastern St. Vincent Sound, including Green 
Point, North Spur and Cabbage Lumps are more strongly influenced by river flows than bars located further 
away from the river mouth. Prevailing flows and circulation patterns move plumes of freshwater westward 
from the river over these reefs before they are dispersed throughout the Bay and St. Vincent Sound. 

The Standard Oyster Resource Management Protocol 

Continuous monitoring and data analyses have allowed resource managers to develop a scale using defined 
sampling protocol to determine the relative condition of oyster resources based on estimated production 
parameters. The Standard Oyster Resource Management Protocol (SORMP) provides that estimated production 
exceeding 400 bags of oysters per acre is applied as an indicator of healthy oyster reefs capable of sustaining 
commercial harvesting. Accordingly, oyster populations are 1) capable of supporting limited commercial 
harvesting when stocks exceed 200 bags/acre, 2) below levels necessary to support commercial harvesting when 
stocks fall below 200 bags/acre, and 3) considered depleted when marketable stocks are below 100 
bags/acre. Generally, production from Cat Point Bar has been the most accurate indicator of oyster production 
in Apalachicola Bay, but East Hole Bar and St. Vincent Bar are also reliable indicators of the condition of 
oyster resources throughout the Bay. This scale forms the basis for the Standard Oyster Resource Management 
Protocol provided in Subsection 68B-27.0l 7, Florida Administrative Code, which has been used as the criteria 
for setting the number of harvesting days in the Winter Harvesting Season in Apalachicola Bay. 

Depletion of Oyster Resources 

Standing Stocks and Commercial Production Estimates 

Size frequency distributions for oyster standing stocks are strong indicators of the health of oyster populations 
and are useful for predicting fishery trends. Size distributions among oyster populations are used to evaluate 
recruitment to the population, recruitment of juveniles to market size, growth, survival and potential 
production. Accordingly, size frequency distributions can be used to evaluate oyster depletion events. Current 
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analyses of size frequency distributions and oyster standing stocks indicate that oyster populations on the major 
producing reefs in Apalachicola Bay are experiencing an on-going depletion event. 

Oyster populations can be depleted from a number of factors; including climatic conditions, water quality, 
drought and flood events, catastrophic storms and hurricanes, natural mortality from diseases and predation, and 
iii~j(ij$. Most of the time, depletions occur because of a combination of these factors (multiple stressors) . 
..................... 

Data analyses and observations on the major reef complexes showed substantial losses of oyster populations 
over the past two years, with severe declines in oyster densities, standing stocks and production 
estimates. Declining populations can be attributed to less than optimal environmental conditions (prolonged 
drought, reduced river discharge rates, high salinity), storm eyents. (Tropical Storm Debby), and increased 
predation and natural mortality, weak recruitment, and ~i~~n~fxi ilirM~§tfig on the major reefs. It is evident 
from divers' observations that many reefs in Apalachicola Bay are showing the negative effects of decreased 
rainfall and freshwater flow rates from the Apalachicola River over the past two years, including depressed 
recruitment and increased natural oyster mortality (predation, disease, and stress associated with high salinity 
regimes). Additionally, the long-term impairment of reef structure (reef elevations, shell matrix, and shell 
balance) is of serious concern. Each of the factors contributing to oyster depletion in Apalachicola Bay are 
discussed below. 

Prolonged Drought and Elevated Salinity 

Adverse environmental conditions can have a devastating effect on oyster populations; and high salinity is 
among the most detrimental factors. Because oysters are sessile animals, they are not capable of moving when 
environmental conditions become less than optimal or sometimes lethal. While oysters can tolerate a wide 
range of salinities, prolonged exposure to less than optimal conditions will adversely impact affected 
populations. Oysters become physiologically stressed when salinity levels are below or above optimal levels 
(10-25 ppt) for extended periods, affecting reproductive potential, spatfall, recruitment, growth and survival. 

Rainfall and concomitant river discharge are essential for productive oyster populations in Apalachicola Bay, 
and provide three critical requirements for survival. First, survival depends upon salinity regimes that are 
suitable for oysters to reproduce, grow and survive. Rainfall in the drainage basin and discharge into the Bay 
are essential, as productive oyster populations require a combination for fresh water and marine 
waters. Fluctuating salinity regimes, within the oyster's tolerance limits, is the single most important factor 
influencing oyster populations in Apalachicola Bay. Second, rainfall, flooding in the flood plain, and river 
discharge into the Bay are essential for supplying nutrients and detritus necessary to nourish and sustain food 
webs and trophic dynamics within the estuarine system. And third, rainfall and river discharge is a critical 
factor driving fluctuations in salinity levels that prevent destructive predators with marine affinities from 
becoming established in the Bay. The critical influences of rainfall and river discharge were severely 
diminished during the past two years. The region and much of the drainage basin have been subject to 
extensive drought during 2011 and 2012, and these conditions have been reflected in low river stages and low 
river discharge rates. 

Although, environmental conditions improved with relatively normal rainfall and river discharge in 2009 and 
early 2010, and abundant spat fall was reported on Cat Point and East Hole Bars during 2010, oyster resources 
have not rebounded completely. Conditions began to decline and drought conditions have persisted in the 
Apalachicola River Basin since August 2010. With drought conditions returning to the region, decreased 
rainfall and river discharge have contributed to stress on oyster populations in Apalachicola Bay. 

The Florida Panhandle and the Apalachicola River (ACF) drainage basin have experienced prolonged drought 
conditions for several years, and the reduced freshwater input into Apalachicola Bay has seriously affected 
oyster populations in the Bay. Poor recruitment and poor survival can be directly attributed to prolonged high-

s 

FL-ACF-02016445 



salinity environment, which is also confirmed by the presence of marine predators, primarily stone crabs and 
Florida rock snails (oyster drills). The predators are present in great numbers and are currently overwhelming 
oyster populations throughout Apalachicola Bay. Petes et al., (2012) and Wilber (1992) investigated the effects 
of reduced freshwater flows on oyster populations in Apalachicola Bay and reported adverse impacts resulting 
from low river flows. 

Natural Mortality and Predation 

The combination of high salinity and high water temperatures are known to severely stress oyster populations 
and may result in massive mortality events. It is highly likely that these environmental factors have contributed 
substantially to natural mortality and low recruitment in the Bay. High salinity and high water temperatures 
also correlate with the increased prevalence and intensity of the oyster parasite, Perkinsus marinus. This 
parasite (dermo) is often associated with oyster mortality in the hotter summer months and is commonly 
described as 'Summer Mortality Syndrome' in Florida. The Department participates in the Oyster Sentinel 
Program in the Gulf and monitors the presence and intensity of P. marinus in oysters in Apalachicola Bay. 

Observations by divers confirmed the presence and abundance of stone crabs, Menippe mercenaria, on the 
primary oyster reefs in Apalachicola Bay. Stone crab burrows are easy to recognize and the appetite of these 
destructive predators is obvious. Stone crab burrows are surrounded by living and dead oysters; the result of 
crabs actively foraging and bringing live oysters to their burrows. The shells of devoured oysters are also 
present and form a ring around burrows. Examining dead oyster shell provides confirmation of the crushing 
action of stone crabs on the shell of oysters. Stone crabs are considered primary predators of oysters when 
salinities remain high for extended periods and crab populations become established on oyster reefs. 

Observations and sampling confirmed the presence and abundance of the Florida rock snail, Stramonita 
haemastoma, (formerly Thais haemastoma), a destructive snail commonly referred to as an oyster drill. Oyster 
drills are considered as one of the most serious oyster predators along Florida's Gulf Coast, and have become 
established in Apalachicola Bay over the past two years. Reports from oystermen suggest that drills are more 
abundant than at any time in recent memory. It appears that drill populations are moving farther into the estuary 
as oyster populations in the more marine portions of the Bay are depleted. High numbers of drills were found 
wherever viable oyster populations were observed. The presence and establishment of snail populations 
correlate with prolonged high salinity waters. It is also disturbing that drills are completing their life cycles 
within the estuary, since egg cases, juvenile, subadult and adult snails are abundant on oyster reefs. 

Additionally, the Florida crown conch, Melongena corona, was commonly observed on oyster reefs. These 
conchs are also known to be serious oyster predators with marine affinities. Mud crabs of various species are 
also common predators on oyster reefs, generally attacking spat and smaller juvenile oysters. 

Increased stress associated with high salinity regimes acts to exacerbate the level and intensity of predation by 
weakening oysters. Prolonged periods of high salinity result in natural mortality from predation which can have 
a significant impact on oyster populations and result in serious economic losses to commercial oyster 
fisheries. The presence and abundance of marine predators on oyster reefs in Apalachicola Bay the long 
duration of high salinity conditions within the estuary. 

Declining oyster population parameters can be associated with b.irii~Ung, as well as environmental influences 
and natural mortality. Reported oyster landings for Franklin County in 2011 increased marginally over 2010 in 
both production and bags per trip, but mliwiiti.riiviii§Wi~ (as measured in reported trips) increased by about 20 
percent. Oyster population parameters for Cat Point Bar and East Hole Bar suggest that oyster abundances and 
potential production is markedly depressed, possibly reflecting the effects of QQQ~~i#illlili§lingf PQQf 
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lili~tms: iliriiti@~§, as well as, less than optimal environmental conditions in 2010 and 2011. iy~j iiY~iimi 
is most damaging when environmental conditions are less than optimal, recruitment is low, and natural 
mortality is high. 

Resource managers believe that several activities associated with ijiji~§i{ng have had a detrimental impact on 
standing stocks and oyster resources on the primary producing reefs in St. George Sound in eastern 
Apalachicola Bay. The standing stocks of juvenile, sub-legal, and market-size oysters suggest that the overall 
condition of many reefs has declined substantially over the past two years as a result of PPPl!TTQ;Qll§l~lit~Pi~ 
~:d~h~~~jij~~ityiii~V-Jt~iit.itliit1¢lj~fllil~i.i Mi ~nt~v~$y~ ijijcyi§t{tig by the majority of the fishing fleet, 

Vessel counts during the 2011/12 Winter Harvesting Season show that about 60 percent of the fishing fleet was 
concentrated on Cat Point and EastHole Bars. Ei$1Jing~ffqrf often averaged more than 120 vessels per day 
throughout 2011 and 2012 placing qg~f pjiij§i! gg @if Pgiij gµ~ ~f§X 11~1 lit In response to limiting the 
number of hours harvest can occur each day to control for Vibrio vulnijicus, additional harvesting days during 
2011 and 2012 were implemented which JQPt~i$~~$l1in&Rtl~µre and further deteriorated the condition of the 
resource. Another contributing factor was the management decision to allow harvesting from these reefs during 
the summer of2010 in response to the oil spill event (April, 2010). This resulted in an {ptijµ~;~il:ryi~~~gg effort 
which precluded any recovery time for the resource 

H'ii!$tlng pp~~IJii is usually high on reefs in the ~c1ster11 portion of the Bay at the beginning of the oyster 
harvesting season, c:111d ill ?911 aild 2012 ~iliitiPBPf#§§Rti was almost exclusively directed to Cat Point and 
East Hole Bars. H~m~~ti#.&Pfi§§IJ[i on Cat Point Bar and East Hole Bar in St. George Sound demonstrated an 
upward trend in effort over the past two years. This change in ffe~filpg~fj:I!}fili is not easy to explain, since it does 
not seem to be strictly associated with resource availability. One plausible explanation may be the proximity of 
St. George Sound to Eastpoint, where many licensed oystermen reside and sell their oysters. 

Some of the decline of legal-size oysters can be attributed to the ~?{~~~§~yg h?iiliµg of sub-legal 
()ysters. Since 2010, there have been numerous reports of oystermen iiii§(~figgy$fir.s~i1PIJijiJ~gi( §{~~ 
f!ii, and observations in the marketplace confirmed that the harvest of §ID~iJ)gy§fit§ was verycommon during 
the DWH oil spill event and has persisted to the present. iii~~{yij lmi@~tH\ig pf ~wi~ffjg~l qy~t~i from 2010 
through 2012 reduced recruitment among sub-legal size classes to legal size, contributing todedining trends in 
estimated production in 2012/2013. This situation results from hiY~~tmg in~ qµnip;g Pri2ti9i~ of the 
fishermen, when sub-legal oysters are not culled and returned to the reef to grow to marketable size. 

The practice of lj@Jcy~§tfryg §µ6fl~gi gy§tir§ appears to be an extension of a "use it or lose it' attitude that 
prevailed during the fall and winter of 2010. Following t~~ pp s.pil} i11 April ?919?. t~~E~ :Y?:S. c111 c:1~~P?:Yl~9~~d 
threat to oyster resources in Apalachicola Bay, and ffl~ij~gijmtn~ PPiiti~§ jyjij ,:nri1Jl9 J§l~tg ij-i§Uig 
ivw]~iti1.I risgµ1:~§ in the face of a growing risk of loss. Throt1g~()t1ttl1e perio~ \Vhen oil posed an unpredictable 
threat to the oyster fishery, less effort was directed toward ~ijfgi\qlijgj~il{im.i,fj, perhaps, yielding to the view 
that it would be more beneficial to harvest the available resource. But unfortunately, many oystermen have 
gqgtinJii4~hi§~t."t.p~ijijcy@~tt.#gpfiqpqij§ that were allowed during the oil spill threat. 

The Division's 2011 Oyster Resource Assessment Report for Apalachicola Bay (Division of Aquaculture, 2011) 

::~:~nt~:~~~~:f ~:~t~~~~iu~st~;;~: /~~~tn~::~::vce~~~~e;!:i~
1
'!v~t~~:ea~:v:~~~:!rrtti11iiilllliii 

~~eii~~!::~: 0i/~e \\l!ill~lllit[l~1rll~l1r~l]lll~fdiiir ~~J1ii1i ::sd~~1~
0
;0~::t;~:!i~:,

1
a:oc;,it ~~ 

now clear that there are not sufficient numbers of juvenile and market size oysters to support harvesting 
throughout the up coming season. 
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Tropical Storm Debby 

Tropical Storm Debby made its closest approach to Apalachicola Bay on June 25, 2012 before moving eastward 
and making landfall near the mouth of the Suwannee River. Despite the fact that Debby never achieved 
hurricane strength, it was accompanied by moderate storm surge in the Big Bend region. Maximum surge at 
Apalachicola was 3. 51 feet. 

The greatest impacts to oyster reefs were expected to be in St. George Sound and western Apalachicola Bay (St. 
Vincent Bar) because of the long fetch of open water. Scouring was expected as a result of storm surge and 
wave action across the Bay. Fortunately, most of the storm surge and strongest wave action occurred during 
high tides when the reefs are most protected from severe hydrological impacts. 

Preliminary reconnaissance following T.S.Debby did not indicate severe disruption of oyster reef 
structure. Examination of shells and live oysters did not display the effects of severe scouring ( ex. polished 
shell surfaces, abrasion, dead oysters) and observations by divers did not demonstrate extensive disruption of 
the reefs surface ( suspension and deposition of reef shell and sediments, concretion of reef material, or burial 
of shell and living oysters). Although reef areas were sometimes devoid of live oysters, clusters of oysters were 
present in adjacent areas that did not indicate severe disturbance. Scouring and wave action may have impacted 
reef surfaces and oyster resources in some areas, but widespread damage to reef structure was not observed. 

Heavy rainfall and coastal flooding may have an adverse impact on oyster reefs closest to the river and 
distributaries in the river delta, but the sudden influx of freshwater did not appear to cause extensive oyster 
mortalities on reefs away from the river delta (reefs in the Winter Harvesting Areas). Preliminary 
reconnaissance and sampling did not identify oyster populations where mass mortalities occurred; it is generally 
apparent when a mass mortality event occurs from a freshet or poor water quality (low dissolved oxygen 
concentrations). However, it remains likely that oyster populations in close proximity to the river delta may be 
subject to prolonged low salinity and associated low dissolved oxygen concentrations, and may suffer 
mortalities. There have been some reports of recent mortalities (late July) among oysters on reefs in the 
Summer Harvesting Area (Norman's Lumps). 

Fishery Management Implications 

The Department of Agriculture and Consumer Services and the Fish and Wildlife Conservation Commission 
enacted several policies that allowed oystermen a greater opportunity to harvest available oyster resources in 
Apalachicola Bay in response to the Deepwater Horizon oil spill event and national shellfish program 
requirements. The Executive Director of the FWCC signed an Executive Order that allowed commercial 
harvest of oysters from Apalachicola Bay seven days a week beginning September 1, 2011, contingent upon the 
Standard Oyster Resource Management Protocol (SORMP). On June 1, 2012, the FWCC enacted rule 
amendments in Chapter 68B-27.017 that allowed harvesting of oysters seven days a week, year round in 
Apalachicola Bay. This action was taken, in part, to accommodate commercial oyster fishermen for time on the 
water harvesting that was decreased as a result of recent management practices to enhance public health 
protection. These practices, consistent with national Vibrio vulnificus reduction criteria, imposed more stringent 
limitations on harvesting times from April through November. 

Subsection 68B-27.017(1)(a), Florida Administrative Code, provides that oysters may be harvested for 
commercial purposes on any day of the week. Subsection (1 )(b) provides that - If during the period of 
November 16 through May 31 DACS establishes that the oyster resources on Cat Point Bar and East Hole Bar 
can not sustain a harvest of 300 bags per acre (SORMP), then the harvest of oysters for commercial purposes 
shall be prohibited on Saturdays and Sundays. Results of the current assessment indicated that estimated 
production on Cat Point Bar and East Hole Bar may not exceed the level provided in the SORMP for DACS to 
recommend that oyster harvesting for commercial purposes be continued at seven days a week. Oyster 
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resources will be re-assessed in November and recommendations will be forwarded to the Florida Fish and 
Wildlife Conservation Commission. 

Fishery Trends 

Analyses of oyster resource assessment data over the past two years indicate several general conclusions 
regarding oyster resources in Apalachicola Bay. 

The outlook for oyster production for the 2012/2013 Winter Harvesting Season in St. George Sound (Cat Point, 
East Hole, Porters Bar and Platform) is described as "poor". It appears unlikely that oyster populations on Cat 
Point and East Hole Bars can sustain concentrated harvesting effort throughout the Winter Harvesting Season. 

Declining population estimates over the past two years generally indicated that oyster populations are severely 
stressed. Although oyster population parameters for 2010 and 2011 reflected relatively stable production 
estimates, declines in 2012 suggest that overall resource availability may not be capable of sustaining current 
harvesting levels (bags per trip). The number of bags per trip has continued to decline over the past five years. 

Prior to 2009, the demand for oysters from Apalachicola Bay was a primary factor limiting harvests, as harvests 
did not appear to be limited by available stocks. Higher landings in 2009 likely reflected strengthening market 
demand and ~!itii§i~:i§ij1µ:g~ffi'qm rather than increased resource availability. However, in 2011/2012 demand 
for Apalachicola Bay oysters increased because of reduced production from historically productive areas in 
other Gulf states, while oyster resources in the Bay have suffered during the current drought. Consequently, 
oyster resources may not be adequate to support increased harvesting pressure and meet increased demand 
throughout the upcoming season. 

Table 2. Cat Point Bar Population Estimates: September 2008 to July 2012. 

Sample Oyster Mean Density Oysters - Bags 
Quadrat Number Leng. >50mm >75mm 1000x 

Date (0.25m) (n) (mm) (Im) (%) (%) (Im) (lac) (lac) 

09/08 20 616 55.2 123.2 66.2 17.21 21.2 85.8 381 

11/08 10 564 52.0 225.6 55.7 19.33 43.6 176.4 784 

12/08 10 333 56.9 133.2 66.1 24.92 33.1 134.3 597 

08/09 20 828 50.1 165.6 49.9 15.10 25.0 101.1 449 

11/09 10 626 48.2 250.4 50.2 7.83 19.6 79.3 352 

04/10 20 969 48.4 193.8 46.7 9.91 19.2 77.7 345 

08/10 20 1,043 50.5 208.6 53.9 8.92 18.6 75.3 334 

11/10 20 865 52.8 173.0 63.7 12.25 21.2 85.7 381 

08/11 15 1,611 48.2 429.6 48.5 5.40 23.2 93.9 417 

07/12 10 161 58.8 64.4 67.1 24.84 15.9 64.7 287 

9 

FL-ACF-02016449 



Table 2. East Hole Bar Population Estimates: November 2008 to July 2012. 

Sample Oyster Mean Density Oysters - Bags 

Quadrat Number Leng. >50mm >75mm 1000x 
Date (0.25m) (n) (mm) (Im) (%) (%) (Im) (lac) (lac) 

11/08 10 318 57.5 127.2 69.1 22.33 28.4 114.9 510 

09/09 20 1,023 49.3 204.6 50.7 9.09 18.5 75.2 334 

11/10 10 682 47.0 272.8 48.6 9.38 25.6 103.6 460 

07/12 10 127 60.8 50.8 65.3 32.28 16.3 66.3 294 

Table 2. Dry Bar Population Estimates: September 2008 to July 2012. 

Sample Oyster Mean Density Oysters - Bags 

Quadrat Number Leng. >50mm >75mm 1000x 
Date (0.25m) (n) (mm) (Im) (%) (%) (Im) (lac) (lac) 

09/08 20 1,467 54.0 293.4 64.1 14.86 43.6 176.4 784 

12/08 10 986 47.1 394.4 49.8 7.81 30.8 124.6 554 

08/09 20 1,353 46.6 272.6 41.2 6.31 17.2 69.6 309 

11/09 10 589 45.6 235.6 41.7 7.13 16.7 67.9 302 

08/10 20 877 50.2 175.4 50.5 10.83 18.9 76.8 341 

11/10 20 1,313 43.1 262.5 34.4 11.65 30.5 123.8 550 

08/11 15 567 47.5 151.2 44.8 11.90 17.9 72.7 323 

07/12 1 oa 150 56.0 60.0 66.0 20.0 12.0 48.6 215a 

a - Samples collected from Little Gully on Dry Bar. No live oysters were collected from St. Vincent Bar 

Table 2. North Spur (Plant) Population Estimates: September 2008 - July 2012. 

Sample Oyster Mean Density Oysters - Bags 
Quadrat Number Leng. >50mm >75mm 1000x 

Date (0.25m) (n) (mm) (Im) (%) (%) (Im) (lac) (lac) 

09/08 5 284 52.9 227.2 60.6 10.56 23.9 97.0 431 
09/09 10 541 49.5 216.4 49.9 12.75 27.5 111.6 496 

04/10 5 1040 48.0 832.0 50.4 5.10 42.4 171.7 763 

08/11 5 269 52.9 215.2 58.0 15.99 34.4 139.2 619 
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I 07112 I 10 I 362 I 53.41 144.81 57,51 18.23126.41 106.81 

Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012. 

Samgle Oyster Mean Density Oysters 
Quadrat Number Leng. >50mm >75mm 

Date (0.25m) (n) (mm) (Im) (%) (%) 
09108 10 482 58.8 192.2 75.9 20.33 
09109 10 274541 48.2 109.6 44.1 17.52 

09111 10 510 54.4 204.0 65.5 12.94 

07112 5 125 59.6 100.0 65.0 28.00 

From: Steve Branstetter - NOAA Federal [mailto:steve.branstetter@noaa.gov] 
Sent: Tuesday, April 23, 2013 9:22 AM 
To: Heil, David 
Subject: Re: Report 

just remember, your Agriculture report states such harvest did occur. 

(Im) 

39.2 
19.2 

26.4 

28.0 

On Tue, Apr 23, 2013 at 8:54 AM, Heil, David <David.Heil@myfwc.com> wrote: 

-
1000x 
(lac) 

158.6 
77.7 

106.5 

113.3 

Bags 

(lac) 

705 
345 

474 

503 

Understood. Thursday morning, I will send you the orders in Appendix 5 and we can further discuss this issue and any 
other issue you find. These discussions are very helpful to us. 

Note: No size limits, bag limits, gear or any other provision of the oyster rules were deviated or waived for oysters in 
2010 (or anytime before 2010 or anytime after 2010). Based on oyster conservation, the Agency (FWC) did not change 
anything except the several seasonal dates described. Even if FWC would have been requested to change size limits, bag 
limits, gear, ... the request would not have been denied. 

From: Steve Branstetter - NOAA Federal [mailto:steve.branstetter@noaa.gov] 
Sent: Tuesday, April 23, 2013 7:35 AM 
To: Heil, David 
Subject: Re: Report 

You don't include Appendix 5 for our cross-reference, but you do note the following 
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Florida's Governor issued Executive Order Numbers 10-99, 10-100 and numerous subsequent ones extending 

these Orders (Appendix 5). The Orders specify that the Governor delegates to agencies: "to deviate from the 

statutes, rules, ordinances and orders they administer, and I delegate to such agencies the authority to waive or 

deviate from such statutes, rules and ordinances or orders to the extent that such actions are needed to cope with 

this emergency." 

and then follow it up with descriptions of opening seasons early for all areas. you note landings were down, but 

like you note, I suspect the lack of product is more related to lack of ability to sell gulf seafood. 

Nevertheless, a disaster has to be beyond the scope and control of management. This relaxation of harvest 

restrictions in 2010 could be a reason for lack of oysters in 2013. 

On Mon, Apr 22, 2013 at 10:50 PM, Heil, David <David.Heil@myfwc.com> wrote: 

Steve, 
I will address. Thanks. There was and is no allowable undersized harvest (above the tolerances allowed by rule). 
Industry pushes undersized harvest at times and law enforcement responds appropriately. I will make that 
crystal clear. Again, thank you. Please Keep reviewing, I would rather take care of all misconceptions and 
explain anything needed before we submit report. 
David 

Sent from my iPhone 

On Apr 22, 2013, at 6:08 PM, "Steve Branstetter - NOAA Federal" 
<steve. branstetter@noaa.gov<mailto: steve. branstetter@noaa.gov> > wrote: 

sorry, hit send too quick. 

You state that in 2010 and 2011 the state allowed harvest of undersized oysters and continues to do so. And 
now in 2013, you have minimal harvestable oysters in the system. Lets see 3 years ........ hmmmmmmm. 

On Mon, Apr 22, 2013 at 3:21 PM, Heil, David <David.Heil@myfwc.com<mailto:David.Heil@myfwc.com>> 
wrote: 
Attached. Draft is in review and subject to change. Your input would be greatly appreciated. 

From: Steve Branstetter - NOAA Federal 
[ mail to: steve. branstetter@nQ.~fl,,gQ_y<mailto: st eve. branstetter@nmi~:_gQy>] 
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Sent: Monday, April 22, 2013 3: 15 PM 
To: Heil, David 
Subject: Re: Report 

sure 

On Mon, Apr 22, 2013 at 3 :02 PM, Heil, David <David.Heil@myfwc.com<mailto:David.Heil@myfwc.com>> 
wrote: 
Steve, 

Our agency is drafting the Report containing the information in support of the Florida Governors' request for 
the oyster fishery failure. I anticipate the Report will be sent to Roy on May 1, 2013. 

I can send you a draft to you if you think that will help your review and or our strengthen our Report. Just let 
me know. 

Thanks, 
David 

Steve Branstetter, Ph.D., Gulf Branch Chief 
NMFS, SERO 
263 13th Ave. S. 
St. Petersburg, FL 33701 
727-551-5796<tel:727-5 51-5796> 

Steve Branstetter, Ph.D., Gulf Branch Chief 
NMFS, SERO 
263 13th Ave. S. 
St. Petersburg, FL 33701 
727-551-5796 

Steve Branstetter, Ph.D., Gulf Branch Chief 
NMFS, SERO 
263 13th Ave. S. 
St. Petersburg, FL 33701 
727-551-5796 
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Steve Branstetter, Ph.D., Gulf Branch Chief 
NMFS, SERO 
263 13th Ave. S. 
St. Petersburg, FL 33701 
727-551-5796 
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From: 
Sent: 
To: 
Cc: 
Subject: 

Estes, Jim 
Monday, April 29, 2013 3:36 PM 
Wiley, Nick 
Mccawley, Jessica 
Re: need some info ASAP on oysters 

It does. It clearly states that recruitment overfishing did not occur. However, the original DACS report cited overfishing 
as one of the culprits. We will add a section to our report explaining that this was not the case, citing UF report 
rationale. 

Sent from my iPhone 

On Apr 29, 2013, at 1:00 PM, "Wiley, Nick" <Nick.Wiley@MyFWC.com> wrote: 

Jim. Help me here. I was thinking the UF report would help us. 

From: Mccawley, Jessica 
Sent: Monday, April 29, 2013 11:56 AM 
To: Wiley, Nick 
Cc: Estes, Jim 
Subject: Fwd: need some info ASAP on oysters 

Sent from my iPhone 

Begin forwarded message: 

From: "Heil, David" <David.Heil@MyFWC.com> 
Date: April 29, 2013 11:54:59 AM EDT 
To: "Mccawley, Jessica" <jessica.mccawley@MyFWC.com> 
Subject: RE: need some info ASAP on oysters 

The Report to NOAA is FWC's and no one else (we are the resource agency). Therefore, 
FWC is the author of this report (of course, we needed t use DACS, DEP, UF data and 
information). 

It is the DACS report that alludes to overharvesting and poor harvester practices. Unless 
I am missing something, the UF report does not state that overharvesting was not a 
factor. 

From: Mccawley, Jessica 
Sent: Monday, April 29, 2013 11:44 AM 
To: Heil, David 
Subject: Fwd: need some info ASAP on oysters 

Sent from my iPhone 
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Begin forwarded message: 

From: "Wiley, Nick" <Nick.Wiley@MyFWC.com> 
Date: April 27, 2013 1:48:46 PM EDT 
To: "Mccawley, Jessica" <jessica.mccawley@MyFWC.com> 
Subject: Re: need some info ASAP on oysters 

Also if we didn't already, we need to provide details on factors that 
restricted harvest. We only expanded seasons during the oil spill and 
harvest during this time was limited because the boats were working for 
BP. We went back to regular seasons after the spill with time, size, 
harvest and season restrictions. Who makes the NM FD/NOAA 
recommendation? Who is the authority on this? 

Nick Wiley 

On Apr 27, 2013, at 10:16 AM, "Mccawley, Jessica" 
<jessica.mccawley@MyFWC.com> wrote: 

See info. I have asked to review letter before goes to 
NOAA 

Sent from my iPhone 

Begin forwarded message: 

From: "Heil, David" 

<David.Heil@MyFWC.com> 
Date: April 26, 2013 6:00:12 PM EDT 
To: "Mccawley, Jessica" 

<jessica.mccawley@MyFWC.com> 
Cc: "Estes, Jim" 

<jim.estes@MyFWC.com> 
Subject: Re: need some info ASAP on 

oysters 

Jessica, 

Report, Supplement document and 
suggested transmittal letter on my 
desk. Jim has reviewed. Amanda 
reviewed for content. Steve Geiger 
promised a review this weekend. Target 
date to send to NOAA St Pete is May 
1st. As planned draft was sent to Steve 
Bransttler (? spelling) to be sure what 
he needed was there. His initial 
conclusion was over harvesting. I 
respectively disagreed. If over harvest 
or lack of endorsement or judicial 
ignorance or any other fishery 
management action or lack of action, 
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the disaster request will be denied. 
Please weigh in with all the influence 
we have 

David 

Sent from my iPhone 

On Apr 26, 2013, at 5:49 PM, 
"Mccawley, Jessica" 
<jessica.mccawley@MyFWC.com> 
wrote: 

Where are we on the 
disaster 
declaration? Have we 
provided all the info 
that NOAA needs to 
them? Are we still 
waiting on data? Didn't 

we have a meeting with 
them recently about 
the data needs? 

Nick needs this info 
Thanks 
Jessica 

Jessica R. Mccawley 
Director, Division of 
Marine Fisheries 
Management 
Florida Fish and Wildlife 
Conservation 
Commission 
2590 Executive Center 
Circle E, Suite 201 
Tallahassee, FL 32301 
Ph: 850-487-0554 
(general number) 
NEW PH: 850-617-9635 
(direct number) 
Fax: 850-487-4847 
jessica.mccawley@myf 
we.com 
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~rrigan, Mark 

From: 
Sent: 
To: 
Subject: 

i"'lark1 

FYI. Just qot this. 

Heil, David [David.Heil@MyFWC.com] 
Tuesday, October 09, 2012 3:25 PM 
Berrigan, Mark 
FW: oystar disaster request 

----Or.ig.inal Message•--"'· 
f'rarn: McC',;i.wley, Jessica 
Sent: Tuesday, October 09, 2012 3:21 PM 
To: He.i.l, David 
Sltbject, FW: oyster disaster request 

,Jer,sica R. McCawJ ey 
Di.rector, Divisicr: of Mar:ine Fishei·ies :<lcmagem::mL Florid.;;. Fish and W.i.ldl.:.::e Conservation 
commisRion 
2590 Executive Center Circle E, Suite 2:n Tallahasuee, FL 32301 
Ph: aso -4 a•J-0554 (general number} 
NE~l PH: P.50-617-9635 (dire::t number} 
Pax: 850-487-4847 
jessica. mccawley<@myh~c .~om 

-- - · -Original Messclge.- - · - · 
From: Roy Crabtree [mailto:roy.crabtree.@nuaa.9,,vJ 
Sent: Tuesday, October 09, 2012 10:43 AM 
To, Wiley, Nick 
Cc: Mccawley, Jessica; Miles Croom; Heather Blough; :Steve Branstetter; Phil Gteele; Estes, 
Jirr.; McRae, Gil; Roberson, Louie, .Fauls, Jackie 
Subject: Re, oyster disaster request 

Nick, I think we can v;orL with survey data if landings are 
incomplete. Here .i.s some language from the NO/V\ PolicyGuidance fo,-
Disaster Assistanc:e". 

"If available scientific information indicates that there has h~i'r .,rn unexpected sudden 
and pz:ecipitous decrease in the harvestable biorrcdss or spawning stock size o.t a fish stocK 
that causes a si.~lLficant number of persons to lose access to the fishery tor a 
substclnti.al pericd of time in a spec.ifJc area, a serious dcsrup:-ior.. affecting future 
produce ion will be deemed to have occurred. The flecretary will conside.r, among other 
thi.ngs, :11osL recent trawl surveys and other fishery nisource surveys conducted by t.be 
National Marine Fisheries: Ser.vi.ce and/or state officL,1s, as well as most recent stock 
assessments and other indicators of futi.;re product.ion from the fishery. 
The same percentage thresholds used to eva] uc1t:o revenue losse!c for .-. commercial fishery 
failure determinat.l.on will be applied in making this determination, based en estimated 
decrease in harvestable biomass or spawning stock size of the fish target~d by the fishery 
(which is dependent on the fishery resource subject to a fishery resource di.sasterj 
compared to the most recent 5 · year period." 

If ycur.- folks can get us with what they have (landings, revenues, surveys etc;.} then we 
can have a discussion about hew to proceed. Roy 

On Fri., Oct 5, 2012 at 3;15 PM, Wiley, N.ick cNick.Wiley@myfwc.com:, wrote: 
> Hello Roy. First 1 want to thank you and your tl":am for taking accion on thi.s. Th.i. 
ve1y important to ou.r state and an extremely high priority for FWC. Secondly, Jessie• 
her team, principally Jim Est.ea, a.re coordinating c,ur efforts on this. I believe we 
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already are compiling the lc,udinge; da!:a you requested. It. is irrportant to note, howevet-, 
that the local oyster h.;.1.vesters are now reporting reductions in harvest rates, b.lt this 
is likely a fairly recer.t development that may not show up yet. :i.n larrdinqs da.ta. In fact, 
beyond recent observatio11s by oyster harvesters, most of tte. concern a.bout Ui:s situation 
ls .being driven by the recer.t, oyster survey conducted by F'lorida Dept. of Ag!-iculture and 
Consumers Services that projected serious declines in oysters that would be available for 
the me.jor winter harvest seasor1 when most of the commercial crop is harvested. This survey 
and repo.rt; indicated that there would not be e:-iough oysters to :::upport any commercial 
hat-vest th.is winter. Jim Estes can prov.ide t.he report: .in case you don't have it. G1ven 
this and your need :.o document a decline, I am thinking it \,ill be several 11K.mths before 
landings data will be available to r:iake th.i~ assessment. Nnt. sure if there is any other 
way to tackle thiS! anJ move it for.ward more quick1y. It would be much better if we could 
somehow get you guys cun:f:ntabl.e \dth the survey data wh.ict ts based on s::ate ecxperts 
diving the cyst.er bars, :r. know we iave at least s yeRn, of survey da::a that ccmld be 
corTelated l<"it.h econ<:;mic dat:a and then m,ed to c,iJ r.u1ate the expected econord.c J.mpact. 1-s 
this something we- could discuss? We woulci be glad to help. Let us know. Thanks and 
have a nice Wc,ekenc.i. Nick 
> 

> 
;,. 

;,. Sent f.rc>i~ ;gy Veri:.:on Wireless 4G LTE DROlD 

Roy Crabtree <,t·oy. ere.bl: ree@noaa.gov> wrot~: 
> 

> 
,~ Just war.t t.o follow c::.p on ou.r phone call of last weekregarding the 
> Goven::n:' s disaster request. We need landings and revenues tor oyst.e:n; 
> from the affected area for the past five years t.o evaluate the 
> Gover.nor' s disaster· ·request. We normally look to see how much 
> landiags and revenues have declined; so, we need enough to establish a 
> baseline and then see how much landings and revenues have declined 
> this yea::::. I'm aszuming you will be our point of contact, bul if 
> there is someone else we should go through let me know. !f you have 
> questions you can either co11tact me or Bteve Branstetter. 

> Thanks 

> Dr. Rov Crabtree 
> Region~l l\Clrni.nistrator 
> Southeast Regional Offict, 
> KO.A.A F1ster:iee 

Dr . .h.O)' Crabtree 
Regional J:..dministrat.or 
Southeaot Regional Office 
NCAA Fisheries 
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From: 

Sent: 
To: 

Cc: 
Subject: 

Estes, Jim 

Monday, August 05, 2013 8:07 AM 
roy.crabtree@noaa.gov 

Mccawley, Jessica; Heil, David 
Oyster Report 

Attachments: Letter to Dr Crabtree.pdf; Florida Oyster Disaster Report to NMFS Final 8-2-13.pdf; 
Supplemental Document for Report to NMFS.pdf 

Dr. Crabtree, 

Attached you should find three attachments; one is a transmittal letter to you; another is our report describing a 
commercial fishery fai lure due to a fishery resource disaster for Florida's oyster harvesting areas in the Gulf of Mexico, 
particularly those in Apa lachicola Bay, pursuant to Section 312(a) of the Magnuson-Stevens Fishery Conservation and 
Management Act; and a third is a supplemental document of appendices in support of the report. We are also mailing 
paper copies to you .. We intend on issuing a press release this morning about the document. Please let me know if 
you have any questions or if any of the documents were removed by one of our servers because of the size. 

Jim 

Jim Estes 

Deputy Division Director, Division of Marine Fisheries Management 
Florida Fish and Wildlife Conservation Commission 
2590 Executive Center Circle E, Suite 201 
Tallahassee, FL 32301 
850-617-9622 
Fax: 850-487-4847 

EXHIBIT 
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Florida Fish 
and Wildlife 
Conservation 
Commission 

Commissioners 
Richard A. Corbett 
Chairman 
Tampa 

Brian S. Yablonski 
Vice Chairman 
Tallahassee 

Ronald M. Bergeron 
Fort Lauderdale 

Aliese P. "Liesa' Priddy 
/mmoka/ee 

Bo Rivard 
Panama City 

Charles W. Roberts Ill 
Tallahassee 

Kenneth W. Wright 
Winter Park 

Executive Staff 
Nick Wiley 
Executive Director 

Greg Holder 
Assistant Executive Director 

Karen Ventimiglia 
Chief of Staff 

Office of the 
Executive Director 
Nick Wiley 
Executive Director 

(850) 487-3796 
(850) 921-5786 
FAX 

Managing fish and wildlife 
resources for their long-term 
we/I-being and the benefit 
of people. 

620 South Meridian Street 
Tallahassee, Florida 
32399-1600 
Voice: (850) 488-4676 

Hearing/speech-Impaired: 
(800) 955-8771 (T) 
(800) 955-8770 (VJ 

MyFWC.com 

August 5, 2013 

Dr. Roy Cr abtree, Regional Administrator 
NOAA Fisheries Service, Southeast Regional Office 
263 13~h Avenue South 
Saint Petersburg, Florida 33701 

REc Flocidfyommer~ster Fishe,y Failuce 

Deac D,. ff~ · 
The Florida FishUd Wildlife Conservation Commission is pleased to provide your 
office with the enclosed Report and Supplemental Document in support of Florida 
Governor Rick Scott's request to Secretary Rebecca Blank to declare a commercial 
fishery failure due to a fishery resource disaster for Florida's oyster harvesting areas 
in the Gulf of Mexico, particularly those in Apalachicola Bay, pursuant to Section 
312(a) of the Magnuson-Stevens Fishery Conservation and Management Act. 

This disaster was the result oflow water flows due to water management policies 
which exacerbated the impact of severe drought conditions experienced in the 
southeast United States. The mechanisms for this disaster have not been 
quantified, but include increased predators and disease from increased salinities and 
decreased oyster nutrition from decreased freshwater input. 

I want to personally thank you and your staff for taking the time to work with us so 
that we could provide the information yom office needs for review of the Florida 
request as timely as possible. 

Please feel free to contact Jim Estes with our Division of Marine Fisheries 
Management at 850-487-0554 if you have any questions. 

Nick Wiley 
Executive Director 

nw/je/lh 
Enclosures 
cc: The Honorable Rick Scott, Governor 

Richard A Corbett, Chairman 
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STATE OF FLORIDA 
FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION 

Order No. EO 10-19 Early Opening of the Summer Harvest Season for Oysters 
In Apalachicola Bay Established in Rule 68B-27.019 (l)(a)l, 
F.A.C. 

The Fish and Wildlife Conservation Commission of the State of Florida, acting under the 
authority of Article IV, Section 9, of the Florida Constitution, and acting through its Executive 

Director under Delegations of Authority Paragraph 17 and Paragraph 22, Executive Order of the 

Governor Number 10-99, dated April, 30, 2010, hereby opens the summer harvest season for 

oysters in Apalachicola Bay, Franklin County, Florida effective May 21, 2010. This action is 

taken in order to relieve economic hardships on the commercial fishing industry that may occur 

in the area due to the BP Deepwater Horizon oil spill. This action is authorized only as follows: 

1. All other provisions governing harvest of oysters in Apalachicola Bay remain in 

effect. 

2. This order shall take effect at 12:01 a.m. EDT, May 21, 2010 and shall expire at 

12:01 a.m. EDT, June 1, 2010. 

Specific Authority: 

Law Implemented: 

Effective Date: 

Article IV. Section 9, Florida Constitution 

Article IV, Section 9, Florida Constitution and Executive Order of 

the Governor Number 10-99, dated April, 30, 2010 and 120.81 (5), 
Florida Statutes 

12:01 a.m. EDT, May 21 , 2010 

Given under my hand and seal of the Florida Fish 

And Wildlife Conservation Commission on this 

20th dayofMay 2010. 

/signed/ 

Nick Wiley 

Executive Director 

Attest: _____ ------'/s~i=-gn=ed/c.=_ _______ _ 

Agency Clerk f EXHIBIT 
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STATE OF FLORIDA 
FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION 

Order No. EO 10-25 Additional Oyster Harvest Days for Apalachicola Bay 

The Fish and Wildlife Conservation Commission of the State of Florida, acting under the authority of 
Article JV, Section 9, of the Florida Constitution, and acting through its Executive Director under 
Delegations of Authority Paragraph 17 and Paragraph 22, Executive Order of the Governor Number 
I 0-99, as amended, hereby opens the harvest for oysters in Apalachicola Bay, Franklin County, 
Florida on Saturdays, so long as Apalachicola Bay is not closed for public health pwposes. This 
action is taken in order to relieve economic hardships on the commercial fishing industry that may 
occur in the area due to tbe BP Deepwater Horizon oil spill. This action is authorized on1y as follows: 

1. Harvest for oysters in Apalachicola Bay is hereby opened on Saturdays, notwithstanding 
anything to the contrary in rule 68B-27.0l 7, Florida Administrative Code. 

2. All other provisions governing harvest of oysters in Apalachicola Bay remain in effect. 

3. This order shall take effect at 12:01 a.m. EDT, June 5, 2010, shall expire August 31,2010, 
and shall be limited to when Apalachicola Bay is not closed for public health purposes. 

Specific Authority: 

Law Implemented: 

Effective Date: 

Article N, Section 9, Florida Constitution 

Artic le IV, Section 9, Florida Constitution and Executive Order of the 
Governor N umber 10-99, dated April, 30, 2010 and 120.8 1(5), 
Florida Statutes 

12:01 a.m. EDT, June 5, 2010 

Given under my hand and seal of the Florida 
Fish and Wildlife Conservation Commission 
on this 4th day of June 2010. 

___ ____ /signed/ _____ _ 

Nick Wiley 
Executive Director 

Attest _____ /signed/ ____ _ 
Agency Clerk 

-
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STATE OF FLORIDA 
FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION 

Order No. EO 10-32 Additional Oyster Harvest Days and Areas for 
Apalachicola Bay 

The Fish and Wildlife Conservation Commission of the State of Florida, acting under the authority of 
Article IV, Section 9, of the Florida Constitution, and acting through its Executive Director under 
Delegations of Authority Paragraph 17 and Paragraph 22, Executive Order of the Governor Nwnber 
10-99, as amended, hereby opens the harvest for oysters in Apalachicola Bay, Franklin County, 
Florida seven days per week and hereby opens the winter harvesting areas, so long as Apalachicola 
Bay is not closed for public health purposes. This action is taken in order to relieve economic 
hardships on the commercial fishing industry that may occur in the area due to the BP Deepwater 
Horizon oil spill. This action is authorized onJy as follows: 

1. Notwithstanding the prohibition for harvesting on Fridays and Saturdays June through 
August in rule 68B-27.017, Flo1ida Administrative Code, harvest for oysters in Apalachicola 
Bay is hereby opened seven days per week. 

2. Harvest for oysters in areas approved in rule 5L-l.003(1), Florida Administrative Code for 
winter harvesting in Apalachicola Bay, are hereby opened for harvest notwithstanding 
anything to the contrary in rule 68B-27.019, Florida Administrative Code. 

3. All other provisions governing harvest of oysters in Apalachicola Bay remain in effect. 

4. This order shall take effect at 12:01 a.m. EDT, June 18, 2010, shall expire August 31, 
2010, and shall be limited to when Apalachicola Bay is not closed for public health purposes. 

Specific Authority: Article IV, Section 9, Florida Constitution 

Law Implemented: 

Effective Date: 

Attest: 

Al1icle IV, Section 9, Florida Constitution and Executive Order of the 
Governor Number 10-99, dated April, 30, 2010 and 120.81(5), 
Florida Statutes 

12:01 a.m. EDT, June 18, 2010 

Given under my hand and seal of the Florida 
Fish and Wildlife Conservation Commission 
on this l 7th day of June 2010. 

Nick Wiley 
Executive Director 

-------------
Agency Clerk 
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FOR IMMEDIATE RELEASE: FOR MORE INFORMATION: 

June 17, 2010 David Heil: 850 488-5471, or 

Terence McElroy: 850 488-3022 

Florida Provides for Increased Apalachicola Bay Oyster Production 

TALLAHASSEE - Florida Agriculture and Consumer Services Commissioner Charles H. Bronson 

and Chairman Rodney Barreto of the Florida Fish and Wildlife Conservation Commission (FWC) 

today announced that both the winter and summer oyster harvesting areas in the Apalachicola 

Bay System will be opened for harvest seven days per week through August 31, 2010 . 

Before this action was taken, the summer oyster areas were closed for harvest on Fridays in 

June, July and August, and the winter oyster areas were closed altogether for harvest during 

those months. This action marks the first time that the two agencies, which jointly manage 

oyster resources in Florida, have permitted seven day per week harvest during the summer 

months opened the winter oyster areas during the summer months. 

"We are pleased to support Commissioner Bronson in th is effort to help the hard working 

people in Florida's oyster industry," Barreto said. 

Staff of both Agencies will continue to closely monitor Bay water quality, oyster harvest, 

oyster handling and oyster processing to ensure oysters resources are protected and are safe 

to consume. 

"This action should be viewed by the citizens of Florida and the United States that Gulf of 

Mexico seafood in restaurants and markets is safe," Bronson said. "With demand for safe Gulf 

oysters at a peak, this action will benefit both our oyster industry and consumers alike." 

-30-
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Apalachicola Bay, Franklin County Florida Summer and Winter Oyster Harvesting Areas 
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Oyster Resource Assessment Report 
Apalachicola Bay 

August 2012 
Department of Agriculture and Consumer Services 

Division of Aquaculture 

Executive Summary 

Observations and sampling of oyster populations on the primary oyster producing reefs in 
Apalachicola Bay during July 2012 indicated that oyster populations were depicted over most of 
the reef areas sampled and that surviving oyster populations are severely stressed. Staff of the 
Department of Agriculture and Consumer Services' Division of Aquaculture conducted 
assessments of oyster populations after preliminary reconnaissance following the passage of 
Tropical Storm Debby indicated that oyster populations on Cat Point Bar and East Hole Bar were 
in poor condition. More detailed sampling and analyses confirmed the condition of oyster 
resources and suggested that the poor condition was the result of combination of environmental 
factors and fishery practices. Analyses and observations further suggested that Tropical Storm 
Debby was only a minor contributing factor to the overall poor condition of oyster resources and 
confirmed evidence that prolonged drought conditions, continuing low river discharge rates and 
intensive harvesting were adversely affecting oyster populations in Apalachicola Bay. 

This report provides interpretative analyses of sampling data, fisheries data, environmental 
conditions, fishery practices and other factors to describe the current status of oyster resources 
and predict oyster fishery trends for the 2012/ 13 Winter Harvesting Season in Apalachicola Bay. 
Analyses and observations indicate that a combination of factors have resulted in a cascading 
effect that has contributed to the depletion of oyster populations and may lead to longer-term 
debilitation of oyster resources and oyster reef habitats. 

Introduction 

The Florida Department of Agriculture and Consumer Services (DACS) shares responsibility for 
managing oyster resources in Apalachicola Bay with the Florida Fish and Wildlife Conservation 
Commission (FWC); more specifically, the Division of Aquaculture manages oysters fi-om both 
resource development and public health protection perspectives. This report summarizes 
information related to oyster resource compiled by the Division of Aquaculture from 2009 
through August 2012. 

Oyster Fisheries Statistics 

Since 1980, reported landings of oysters in Florida ranged from about 1 to 6.5 million pounds of 
meats: highest landings were reported in the early 1980s, around 6.5 million pounds. 
Apalachicola Bay accounts for about 90% of Florida's landings and about 9% of the landings 
from the Gulf of Mexico (2000-2008 average). Reported oyster landings from Apalachicola Bay 
for 2011 were approximately 2.4 million pounds of meat, representing a slight increase in 
landings from 2010 (Table 1). 

EXHIBIT 

( 

Confidential - S. Ct. 142 UFL_00233414 



1n 2011, oystcrmcn in Franklin County reported landings of 2,380,810 pounds of meats from 
39,176 trips. Landings for Apalachicola Bay are higher than reported for Franklin County, 
because oystermen in neighboring counties may report landings from Apalachicola Bay in those 
counties. 

Table 1. Oyster Landings in Apalachicola Bay, Florida 

Year 

2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 

Pounds 
(Meats) 

2,327,402 
2,333,968 
1,725,776 
1,449,890 
1,502,056 
1,260,996 
2,127,049 
2,645,359 
2,238,482 
2,695,701 
1,938,059 
2,380,810 

Number AB Oyster 
of Trips Harvesting 
Reported Licenses 

25,550 958 
25,261 1, 135 
20,294 914 
18,467 759 
17,692 719 
12,663 714 
22,644 916 
29, 104 1,142 
27,603 1,168 
39,942 1,433 
32,330 1,909 
39,176 1,799 

1,687 

Bags/ 
Trip 

13.9 
14. l 
13.0 
12.0 
12.9 
15.2 
14.3 
13.9 
12.3 
10.2 
9.1 
9.3 

Landings per trip remained relatively stable during 2010 and 2011 , ranging from 9.1 to 9.3 bags 
per trip. Landings per trip continued to trend downward from about 15 bags per trip in 2005 to 
about 9 .3 bags per trip in 2011. Oyster landings and bags per trip do not show a direct 
correlation with the number of ABOHL sold; there were 1,799 ABHOL sold in 2011 and 1,687 
sold in 2012. The dockside value of oyster landed in Franklin County was estimated at $6.64 
million in 2011. 

Oyster landings appear to be correlated with three primary variables; resource availability, 
fishing effort, and market demand. Fishing effort has increased while market demand has been 
highly variable due to economic instability, concerns associated with the Deep Water Horizon 
(DWH) oil spill incident in 2010, and inconsistent supplies .from other Gulf states. 

Oyster Resource Assessments 

The Division has conducted oyster resource surveys on the principle oyster-producing reefs in 
Apalachicola Bay since 1982. This information is used by resource managers to reliably predict 
trends in oyster production; to monitor oyster population dynamics, including recruitment, 
growth, natural mortality, standing stocks; and to determine the impacts of climatic events such 
as hurricanes, floods, and droughts on oyster resources. Sampling oyster populations allows 
resource managers to compare the relative condition of standing stocks over time using a defined 
sampling protocol. The Standard Oyster Resource Management Protocol (SORMP) provides a 
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calculation to estimate production based on the density of legal size oysters collected during a 
defined sampling interval. Production estimates exceeding 400 bags of oysters per acre is 
applied as an indicator of healthy oyster reefs capable of sustaining commercial harvesting. 

The Division of Aquaculture conducted oyster resource assessments on the commercially 
important oyster reefs in Apalachicola Bay during July 2012. Commercially important reefs 
included Cat Point Bar, East Hole Bar and the St. Vincent Bar and Dry Bar reef complex. Oyster 
resource assessments were also conducted on three recently rehabilitated reefs, and on shallow 
and intertidal reefs in St. Vincent Sound. 

Production estimates for July 2012 from Cat Point Bar (287 bags/acre) and East Hole Bar (294 
bags/acre) were the lowest production estimates reported in the past twenty years prior to the 
opening of the Winter Harvesting Season. Similarly, production estimates from St. Vincent Bar 
and Dry Bar (bags per acre) demonstrated depressed production estimates. Estimated oyster 
population parameters for Cat Point Bar, East Hole Bar and St. Vincent / Dry Bar are below 
levels generally observed on these reefs prior to opening the Winter Harvesting Season, and 
suggest that stocks are not sufficiently abundant at this time to support commercial harvesting 
throughout the Winter Harvesting Season. Factors affecting estimated production parameters on 
individual reef complexes are discussed later in this report. 

Cat Point Bar and East Hole Bar have historically been the primary producing reefs in 
Apalachicola Bay. These reefs form a contiguous reef system (except for the Intracoastal 
Waterway) that extends north to south across St. George Sound and separates the sound from 
Apalachicola Bay. Over the past twenty years, landings from these reefs have been critical to 
supporting the oyster fishery in the region. 

Oyster density and estimated production showed marked declines on Cat Point Bar when 
compared to 2011 . Estimated production declined from 417 bags per acre in August 2011 to 287 
bags per acre in July 2012 (Table 2). Oyster densities decreased substantially from 430 to 64 
oysters per square meter over the same sampling interval (Table 2). The decrease in oyster 
density reflects poor recruitment, as well as severely reduced number of oysters in the juvenile 
size classes, and is indicative of the degraded quality of reef substrate and structure. 

Cat Point and East Hole Bar have been subject to a combination of factors that have adversely 
affected oyster populations, oyster reef habitat, and the oyster fishery. Oyster populations over 
much of the reef area are depleted and the quality of the substrate is degraded to a point where 
spat settlement and recruitment have been disrupted. Stress associated with prolonged high 
salinity, high natural mortality and predation, and intensive fishing effort have markedly reduced 
standing stocks of juvenile, sub adult and adult oysters. 

The Dry Bar and St. Vincent Bar complex is a large contiguous reef system in western 
Apalachicola Bay. This reef complex provides a substantial portion of the Bay's landings during 
normal years, but fishing pressure was sporadic during 2011 and 2012. The estimated 
production for Dry Bar-St. Vincent (Table 2) indicated a substantial reduction from 323 bags per 
acre in August 2011 to 215 bags per acre in July 2012. Samples were collected from the Little 
Gully area on Dry Bar, because no live oysters were collected on St. Vincent Bar. St. Vincent 
Bar, extending from Dry Bar southward was considered to be depleted of marketable oysters. 
The oyster population on St. Vincent Bar was likely decimated by stress associated with high 
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salinity, disease and predation. Fishing pressure has declined as a result of reduced standing 
stocks of market-size oysters over the entire reef complex over the past two years. The current 
condition of oyster resources on Dry Bar is not expected to be at levels that will sustain 
commercial harvesting through the 2012/13 Winter Harvesting Season. 

Estimated production parameters for the reef complexes in the western portion of the Bay and 
the "Miles" indicate that standing stocks of market size oysters are at various levels. Standing 
stocks on some reefs will support commercial harvesting, while other reefs show signs of severe 
stress and depletion. Oyster reefs, including North Spur, Green Point and Cabbage Lumps Plant 
Sites are in moderately good condition, with standing stocks and production at levels that will 
support limited commercial harvesting. These plant sites have been planted with processed 
oyster shell within the last three years, and the substrate remains in good condition; size 
frequency distributions are typical of healthy oyster populations. However, these reefs are small 
and overall production will be limited. Also, oysters on these reefs will likely be subject to 
intense predation from rock snails, while salinity levels remain high. Oyster populations on 
shallow and intertidal reefs in the 'Miles ' (Spacey's Flats, Eleven Mile Bar, Picolene Bar) are 
also severely stressed, showing signs of intense predation and natural mortality. Bars in 
northwestern Apalachicola Bay and eastern St. Vincent Sound, including Green Point, North 
Spur and Cabbage Lumps are more strongly influenced by river flows than bars located further 
away from the river mouth. Prevailing flows and circulation patterns move plumes of freshwater 
westward from the river over these reefs before they are dispersed throughout the Bay and St. 
Vincent Sound. 

The Standard Oyster Resource Management Protocol 

Continuous monitoring and data analyses have allowed resource managers to develop a scale 
using defined sampling protocol to determine the relative condition of oyster resources based on 
estimated production parameters. The Standard Oyster Resource Management Protocol 
(SORMP) provides that estimated production exceeding 400 bags of oysters per acre is applied 
as an indicator of healthy oyster reefs capable of sustaining commercial harvesting. 
Accordingly, oyster populations are 1) capable of supporting limited commercial harvesting 
when stocks exceed 200 bags/acre, 2) below levels necessary to support commercial harvesting 
when stocks fall below 200 bags/acre, and 3) considered depleted when marketable stocks are 
below 100 bags/acre. Generally, production from Cat Point Bar has been the most accurate 
indicator of oyster production in Apalachicola Bay, but East Hole Bar and St. Vincent Bar are 
also reliable indicators of the condition of oyster resources throughout the Bay. This scale forms 
the basis for the Standard Oyster Resource Management Protocol provided in Subsection 68B-
27.017, Florida Administrative Code, which has been used as the criteria for setting the number 
of harvesting days in the Winter Harvesting Season in Apalachicola Bay. 

Depletion of Oyster Resources 

Standing Stocks and Commercial Production Estimates 

Size frequency distributions for oyster standing stocks are strong indicators of the health of 
oyster populations and are useful for predicting fishery trends. Size distributions among oyster 
populations are used to evaluate recruitment to the population, recruitment of juveniles to market 
size, growth, survival and potential production. Accordingly, size frequency distributions can be 
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used to evaluate oyster depiction events. Current analyses of size frequency distributions and 
oyster standing stocks indicate that oyster populations on the major producing reefs in 
Apalachicola Bay are experiencing an on-going depletion event. 

Oyster populations can be depleted from a number of factors; including climatic conditions, 
water quality, drought and flood events, catastrophic storms and hurricanes, natural mortality 
from diseases and predation, and fisheries. Most of the time, depletions occur because of a 
combination of these factors (multiple stressors). 

Data analyses and observations on the major reef complexes showed substantial losses of oyster 
populations over the past two years, with severe declines in oyster densities, standing stocks and 
production estimates. Declining populations can be attributed to less than optimal environmental 
conditions (prolonged drought, reduced river discharge rates, high salinity), storm events 
(Tropical Storm Debby), and increased predation and natural mortality, weak recruitment, and 
extensive harvesting on the major reefs. It is evident from divers' observations that many reefs 
in Apalachicola Bay are showing the negative effects of decreased rainfall and freshwater flow 
rates from the Apalachicola River over the past two years, including depressed recruitment and 
increased natural oyster mortality (predation, disease, and stress associated with high salinity 
regimes). Additionally, the Jong-term impairment of reef structure (reef elevations, shell matrix, 
and shell balance) is of serious concern. Each of the factors contributing to oyster depletion in 
Apalachicola Bay are discussed below. 

Prolonged Drought and Elevated Salinity 

Adverse environmental conditions can have a devastating effect on oyster populations; and high 
salinity is among the most detrimental factors. Because oysters are sessile animals, they are not 
capable of moving when environmental conditions become less than optimal or sometimes 
lethal. Wbile oysters can tolerate a wide range of salinities, prolonged exposure to less than 
optimal conditions will adversely impact affected populations. Oysters become physiologically 
stressed when salinity levels are below or above optimal levels (10-25 ppt) for extended periods, 
affecting reproductive potential, spatfall, recruitment, growth and survival. 

Rainfall and concomitant river discharge are essential for productive oyster populations in 
Apalachicola Bay, and provide three critical requirements for survival. First, survival depends 
upon salinity regimes that are suitable for oysters to reproduce, grow and survive. Rainfall in the 
drainage basin and discharge into the Bay are essential, as productive oyster populations require 
a combination for fresh water and marine waters. Fluctuating salinity regimes, within the 
oyster's tolerance limits, is the single most important factor influencing oyster populations in 
Apalachicola Bay. Second, rainfall, flooding in the flood plain, and river discharge into the Bay 
are essential for supplying nutrients and detritus necessary to nourish and sustain food webs and 
trophic dynamics within the estuarine system. And third, rainfall and river discharge is a critical 
factor driving fluctuations in salinity levels that prevent destructive predators with marine 
affinities from becoming established in the Bay. The critical influences of rainfall and river 
discharge were severely diminished during the past two years. The region and much of the 
drainage basin have been subject to extensive drought during 2011 and 2012, and these 
conditions have been reflected in low river stages and low river discharge rates. 

5 

Confidential - S. Ct. 142 UFL_ 00233418 



Although, environmental conditions improved with relatively normal rainfall and river discharge 
in 2009 and early 2010, and abundant spat fall was reported on Cat Point and East Hole Bars 
during 2010, oyster resources have not rebounded completely. Conditions began to decline and 
drought conditions have persisted in the Apalachicola River Basin since August 2010. With 
drought conditions returning to the region, decreased rainfall and river discharge have 
contributed to stress on oyster populations .in Apalachicola Bay. 

The Florida Panhandle and the Apalachicola River (ACF) drainage basin have experienced 
prolonged drought conditions for several years, and the reduced freshwater input into 
Apalachicola Bay bas seriously affected oyster populations in the Bay. Poor recruitment and 
poor survival can be directly att:Iibuted to prolonged high-salinity environment, which is also 
confirmed by the presence of marine predators, primarily stone crabs and Florida rock snails 
(oyster drills). The predators are present in great numbers and are currently overwhelming 
oyster populations throughout Apalachicola Bay. Petes et al, (2012) and Wilber (1992) 
investigated the effects of reduced freshwater flows on oyster populations in Apalachicola Bay 
and reported adverse impacts resulting from low river flows. 

Natural Mortality and Predation 

The combination of high salinity and high water temperatures are known to severely stress oyster 
populations and may result in massive mortality events. It is highly likely that these 
environmental factors have contributed substantially to natural mortality and low recruitment in 
the Bay. High salinity and high water temperatures also correlate with the increased prevalence 
and intensity of the oyster parasite, Perkinsus marinus. This parasite ( dermo) is often associated 
with oyster mortality in the hotter summer months and is commonly described as 'Summer 
Mortality Syndrome' in Florida. The Department participates in the Oyster Sentinel Program in 
the Gulf and monitors the presence and intensity of P. marinus in oysters in Apalachicola Bay. 

Observations by divers confirmed the presence and abundance of stone crabs, Menippe 
mercenaria, on the primary oyster reefs in Apalachicola Bay. Stone crab burrows are easy to 
recognize and the appetite of these destructive predators is obvious. Stone crab burrows are 
surrounded by living and dead oysters; the result of crabs actively foraging and bringing live 
oysters to their burrows. The shells of devoured oysters are also present and form a ring around 
burrows. Examining dead oyster shell provides confirmation of the crushing action of stone 
crabs on the shell of oysters. Stone crabs are considered primary predators of oysters when 
salinities remain high for extended periods and crab populations become established on oyster 
reefs. 

Observations and sampling confirmed the presence and abundance of the Florida rock snail, 
Stramonita haemastoma, (fonnerly Thais haemastoma), a destructive snail commonly referred to 
as an oyster drill. Oyster drills arc considered as one of the most serious oyster predators along 
Florida' s Gulf Coast, and have become established in Apalachicola Bay over the past two years. 
Reports from oystermen suggest that drills are more abundant than at any time in recent memory. 
It appears that drill populations are moving farther into the estuary as oyster populations in the 
more marine portions of the Bay are depleted. High numbers of drills were found wherever 
viable oyster populations were observed. The presence and establishment of snail populations 
correlate with prolonged high salinity waters. It is also disturbing that drills are completing their 

6 

Confidential - S. Ct. 142 UFL_00233419 



life cycles within the estuary, since egg cases, juvenile, subadult and adult snails arc abundant on 
oyster reefs. 

Additionally, the Florida crown conch, Melongena corona, was commonly observed on oyster 
reefs. These conchs are also known to be serious oyster predators with marine affmities. Mud 
crabs of various species are also common predators on oyster reefs, generally attacking spat and 
smaller juvenile oysters. 

Increased stress associated with high salinity regimes acts to exacerbate the level and intensity of 
predation by weakening oysters. Prolonged periods of high salinity result in natural mortality 
from predation which can have a significant impact on oyster populations and result in serious 
economic losses to commercial oyster fisheries . The presence and abundance of marine 
predators on oyster reefs in Apalachicola Bay the long duration of high salinity conditions within 
the estuary. 

Harvesting Pressure 

Declining oyster population parameters can be associated with harvesting, as well as 
environmental influences and natural mortality. Reported oyster landings for Franklin County in 
2011 increased marginally over 2010 in both production and bags per trip, but harvesting 
pressure (as measured in reported trips) increased by about 20 percent. Oyster population 
parameters for Cat Point Bar and East Hole Bar suggest that oyster abundances and potential 
production is markedly depressed, possibly reflecting the effects of continuous harvesting, poor 
harvesting practices, as well as, less than optimal environmental conditions in 20 IO and 2011. 
Over harvesting is most damaging when environmental conditions are less than optimal , 
recruitment is Low, and natural mortality is high. 

Resource managers believe that several activities associated with harvesting have had a 
detrimental impact on standing stocks and oyster resources on the primary producing reefs in St. 
George Sound in eastern Apalachicola Bay. The standing stocks of juvenile, sub-legal, and 
market-size oysters suggest that the overall condition of many reefs has declined substantially 
over the past two years as a result of continuous harvesting from Cat Point and East Hole Bars, 
concentrated and intensive harvesting by the majority of the fishing fleet, and the excessive 
harvesting of sub-legal oysters. 

Vessel counts during the 2011/12 Winter Harvesting Season show that about 60 percent of the 
fishing fleet was concentrated on Cat Point and East Hole Bars. Fishing effort often averaged 
more than 120 vessels per day throughout 2011 and 2012 placing added pressure on Cat Point 
and East Hole Bars. In response to limiting the number of hours harvest can occur each day to 
control for Vibrio vulnificus, additional harvesting days during 2011 and 2012 were implemented 
which increased fishing pressure and further deteriorated the condition of the resource. Another 
contributing factor was the management decision to allow harvesting from these reefs during the 
summer of 2010 in response to the oil spill event (April, 2010). This resulted in an intense 
harvesting effort which precluded any recovery time for the resource 

Harvesting pressure is usually high on reefs in the eastern portion of the Bay at the beginning of 
the oyster harvesting season, and in 2011 and 2012 harvesting pressure was almost exclusively 
directed to Cat Point and East Hole Bars. Harvesting pressure on Cat Point Bar and East Hole 
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Bar in St. George Sound demonstrated an upward trend in effort over the past two years. This 
change in fishing effort is not easy to explain, since it does not seem to be strictly associated with 
resource availability. One plausible explanation may be the proximity of St. George Sound to 
Eastpoint, where many licensed oystennen reside and sell their oysters. 

Some of the decline of legal-size oysters can be attributed to the excessive harvesting of sub­
legal oysters. Since 2010, there have been numerous reports of oystermen harvesting oysters 
below the legal size limit, and observations in the marketplace confirmed that the harvest of 
small oysters was very common during the DWH oil spill event and has persisted to the present. 
Excessive harvesting of sub-legal oysters from 2010 through 2012 reduced recruitment among 
sub-legal size classes to legal size, contributing to declining trends in estimated production in 
2012/2013. This situation results from harvesting and culling practices of the fishermen, when 
sub-legal oysters are not culled and returned to the reef to grow to marketable size. 

The practice of harvesting sub-legal oysters appears to be an extension of a "use it or lose it ' 
attitude that prevailed during the fall and winter of 2010. Following the oil spill in April 2010, 
there was an acknowledged threat to oyster resources in Apalachicola Bay, and management 
policies were directed toward harvesting available resources in the face of a growing risk of loss. 
Throughout the period when oil posed an unpredictable threat to the oyster fishery, less effort 
was directed toward enforcing size limits, perhaps, yielding to the view that it would be more 
beneficial to harvest the available resource. But unfortunately, many oystermen have continued 
the same harvesting practices that were allowed during the oil spill threat. 

The Division's 2011 Oyster Resource Assessment Report for Apalach;cola Bay (Division of 
Aquaculture, 2011) stated that oyster population estimates indicated that recruitment would keep 
pace with harvesting pressure and sustain production throughout the 2011/12 Winter Harvesting 
Season: with the caveat that increased harvesting pressure and/or the unabated harvesting of 
sub legal stocks may alter the production / harvesting balance. In 2011, reports of the harvest and 
sale of oysters below the legal size limit was still common practice, and it is now clear that there 
are not sufficient numbers of juvenile and market size oysters to support harvesting throughout 
the up coming season. 

Tropical Storm Debby 

Tropical Storm Debby made its closest approach to Apalachicola Bay on June 25, 2012 before 
moving eastward and making landfall near the mouth of the Suwannee River. Despite the fact 
that Debby never achieved hurricane strength, it was accompanied by moderate storm surge in 
the Big Bend region. Maximum surge at Apalachicola was 3 .51 feet. 

The greatest impacts to oyster reefs were expected to be in St. George Sound and western 
Apalachicola Bay (St. Vincent Bar) because of the long fetch of open water. Scouring was 
expected as a result of storm surge and wave action across the Bay. Fortunately, most of the 
storm surge and strongest wave action occurred during high tides when the reefs are most 
protected from severe hydrological impacts. 

Preliminary reconnaissance following T.S.Debby did not indicate severe disruption of oyster reef 
structure. Examination of shells and live oysters did not display the effects of severe scouring 
(ex. polished shell surfaces, abrasion, dead oysters) and observations by divers did not 
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demonstrate extensive disruption of the reefs surface (suspension and deposition of reef shell 
and sediments, concretion of reef material, or burial of shell and living oysters). Although reef 
areas were sometimes devoid of live oysters, clusters of oysters were present in adjacent areas 
that did not indicate severe disturbance. Scouring and wave action may have impacted reef 
surfaces and oyster resources in some areas, but widespread damage to reef structure was not 
observed. 

Heavy rainfall and coastal flooding may have an adverse impact on oyster reefs closest to the 
river and distributaries in the river delta, but the sudden influx of freshwater did not appear to 
cause extensive oyster mortalities on reefs away from the river delta (reefs in the Winter 
Harvesting Areas). Preliminary reconnaissance and sampling did not identify oyster populations 
where mass mortalities occurred; it is generally apparent when a mass mortality event occurs 
from a freshet or poor water quality (low dissolved oxygen concentrations). However, it remains 
likely that oyster populations in close proximity to the river delta may be subject to prolonged 
low salinity and associated low dissolved oxygen concentrations, and may suffer mortalities. 
There have been some reports of recent mortalities (late July) among oysters on reefs in the 
Summer Harvesting Area (Norman' s Lumps). 

Fishery Management Implications 

The Department of Agriculture and Consumer Services and the Fish and Wildlife Conservation 
Commission enacted several policies that allowed oystermen a greater opportunity to harvest 
available oyster resources in Apalachicola Bay in response to the Deepwater Horizon oil spill 
event and national shellfish program requirements. The Executive Director of the FWCC signed 
an Executive Order that allowed commercial harvest of oysters from Apalachicola Bay seven 
days a week beginning September 1, 2011, contingent upon the Standard Oyster Resource 
Management Protocol (SORMP). On June 1, 2012, the FWCC enacted rule amendments in 
Chapter 68B-27.017 that allowed harvesting of oysters seven days a week, year round in 
Apalachicola Bay. This action was taken, in part, to accommodate commercial oyster fishermen 
for time on the water harvesting that was decreased as a result of recent management practices to 
enhance public health protection. These practices, consistent with national Vibrio vuinificus 
reduction criteria, imposed more stringent limitations on harvesting times from April through 
November. 

Subsection 68B-27 .0 I 7( l )(a), Florida Administrative Code, provides that oysters may be 
harvested for commercial purposes on any day of the week. Subsection ( l )(b) provides that - If 
during the period of November 16 through May 31 DACS establishes that the oyster resources 
on Cat Point Bar and East Hole Bar can not sustain a harvest of 300 bags per acre (SORMP), 
then the harvest of oysters for commercial purposes shall be prohibited on Saturdays and 
Sundays. Results of the current assessment indicated that estimated production on Cat Point Bar 
and East Hole Bar may not exceed the level provided in the SORMP for DACS to recommend 
that oyster harvesting for commercial purposes be continued at seven days a week. Oyster 
resources will be re-assessed in November and recommendations will be forwarded to the 
Florida Fish and Wildlife Conservation Commission. 
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Fishery Trends 

Analyses of oyster resource assessment data over the past two years indicate several general 
conclusions regarding oyster resources in Apalachicola Bay. 

The outlook for oyster production for the 2012/2013 Winter Harvesting Season in St. George 
Sound (Cat Point, East Hole, Porters Bar and Platform) is described as ''poor". lt appears 
unlikely that oyster populations on Cat Point and East Hole Bars can sustain concentrated 
harvesting effort throughout the Winter Harvesting Season. 

Declining population estimates over the past two years generally indicated that oyster 
populations are severely stressed. Although oyster population parameters for 2010 and 2011 
reflected relatively stable production estimates, declines in 2012 suggest that overall resource 
availability may not be capable of sustaining current harvesting levels (bags per trip). The 
number of bags per trip has continued to decline over the past five years. 

Prior to 2009, the demand for oysters from Apalachicola Bay was a primary factor limiting 
harvests, as harvests did not appear to be limited by available stocks. Higher landings in 2009 
likely reflected strengthening market demand and increased fishing effort rather than increased 
resource availability. However, in 2011/2012 demand for Apalachicola Bay oysters increased 
because of reduced production from historically productive areas in other Gulf states, while 
oyster resources in the Bay have suffered during the current drought. Consequently, oyster 
resources may not be adequate to support increased harvesting pressure and meet increased 
demand throughout the upcoming season. 

Table 2. Cat Point Bar Population Estimates: September 2008 to July 2012. 

Sample Oyster Mean Density Ovsters - Bags 
Quadrat Number Leng. 

Date (0.25m) (n) (mm) (/m) >50mm (%) >75mm (%) (Im) 1000x (/ac) (lac) 

09/08 20 616 55.2 123.2 66.2 17.21 21 .2 85.8 381 

11/08 10 564 52.0 225.6 55.7 19.33 43.6 176.4 784 

12/08 10 333 56.9 133.2 66.1 24.92 33.1 134.3 597 

08/09 20 828 50.1 165.6 49.9 15.10 25.0 101 .1 449 

11/09 10 626 48.2 250.4 50.2 7.83 19.6 79.3 352 

04/10 20 969 48.4 193.8 46.7 9.91 19.2 77.7 345 

08/10 20 1,043 50.5 208.6 53.9 8.92 18.6 75.3 334 

11/10 20 865 52.8 173.0 63.7 12.25 21 .2 85.7 381 

08/11 15 1,611 48.2 429.6 48.5 5.40 23.2 93.9 417 

07/12 10 161 58.8 64.4 67.1 24.84 15.9 64.7 287 
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Table 2. East Hole Bar Population Estimates: November 2008 to July 2012. 

Sample Oyster Mean Density Oysters - Bags 

Quadrat Number Leng. 
Date (0.25m) (n) (mm) (Im) >50mm (%) >75mm (%) (/m) 1000x (lac) (lac) 

11/08 10 318 57.5 127.2 69.1 22.33 28.4 114.9 510 

09/09 20 1,023 49.3 204.6 50.7 9.09 18.5 75.2 334 

11/10 10 682 47.0 272.8 48.6 9.38 25.6 103.6 460 

07/12 10 127 60.8 50.8 65.3 32.28 16.3 66.3 294 

Table 2. Dry Bar Population Estimates: September 2008 to July 2012. 

Sample Oyster Mean Density Oysters - Bags 

Quadrat Number Leng. 
Date (0.25m) {n) {mm) {/m) >50mm {%) >75mm {%) (Im) 1000x (/ac) {/ac) 

09/08 20 1,467 54.0 293.4 64.1 14.86 43.6 176.4 784 

12/08 10 986 47.1 394.4 49.8 7.81 30.8 124.6 554 

08/09 20 1,353 46.6 272.6 41.2 6.31 17.2 69.6 309 

11/09 10 589 45.6 235.6 41.7 7.13 16.7 67.9 302 

08/10 20 877 50.2 175.4 50.5 10.83 18.9 76.8 341 

11/10 20 1,313 43.1 262.5 34.4 11.65 30.5 123.8 550 

08/11 15 567 47.5 151.2 44.8 11 .90 17.9 72.7 323 

07/12 10" 150 56.0 60.0 66.0 20.0 12.0 48.6 2158 

a - Samples collected from Little Gully on Dry Bar. No live oysters were collected from St. Vincent Bar 

Table 2. North Spur (Plant) Population Estimates: September 2008 - July 2012. 

Sam lie Ovster Mean Density Oysters - Bags 
Quadrat Number Leng. 

Date {0.25m) {n) {mm) {/m) >50mm (%) >75mm (%) (Im) 1000x (/ac) (lac) 

09/08 5 284 52.9 227.2 60.6 10.56 23.9 97.0 431 

09/09 10 541 49.5 216.4 49.9 12.75 27.5 111 .6 496 

04/10 5 1040 48.0 832.0 50.4 5.10 42.4 171.7 763 

08/11 5 269 52.9 215.2 58.0 15.99 34.4 139.2 619 
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I 01,12 I 10 I 362 I 53.4 I 144.8 I s1,5 I 18.23 I 26.4 I 106.8 1 

Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012. 

Sam lie Ovster Mean Densit~ O~ters - Baas 
Quadrat Number Leng. 

Date (0.25m) (n) (mm) Um) >50mm (%) >75mm (%) Um) 1000x (lac) (lac) 

09/08 10 482 58.8 192.2 75.9 20.33 39.2 158.6 705 

09/09 10 274541 48.2 109.6 44.1 17.52 19.2 77.7 345 

09/11 10 510 54.4 204.0 65.5 12.94 26.4 106.5 474 

07/12 5 125 59.6 100.0 65.0 28.00 28.0 113.3 503 
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The contemporaneous data I analyzed indicated that fishing pressure and harvest practices
used on the oyster population in Apalachicola Bay were excessive, unprecedented, and un-
sustainable, and collectively caused the collapse of the Apalachicola Bay oyster population
in 2012, as indicated by:

• fishing effort and landings were at the highest levels of the contemporary reporting
period (1986-2014) in the two years immediately preceding the fishery collapse;

• the number of oyster fishers licensed by the State of Florida increased considerably from
2009 through 2012 to high values not observed since 1990;

• Catch Per Unit Effort (CPUE), a measure of fishing efficiency calculated as oyster
landings per fishing trip, began to decline precipitously in 2009, eventually dropping
and remaining below historical low values last observed in 1992;

• fishery exploitation rates increased spectacularly from 2009 through 2012–monthly rates
in 2011 and 2012 were in the top 6% of those in the 336 months from 1986 to 2014,
and annual rates exceeded those deemed sustainable in oyster fisheries; moreover, as
the population declined through 2012, oyster fishers were catching a higher fraction of
oysters, a practice known as depensatory fishing;

• population persistence, population recovery, and fishery yield depend critically on habi-
tat quality, such that inadequate consideration of habitat degradation due to oyster
harvest practices will lead to fishery collapse, even when a traditional stock assessment
deems the fishery stock not to be overfished; and,

• removal of shell substrate from the Apalachicola Bay oyster grounds during the period
prior to and during 2012 was excessive and not replenished adequately (Section 11.2).

• Thus, unsustainable fishing pressure and harvest practices led to the col-
lapse of the Apalachicola Bay oyster fishery in 2012.

7.2 Unsustainable Fishing Pressure and Harvest Practices

As noted in Florida Governor Rick Scott’s letter to the Department of Commerce request-
ing that the U.S. government declare a federal fisheries disaster in Florida’s Gulf of Mexico
fisheries, “[h]arvesting pressures and practices were altered to increase fishing effort, as mea-
sured in reported trips, due to the closure of oyster harvesting in contiguous states during
2010. This led to overharvesting of illegal and sub-legal oysters further damaging an already
stressed population.” (Knickerbocker Ex. 20). Governor Scott also attached the August
2012 FDAC Oyster Resource Assessment Report to his request. This report stated that
harvesting pressure contributed to declining stocks of “juvenile, sub-legal, and market-sized
oysters” due to “continuous harvesting” of Apalachicola Bay’s primary oyster bars, Cat Point
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and East Hole. (FDACS August 2012 Assessment at p. 7). The report continued that the
“excessive harvesting of sub-legal oysters” contributed to declines in legal-size oysters, and
that this “excessive harvesting” started after the Deepwater Horizon oil spill event, but then
continued through at least August 2012. (FDACS August 2012 Assessment at p. 8) My
findings are largely consistent with the findings of the Governor’s letter and accompanying
report, as detailed below.

Unsustainable fishing pressure by recruitment overfishing (i.e., harvesting too great a
fraction of the reproductive segment of the population–spawning stock) can lead to recruit-
ment failure (i.e., too few juveniles entering the fishable segment of the population). This
can occur when too few larvae are produced, such as when densities of adults in a habitat
are too low or when fertilization efficiency is greatly reduced, or when the requisite substrate
(shell) for larval settlement and juvenile survival is inadequate. To reduce the risk of fishery
collapse, fishery managers typically attempt to control fishing effort (e.g., number of fishing
licenses or trips) or catch (i.e., fishery landings) or both. For example, when a fishery stock
is at risk (e.g., abundance declining past a biomass threshhold, or exposed to a natural envi-
ronmental stress), a risk-averse management approach based on the precautionary principle
dictates that fishing effort and catch be capped at current levels, or reduced to allow the
fished population to recover from a decline or withstand environmental stress. In the case of
exploited populations that are also reliant on habitat, ecosystem-based fishery management
approaches are indicated, such as enhanced re-shelling of oyster bars or minimization of
harmful fishing practices on oyster bars (i.e., removal of shell). In addition, managers must
attempt to eliminate sublegal and illegal fishing practices, which by themselves can deplete
a population to fishery collapse. Established measures of fishing pressure, including (i) fish-
ery landings, (ii) fishing effort represented by the number of fishing trips, (iii) fishing effort
represented by the number of licensed fishers, and (iv) fishing mortality, were assessed to
determine if there was excessive fishing pressure on the Apalachicola Bay oyster population
and habitat in the years immediately preceding the fishery collapse.

7.2.1 Fishery Landings

Landings data provide one measure of fishing pressure. Annual landings data for Franklin
County reflect harvest of oysters in Apalachicola Bay (Figure 4). These data were down-
loaded from the FWC website (https://public.myfwc.com/FWRI/PFDM/ReportCreator.
aspx). This analysis relied on data from 1986-2014 because these were the longest landings
time series that were standardized as to the data reporting system. Landings data reporting
became mandatory in 1986; prior to 1986 reporting was voluntary. Data prior to 1986 were
thus not used because those data could not be compared directly with the data after 1985
due to the change in reporting system. This situation is common in fishery management;
the solution is to use standardized data in analyses of fishery performance.

Oyster fishery landings from Franklin County in 2011 and 2012 were the two highest in
the time series (Figure 17). In addition, Franklin County landings from 2007-2012 encom-
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passed four of the five highest landings since 1986, and were consistently above the time
series average (Figure 17). Accordingly, the level of fishing pressure (as measured by land-
ings) on oysters in Apalachicola Bay in the years preceding the collapse was the highest
during the entire contemporary period of record (1986-2014) comprising standardized har-
vest data. Note that the landings may have been high due to significantly higher oyster
abundance, not just excessive fishing pressure. This alternative, though, is not supported
by the evidence on population abundance presented in Section 6.

7.2.2 Fishing Effort–Trips and Catch per Unit Effort (CPUE)

Another measure of fishing pressure is derived from fishing effort, which can be estimated
by the number of fishing trips and by the number of license holders. The first estimate was
calculated as the annual number of fishing trips by Franklin County oyster fishers (Figure
8). Data on fishing trips were downloaded from the FWC website (https://public.myfwc.
com/FWRI/PFDM/ReportCreator.aspx).

Figure 8: Number of fishing trips per year (grey bars) and CPUE as catch
per fishing trip (square symbols connected by line) by the oyster fishery
in Franklin County. Catch per trip was calculated as landings divided by
trips. The blue shaded rectangle encompasses the three highest numbers
of fishing trips (2009, 2011, 2012) in the contemporary historical record
from 1986 through 2014. The blue dotted line is the average of the trips
time series.

As with Franklin County landings, the number of fishing trips executed by Franklin
County oyster fishers in 2011 and 2012 were the two highest in the time series (Figure
8). The third highest value in the time series was in 2009 and fifth highest was in 2010,
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indicating that fishing pressure (as measured by fishing trips) on oysters in Apalachicola
Bay was extreme in the years preceding the collapse.

Fishery efficiency, as estimated by the catch per fishing trip (usually referred to as Catch
per Unit Effort–CPUE), began to decline precipitously in 2009, having dropped to a low
level last observed in 1992. This drop happened at the same time that the number of fishing
trips rose significantly above the time series average (Figure 8). Catch per trip continued
to decline below the time series average through 2012, eventually reaching lowest values in
2013 and 2014.

The significant decline in CPUE from 2009 through 2012 along with the very high fishing
effort (fishing trips) reflected excessive fishing pressure and inefficient fishing performance,
which are warning signs that often precede fishery collapse, and which should have triggered
risk-averse management actions for the Apalachicola Bay oyster fishery.

7.2.3 Fishing Effort–Licenses

Another surrogate measure of fishing effort was estimated by the number of licensed oyster
fishers in Apalachicola Bay from 1986 through 2012 (Figure 9). The data were derived from
document UFL 00088115.xls and were checked against the data in the Oyster Resource As-
sessment Report, Apalachicola Bay, August 2012 by the Florida Department of Agriculture
and Consumer Services, Division of Aquaculture (http://www.freshfromflorida.com/
content/download/5108/90903/). The number of licensed fishers per year in Apalachicola
Bay from 2009-2012, which encompasses the period subsequent to the Deepwater Horizon
oil spill and immediately before the fishery collapse, ranged from 774-972 (Figure 9). All of
these values were well above the 1986-2012 average of 644 licensed fishers, indicating high
nominal fishing effort.

7.2.4 Exploitation Rate

Exploitation rate is the fraction of the fishable population harvested by the fishery per unit
time; in this case, it is the fraction harvested per month (Figure 10) or per year (Figure 11)
in Apalachicola Bay from 1986 through 2013.

Exploitation rate data were derived from Appendix 1 of Pine III et al. (2015). Of the
336 monthly values depicted in Figure 10, 15 of the highest 20 values occurred in 2011
and 2012, and all exploitation rates since 2009 were above the average exploitation rate.
The monthly exploitation rates were used to calculate annual exploitation rates (Figure
11). Annual exploitation rates were at highest levels from 2009 through 2013, ranging
from 45-73%, which greatly exceeded the recommended annual exploitation rate (20%) for
sustainable exploitation of oyster populations in the Gulf of Mexico (Powell et al., 2012).
In addition, extremely high fishing pressure for several years is a key predictor of fishery
collapse (Essington et al., 2015), and contemporaneous analyses by official Florida agencies
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Figure 9: Number of licensed fishers per year in the Apalachicola Bay
oyster fishery. Data were derived from document UFL 00088115.xls.
The blue shaded rectangle encompasses the period subsequent to the Deep-
water Horizon oil spill and immediately before the fishery collapse. The
blue dotted line is the average of the time series.

repeatedly documented the fact of extremely high fishing pressure in the years immediately
preceding the collapse. For example, in the FDACS 2011 Report, p. 3, it noted that “Fishing
effort throughout the winter and spring of 2011 placed added pressure on Cat Point and East
Hole Bars, which, in conjunction with fishing effort that was placed on these reefs during
the summer of 2010 in response to the oil spill event, resulted in a cumulative increase in
harvesting pressure from a relatively limited resource.” This observation is consistent with
my conclusion that the Apalachicola Bay oyster fishery collapsed due to excessively high
exploitation rates in combination with habitat degradation.

7.3 Habitat Degradation and Fishery Collapse

The mechanism by which unsustainable harvest of oysters collapses fisheries involves some
combination of recruitment overfishing and degradation or destruction of oyster reef habi-
tat. Recruitment overfishing entails reduction of the spawning stock and its subsequent
recruitment of young oysters below a level that allows the population to persist (Pine III
et al., 2015). Habitat degradation occurs when the method normally used to harvest oys-
ters (Figure 12) destroys the physical profile of reefs, which places the oysters lower in the
water column where water flow is reduced and sediment accumulation rates are highest,
thereby suffocating oysters and reducing larval settlement (Lenihan, 1999; Newell, 1988). In
contrast, on unexploited high-relief reefs, oyster density and larval recruitment are higher
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7.3 Habitat Degradation and Fishery Collapse 30

Figure 10: Monthly exploitation rate in Apalachicola Bay from 1986
through 2013. Blue shaded rectangle encompasses 2009-2012, immedi-
ately before the fishery collapse. The blue dotted line is the time series
average. The red line is a reference to emphasize the high rates in 2011
and 2012.
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7.3 Habitat Degradation and Fishery Collapse 31

Figure 11: Annual exploitation rate, the fraction of the legal population
harvested by the oyster fishery per year, in Apalachicola Bay from 1986
through 2013. The blue shaded rectangle encompasses 2009 through 2013,
immediately before and during the fishery collapse. The blue dotted line
is the average of the time series.
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the 2012 fishery collapse in Apalachicola Bay.

9.3.6 Assessment of White/Kimbro Population Model and Conclusions

The general model used by Dr. White (integral projection model) is an advanced type of
population model used widely in studies of population dynamics and conservation (Ellner and
Rees, 2006; Rees and Ellner, 2009). In fact, my colleagues and I have a scientific publication
in press on the use of an integral projection model with the Pacific oyster Crassostrea gigas
(Appendix A: Moore, J.L., R.N. Lipcius, B. Puckett and S.J. Schreiber. The demographic
consequences of growing older and bigger in oyster populations. Ecological Applications
in press, doi: 10.1002/eap.1374). However, White’s model contains serious errors in the
parameterization and assumptions underlying the model, which preclude application of the
model results and conclusions to the Apalachicola Bay fishery collapse. Herein I will highlight
some of the issues.

The model used FDACS oyster survey data from one oyster bar, Cat Point, to extrapolate
to conditions throughout the entire Bay. Such an approach does not capture the unique
environment of each oyster reef, as well as the critical distinction between oyster reefs that
are harvested and those that are lightly harvested and/or re-shelled, which have dramatically
different oyster densities of legal and sublegal oysters, as demonstrated in Section 8.5.

In addition, Dr. White decided to run only Dr. Greenblatt’s “unimpacted scenario”
to study the changes in Apalachicola Bays oyster biomass. The “unimpacted scenario,”
however, rests on an assumption that the State of Georgia removes zero water from the
Apalachicola-Chattahoochee-Flint River basin. Such an assumption makes Dr. White’s
model have little practical utility. Dr. White, for instance, did not run any of Dr. Green-
blatt’s remedy scenarios, which I understand are similar to the restrictions the State of
Florida has asked be imposed on the State of Georgia with respect to its water consumption.
Thus, there is no modeled estimate of the effect of practical reductions in water use upon
the Apalachicola Bay oyster population.

The principal conclusion Dr. White offers in his Expert Report does not provide any
specific calculation of the effect of lower water consumption: “High salinity conditions in the
Apalachicola Bay due to reductions in flow of the Apalachicola River by Georgia contributed
to reductions in oyster biomass in Apalachicola Bay from 2007-2012.” Accordingly, this
conclusion provides no valid scientific basis that could allow Dr. Kimbro to draw concrete
conclusions about the relationship between Georgia water consumption, predation and the
collapse of the oyster fishery in 2012.

As an example of mistaken parameterization in the model, I will discuss the function
relating larval growth and survival to salinity in Dr. White’s model. In the report it was
noted that “[oyster larval] recruitment decreased as salinity moved away (higher or lower)
from 15 ppt, which was consistent with reported effects of salinity on larval growth and sur-
vival (e.g., Davis 1956).” The reference was actually Davis (1958), which was cited correctly
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in the report’s Literature Cited section, but which does not conclude that larval survival and
growth are optimal at 15 psu (partial salinity units, previously termed “ppt”). Davis (1958)
actually noted that “The salinity range for development of normal straight-hinge larvae...for
eggs from oysters conditioned at 26.0-27.0 p.p.t. was from 12.5 to above 35.0 p.p.t.” and
that the optimum salinity for growth of larvae of oysters from waters at 26-27 psu “was 17.5
p.p.t.” in one study and “about 22.5 p.p.t.” in another study. Davis (1958) also noted that
oysters raised in low-salinity waters will have lower salinity optima, but that is not relevant
in the case of Apalachicola Bay oysters during drought conditions. Furthermore, the litera-
ture on habitat requirements for larval settlement states “maximal setting at 18 to 22 ppt”
in general for the eastern oyster (Cake, 1983). For example, Cake (1983) cites data from
11 years of spatset data from Louisiana, which found “Setting intensities were consistently
high...between 16 and 24 ppt with a peak of more than 12 spat/cm between 20 and 22 ppt.”
Thus, the parameterization for the larval survival function is in error relative to the case in
Apalachicola Bay during drought, and raises concerns about the veracity of other parameter
and function estimates used in the model.

Hence, I conclude that, as presented, the modeling results and conclusions
cannot address the actual situation underlying the Apalachicola Bay oyster fish-
ery collapse in 2012.

9.4 Stone Crab

The Gulf stone crabMenippe adina ranges from peninsular Florida through the Gulf of Mex-
ico (Figure 29), and supports a major commercial fishery along the Gulf coast of Florida
(Bert and Harrison, 1988), including the counties of Wakulla (Apalachee Bay) and Franklin
(Apalachicola Bay) (http://myfwc.com/media/195801/florida-stone-crab.pdf). In
this region, hybrids of the Gulf stone crab and Florida stone crab Menippe mercenaria
also occur, but are aggregated with Gulf stone crab in landings data (http://myfwc.com/
media/195801/florida-stone-crab.pdf).

The Gulf stone crab was implicated in the fishery collapse by Fish and Wildlife Conser-
vation Commission (2013), as follows:

“Observations by divers confirmed the presence and abundance of stone crabs
(Menippe mercenaria), on the primary oyster reefs in Apalachicola Bay.” and
“Stone crabs are considered the primary predators of oysters when salinities
remain high for extended periods and crab populations become established on
oyster reefs.”

The rationale for this is that the stone crab, like the rock snail, prefer higher salinities,
and should have increased in abundance to some degree during the drought. Consequently,
I examined available data on stone crab landings in both Franklin and Wakulla counties
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10 Ecosystem Productivity of Apalachicola Bay

10.1 Rationale and Findings

Relationships between river flow, salinity, and ecosystem productivity of estuaries along the
Gulf of Mexico, such as Apalachicola Bay, has been investigated in depth (see Livingston
(2014) for a review). In some cases, ecosystem productivity increases with salinity (Liv-
ingston et al., 1997), while in others it decreases (Livingston, 2014). Consequently, I exam-
ined whether or not CPUE of exploited crustaceans, surrogates for Apalachicola Bay produc-
tivity, had dropped significantly during the years of low flow and oyster fishery collapse–2011
through 2013. These data were compared to those for the oyster and stone crab fisheries,
which demonstrated conspicuous declines immediately preceding and during the fishery col-
lapses (Figures 8, The findings indicate that, during and immediately after the years of low
flow and oyster fishery collapse from 2011 through 2013:

• CPUE of white shrimp, pink shrimp and blue crab did not exhibit a significant reduc-
tion;

• landings of these species were either positively correlated or not correlated with river
flow at 0 or 1 year time lags;

• the patterns in CPUE over time differed significantly from those of oyster and stone
crab; and,

• CPUE for shrimp species in Apalachicola Bay (white and pink shrimp) did not dif-
fer from those of the brown rock shrimp, which inhabits deeper waters outside of
Apalachicola Bay.

• Thus, ecosystem production of the blue crab and shrimp during and im-
mediately after the years of low flow and oyster fishery collapse was not
low relative to non-drought years, and was also not correlated with river
flow.

I investigated three species that depend on productivity of Apalachicola Bay, the blue
crab, pink shrimp, and white shrimp (Figure 33). I also investigated data for brown rock
shrimp (Figure 33), even though it is primarily a deep-water species outside of Apalachicola
Bay, to assess whether its patterns in CPUE were similar or different from those of the
three that are abundant in Apalachicola Bay. CPUE was calculated as (landings/fishing
trips) using data for Franklin County derived from the Florida Fish and Wildlife Conserva-
tion Commission website (https://public.myfwc.com/FWRI/PFDM/ReportCreator.aspx).
Blue crab landings were for hard crabs, and did not include landings of soft crabs produced
by shedding operations.

CONFIDENTIAL–S. Ct. 142



10.1 Rationale and Findings 66

Figure 33: (A) white shrimp Litopenaeus setiferus, (B) pink shrimp Farfan-
tepenaeus duorarum, (C) brown rock shrimp Sicyonia brevirostris, and (D)
blue crab Callinectes sapidus. Photo credits: (A) http: // www. ncfishes.

com/ families/ aquatic-invertebrates/ litopenaeus-setiferus/ , (B) http:

// voices. nationalgeographic. com/ 2010/ 02/ 01/ shrimp_ trawl_ excluder_

cuts_ bycatch/ , (C) http: // naturewatch. org. nz/ observations/ 862824 ,
(D) http: // splendidwallpapers. com/ blue-crab-wallpapers. html .
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From: 

Sent: 

To: 
Cc: 
Subject: 

Jack and Nick, 

Havens.Karl 

Tuesday, September 02, 2014 9:31 PM 
Payne,Jack M; Place.Nick T 

Kane,Andrew S 
Apalachicola 

See below from Erik Lovestrand. all that I have heard there may be major politics involved. We will continue to do 
research, education and outreach however I don't see a clear role for IFAS or Sea Grant or the Oyster Recovery Team to 
'act proactively to help' since there may be big politics afoot. The agencies are creating a management plan pretty much 

behind closed doors [from the perspective of the community] and the FWC won't close the bay to harvesting despite 
evidence that the bay's population of oysters is almost 100 percent depleted. 

I'm available to talk more should there be a desire to do this and Andy could join us as someone with much first hand/ 
in the water knowledge. 

This is largely a heads up that when the fall oystering season opens (yesterday) and days go by with no harvest, things 
could quickly get dire in the community. 

My understanding is that there are millions of dollars from Congress to restore the bay .. . so the state has federal money 

to employ oystermen in useful restoration projects. A win-win that is not occurring. 

I don't know why this is not happening (though I have an educated guess) .. vs allowing depletion of the tiny remaining 
amount of oysters, a real collapse of the industry and many people out of work. 

Karl 

Karl Havens, Ph.D. 

Director, Florida Sea Grant 
Professor, University of Florida/I FAS 

Sent from my iPhone 

Begin forwarded message: 

From: Andy Kane <kane@ufl.edu> 
Date: September 2, 2014 at 5:17:43 PM EDT 
To: Karl Havens <khavens@ufl.edu> 

Cc: Jack M Payne <jackpayne@ ufl .edu> 
Subject: Fwd: Today's County Commission meeting 

This is what's been brewing, as nicely captured by Erik. It's "winter season" as of September 1st, and it's 

now a question of who has egg on their face when depletion goes to the point of "worse depletion" that 
closes the fishery. The option of coming up w the relatively sparse dollars needed to engage the limited 
number of honest licensed harvesters, whose income is primarily from oyster harvesting, in a closed-bay 
restoration process, is a win-win alternative to the current (seemingly) one-for-all & all-fo r-one 
maelstrom. EXHIBIT 
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Hope to hear from Luiz soon. Would you like to chat by phone? 

andy 

From my iPhone in Portland 

_J_/_/_/_j_/_J_/_J_J_/_/_J_/ 

Andrew S. Kane, MS, PhD 
Associate Professor of Environmental and Global Health, and Graduate Program Director 
College of Public Health and Health Professions 
University of Florida 

Director, UF Aquatic Pathobiology Laboratories 
Emerging Pathogens Institute 
KANE@UFL.EDU 
(352) 273-9090 - desk 
(352) 213-8407 - cell 

Begin forwarded message: 

From: "Lovestrand,Erik L" <elovestrand@ufl.edu> 
Date: September 2, 2014 at 9:18:46 AM PDT 
To: "Kane,Andrew S" <ka ne@ufl .edu> 
Subject: Today's County Commission meeting 

Hi Dr. Kane, 

There was quite a discussion today during the Franklin County Commission meeting 
regarding the state-of-the-Bay and the lack of information that is forthcoming from the 
"state agencies" involved in looking into the problem. Mainly, people are getting very 
nervous regarding the poor condition of the summer bars now and the bleak outlook for 
what will be available on the winter bars. As often happens in these situations, people 
are emotionally involved as this affects livelihoods and getting increasingly impatient for 
answers on what is happening. Comments were even made from the Commission that 
the "state" doesn' t care and that they won't tell the people what they do know. Also, 
"enough research, we need some communication from these agencies." Most of the 
negativity is typically aimed at DACS and also the blame for allowing over-harvest when 
they thought the oil was coming. I think folks are finally at the realization that the more 
harvest pressure put on the depleted bars, the longer recovery will take and we are in 
for hard times for a long time if we don't deal with this reality. I'm hearing quite a few 
people saying we need to shut down oystering (oystermen and dealers even) but no one 
is willing to do this without an alternative way to pay oystermen, either through a 
shelling program or via disaster assistance. 

The Commission passed a motion to contact the agencies involved and the Governor to 
see what can be done. 

I just wanted to touch base with you and see if you thought the UF Oyster Recovery 
Team might be able to act proactively in any way to help. The Board is looking for 
communication mainly so they feel like they know what is going on. I thought I would 
give a head's-up that this was building. 

2 
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Erik Lovestrand 
UF/IFAS Franklin County Extension Director 
Sea Grant Regional Specialized Agent II 
elovestrand@ufl .edu 
(850) 653-9337 
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EXECUTIVE SUMMARY 
This report summarizes efforts conducted through 
the University of Florida Oyster Recovery Team, in 
collaboration with various stakeholders, to describe 
conditions in Apalachicola Bay prior to and after a historic 
collapse of the oyster fishery. The report characterizes 
conditions in the bay, reviews possible causes for the 
fishery collapse, and outlines a plan for Mure monitoring, 
research and fishery management. Conclusions in this 
report are based on analyses of data collected in historical 
monitoring programs conducted by the Florida Fish and 
Wildlife Conservation Commission, Florida Department 
of Agriculture and Consumer Services, Apalachicola 
National Estuarine Research Reserve (Florida DEP) and 
Northwest Florida Water Management District, as well as 
field, experimental, and community data collected by the 
authors, who are reporting in their capacity as members of 
the UF Oyster Recovery Team. 

Apalachicola River discharge levels are strongly 
influenced by rainfall over the Apalachicola­
Chattahoochee-Flint River Basin. The lower part of 
this basin was frequently classified by the National 
Integrated Drought Information System as in an 
'exceptional drought' during the last three years. 

Water quality data indicate that 2012 was a year of high 
salinity at all monitoring stations in the bay likely caused 
by low river flows and limited local rainfall in most 
months. 

A large decline in oyster landings was reported after 
August 2012 in the bay, and the number of reported 
oyster harvesting trips also dropped off each month 
during the second half of that year. 

The 2012 decline in oyster landings and recruitment of 
juvenile oysters is unprecedented during the period of 
data analyzed and has likely involved recruitment failure 
or high mortality of small oysters. 

Fisheries independent monitoring data, collected by 
state agencies, indicates a general downward trend in 
abundance of legal-sized (3 inch or larger) oysters in 
the bay in recent years and a large decline in sub-legal 
(smaller than 3 inches) oysters present in 2012. 

• Because of the low abundance of sub-legal oysters in 
2012 there is a high likelihood that legal-sized oysters 
will be in low abundance in 2013 and likely in 2014 as 
well. 

The current size limit of 3 inches appears to be effective 
at reducing the risk of "growth overfishing" where 
yield (pounds of meat harvested) is reduced because 
oysters are harvested at too small a size. However, 
it is essential that this size limit be accepted by the 
community, adopted by the industry, and enforced by 
regulatory agencies and the county judicial system. 
Substantial future harvesting of sub-legal oysters could 
have negative effects not only on oyster populations 
but also a serious impact on the national reputation of 
Apalachicola oysters as a high-quality seafood product. 

Oysters, white shrimp, brown shrimp, blue crab and 
multiple finfish species have been analyzed for the 
presence of oil residue. All samples were either below 
the limits of detection or below quantifiable limits. 
Thus, based on analyses conducted so far, there 
is no evidence of chemical contamination from the 
Deepwater Horizon oil spill in the seafood sampled from 
Apalachicola Bay. 

A large percentage of oysters in the bay have some 
degree of shell parasitism by clams, polychaete worms, 
sponges or other organisms. This parasitism negatively 
affects the integrity and aesthetics of the oyster shell, 
the overall growth and productivity of the oysters, and 
the economic value of product bound for the half-shell 
market. There are no historic data to compare degree of 
shell parasitism observed in 2012-2013. 

Recommendatrons 

H'Wt I 

There is a need to continue the monitoring of oysters 
in Apalachicola Bay, both in terms of tracking landings 
reported by oystermen, and in the sampling done by 
state agencies.The fisheries independent monitoring 
program needs to be expanded in its spatial extent to 
include all of the bay where oyster bars occur, including 
areas that are closed to fishing, because these may 
represent important sources of oyster spat. 

Oysters should be included on the list of invertebrate 
species routinely assessed by Fish and Wildlife 
Research Institute (FWRI) stock assessment staff. 
These assessments can identify persistent uncertainties 
in oyster ecology or population status and help guide 
research such as the relationship between Apalachicola 
River flows and juvenile oyster survival rate or culling 
mortality. 
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Acceptance by the community and industry, and 
enforcement and adjudication of rules regarding size 
limits, spatial restrictions, and weekly and seasonal 
closures is essential for these measures to be effective 
in sustaining the oyster population. 

Throughout our work on this project there were 
persistent reports of high levels of unreported harvest 
and illegal harvest from closed areas. While tangible 
evidence of illegal activity is not available, it is clear 
from our simulation models that lack of compliance with 
current regulations could greatly reduce the likelihood 
of Apalachicola Bay oyster populations returning to 
historic population levels, regardless of management 
action taken. 

Oyster leases should be explored as a possible 
alternative to open-access fisheries. The concept 
of TURF (Territorial User Rights Fisheries) as a lease 
arrangement could be appealing to oyster fishermen 
and help promote restoration actions such as 
re-shelling because the fishennen would benefit directly 
from the restoration activities they were engaged in 
by having a "share" of the restored area (the lease) to 
manage and harvest from. 

The total current area of oyster bar in Apalachicola 
Bay that is not open to fishing is unknown, and the 
degree to which this area is the source of the oyster 
spat for the entire bay also is unknown. If this area is 
small or declining, then large-scale oyster relay from 
these closed areas to areas open to fishing may reduce 
the total spat available throughout Apalachicola Bay, 
increasing the risk of "recruitment overfishing" where 
harvests of adults could influence availability of future 
spat. 

Therefore, the practice of 'relaying' should be carefully 
evaluated in regard to its short-term benefits versus 
potential longer-term negative impacts to the fishery- in 
other words, whether or not it is depleting a substantive 
portion of the source population of oyster spat. 

Management actions such as shell planting could 
expedite the recovery of Apalachicola Bay oyster 
resources. However, a new modeling tool called 
ECOSPACE, brought forward by the UF Oyster 
Recovery Team, suggests that shell planting needs 
to be conducted at a considerably greater scale than 
current levels to be effective-approximately 200 
acres per year for a 5-year period. A very important 
uncertainty is whether shell planting should concentrate 
large amounts of shell in small areas to create thick 
layers of shell or whether shell should be spread over 
larger areas but not in as thick a shell layer. Restoration 
should be done in a manner that provides information 
on efficacy and cost-effectiveness of different shelling 
strategies, including evaluating different densities of 
shelling and different kinds of shell material. 

A participatory decision-making process, involving 
SMARRT (the Seafood Management Assistance 
Resource and Recovery Team), relevant state agencies 
and experts from the state university system is needed 
to support long-term management of the oyster fishery 

in a more robust manner. The ECOSPACE model could 
further support members of SMARRT and management 
agencies to screen different policy or restoration 
alternatives. 

Research is needed to identify an optimal approach 
for monitoring long-term settlement, juvenile and adult 
survival, productivity, health, mortality, oyster diseases, 
and product quality of oysters. Subsequently this 
information could be used to inform changes in the 
oyster monitoring program. 

Research is needed to quantify how oyster population 
dynamics, product quality and the fishery are affected 
by interactions between river flow, nutrients, salinity, 
harvesting intensity and restoration methods. 

There is a need to assess the harvesting practices of 
the oystermen and how they respond to changes in 
oyster abundance. 

The ECOSPACE model has additional functionality to 
identify effects of varying flow regimes and to screen 
flow alternatives, relative to Apalachicola Bay oyster 
population dynamics and harvest potential when the 
model is linked with the Apalachicola Basin River 
Model currently being used by the Apalachicola­
Chattahoochee-Flint River Stakeholders Group. 

n1 frr, r ,1 ,, f II 

A community-based outreach and education program 
is needed to foster actions consistent with supporting a 
sustainable bay ecosystem and economy. 

Involvement of oyster harvesters and processers in 
research and restoration projects can aid in educating 
the entire community about bay stewardship. 

The situation in Apalachicola Bay, as outlined in the pages 
of this report, highlights a series of interwoven ecologic. 
fisheries, and community concerns. The bay is a national 
treasure, and its demise would sever critical links among 
our modern society, nature and our heritage. Work to date 
is a starting point toward understanding the processes 
underlying the current crisis, and includes steps that can 
and should be taken in initial efforts to restore the bay. 
However, if we are truly committed to bringing the bay 
back to a point even close to its former productivity, a 
great deal of work is still required. These studies and 
analyses were conducted on a shoestring budget with 
internal funds from UF/IFAS, and limited support from 
Florida Sea Grant and from the National Institute of 
Environmental Health Sciences. If we are truly committed 
to the restoration of the bay, we can't stop here.There is 
a critical need for follow-up work, bringing together state 
and federal agencies, academic researchers, and the 
community, to look out over a 5-, 10-, and 20-year time 
scale, to conduct interventions, do the necessary research, 
and monitor outcomes. This will require a strong leadership 
structure and it will cost money. The question remains 
as to whether we, as a society, are willing to make this 
investment of time, and money, to preserve this priceless 
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natural resource for our lifetime, and the lifetimes of our 
children. 

BACKGROUND 
Apalachicola is a heritage fishing community located in 
the Big Bend Gulf coast region of Florida. For decades, it 
has been the state's prime production estuary for oysters 
prized for their outstanding quality and taste. Today this 
unique oyster fishery may be on the verge of collapse. This 
collapse is associated with multiple environmental and 
human factors. 

Apalachicola Bay traditionally has been a great place for 
oysters to grow. Freshwater inflows from the Apalachicola 
River are retained in Apalachicola Bay by a series of 
barrier islands fringing the coast. This retention of 
fresh water lowers the salinity level in Apalachicola Bay 
creating preferable salinity conditions that favor good 
oyster growth, survival, and low disease occurrence, but 
unfavorable conditions for marine predators that feed on 
oysters such as conchs and whelks. Apalachicola Bay 
has other natural geologic features such as ancient hard 
bottom areas that provide nucleation sites for oysters 
to grow forming oyster bars. In addition to lowering the 
salinity, fresh water flows from Apalachicola River also 
deliver nutrients from upstream areas that are essential for 
the entire Apalachicola Bay ecosystem. 

During the last two years, a severe drought in the 
southeast U.S., including Georgia, where much of the 
water in the Apalachicola River originates, has dramatically 
reduced freshwater inflows to Apalachicola Bay. Adding 
to this problem are withdrawals of water from upstream 
reservoirs for use by metropolitan Atlanta and water 
withdrawals in the basin for Georgia and Alabama 
agriculture. Oystermen and other concerned citizens in the 
Apalachicola area have pointed to declines in abundance 
of a wide range of aquatic animals in the bay, including 
economically and ecologically valuable oysters and other 
seafood products. This situation could reflect a variety of 
stressors, including increased disease and predation as 
salinity in the bay has increased without the typical rate of 
freshwater inflow, perhaps nutrient limitation of the food 
web, and a historically high level of oyster harvesting. 

The number of oysters harvested and the number of 
oyster fishermen in Apalachicola Bay has increased in 
recent years due to several factors including high oyster 
prices because of reduced oyster availability in other 
areas following the Deepwater Horizon oil spill in 2010. 
There also were temporary changes in harvest regulations 
immediately following the oil spill , due to concerns that 
oysters might be lost to oil contamination. This led to 
increased harvest rates - yet the oil did not reach the 
bay, and no evidence of oil contamination has ever been 
found in Apalachicola Bay. In 2011 and 2012 oyster prices 
again remained high and the number of oyster harvesting 
trips reported by fishermen reached the highest levels 
observed since the mid-1980s. Additionally, fishermen 
raised concerns about large harvests of sub-legal (less 
than 3 inch) oysters over this same time period-all while 
Apalachicola River flows reached some of their lowest 
points recorded and salinity levels increased within the bay 
to higher and higher levels. In essence, the period from 

2010 to 2012 may have been a perfect storm for the oyster 
fishery in Apalachicola Bay with low river flows and higher 
salinity creating poor environmental conditions and several 
years of low juvenile survival and naturally low populations. 
At the same time, oyster demand, prices, and fishing 
effort, combined with insufficient fishery management 
enforcement and adjudication, led to a large portion of 
the oysters being harvested. Unfortunately, the storm 
may not be over as surveys of juvenile oysters suggest 
that legal oyster abundance will be low in 2013 and likely 
2014 as well. Now is the time to address key long-term 
uncertainties related to managing and restoring oyster 
resources in Apalachicola Bay, in order to create and 
maintain a resilient oyster fishery. 

RESPONSE 
University of Florida/lFAS responded to this situation 
in fall 2012, when Senior Vice President Jack Payne 
formed the UF Oyster Recovery Team, and appointed Karl 
Havens, director of Florida Sea Grant, to serve as chair. 
The team includes UF researchers with a broad range 
of experience and knowledge about oysters and coastal 
ecosystems in Florida. Also included are researchers 
from Florida State University and Florida Gulf Coast 
University, state regulatory agencies, the Northwest Florida 
Water Management District, and representatives from 
the oyster industry and other fishing-related businesses 
in Apalachicola. The work reported here was funded 
primarily by internal funds from the Institute of Food and 
Agricultural Sciences at UF, Florida Sea Grant, and with 
some components funded by the National Institute of 
Environmental Health Sciences (Grant U19ES020683) as 
part of the Deepwater Horizon Research Consortium. 

The team met in Apalachicola for public meetings in 
October 2012 and January 2013, and researchers have 
met with agency scientists on a number of occasions 
throughout this period to obtain and jointly evaluate 
historical and contemporary data on oysters, water quality 
and other features of the bay. The focus of research 
has been on looking for signs of increased infection, 
signs of oil or dispersant from the Deepwater Horizon 
oil spill, evidence of over-harvesting and harvesting of 
sub-legal oysters, and predation impacts on oysters 
and how it relates to salinity at different locations in 
the bay. The team has also worked with members of 
the industry and community to develop approaches for 
increased community resiliency, and evaluated options for 
diversification of seafood products. 

While researchers were doing this work, a group of 
oystermen, oyster dealers and other members of the 
community formed a citizen action group called SMARRT 
(Seafood Management Assistance Resource and Recovery 
Team) that aims to work with the state regulatory agencies 
to develop a process to ensure that the oyster industry has 
long-term sustainability. UF/IFAS faculty supported this 
effort, by developing a process for participatory decision 
making and by developing a tool (an interactive and visual 
computer model of the bay) that can be used by SMARRT 
to screen restoration and policy alternatives. 
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ABOUT THIS REPORT 
This report summarizes the findings of 
natural and social science research and 
outreach conducted by members of the UF 
Oyster Recovery Team since October 2012. 
It focuses on questions related to "what 
happened?" in the bay (i.e., research dealing 
with presence/absence of oil or dispersant, 
disease, predators, apparent responses to 
reduced salinity and the effects of fishing 
of sub-legal oysters on recovery of the 
population) and "what can be done?" 

This is a report of efforts to understand the 
bay, its ecology, and optimal approaches 
to protecting its resources. It should 
be emphasized that this is only a start. 
Bringing the bay back to a point even 
close to historical oyster production levels 
will require restoration actions and long-
term research and monitoring, in a second 
phase plan, to assess the outcome of new 
programs. and to continually refine our 
understanding of the bay and its operation. 
This will need to include further development 
and implementation of the ECOSPACE 
model with validation efforts and river flow 
analyses to determine effects of mitigating 
management strategies. Future work will also 
need to include continued oyster health and 
productivity assessments, and examination 
of alternative seafood products and seafood 
product production practices. 

RESULTS 

Env nrncnt I C n rt ions 

To assess physical conditions in the bay 
during 2012, we examined recent patterns in 
freshwater inputs, rainfall, water temperature, 
and dissolved oxygen in Apalachicola Bay 
using data from U.S. Geological Survey 
gauge stations on the Apalachicola at 
Chattahoochee and preliminary 2012 water 
quality data from the Apalachicola National 
Estuarine Research Reserve. 

I \ 11 f rr, 1 A " I( I Cl I r /r- r 
The Apalachicola River is formed by the 
confluence of the Chattahoochee and Flint 
Rivers approximately 112 miles upstream 
of the town of Apalachicola, Fla. This 
Apalachicola-Chattahoochee-Flint River 
Basin (ACF) drains a watershed of about 
19,500 mites= in three states: Georgia (74% 
of watershed), Alabama (15%), and Florida 
(11 %). Within this basin, 16 in-stream 
reservoirs are present which modify and 
attenuate river flows in various ways. River 

flows are also modified via surface and subsurface water withdrawals for 
agricultural, municipal, and industrial use. How these flow modifications 
alter the hydrology and ecology of the ACF basin and Apalachicola Bay 
is an area of ongoing debate and research by numerous federal, state, 
and citizens groups. 

The Apalachicola River has seasonally variable flows with the highest 
flows generally occurring during winter and spring and lowest flows 
occurring in summer and fall. The Apalachicola River is the primary 
source of freshwater input into Apalachicola Bay, and as such flows 
from the river have a very strong influence on the salinity, nutrient 
dynamics, and other aspects of the Apalachicola Bay ecosystem. We 
assessed recent flow patterns in the Apalachicola River measured at 
the Chattahoochee USGS gauge 02358000 by calculating modified 
box plots of monthly river flows from 1950-2006, as shown in Figure 
1. These box plots can be interpreted as follows: the x-axis represents 
the month of the year and the y-axis represents the average daily flow 
volume for that month from 1950-2006; the thick horizontal line for 
each month is the median value (middle value for historic daily flows 
for that month); the box is the interquartile range which spans the first 
quartile (the 25th percentile) to the third quartile (the 75th percentile); the 
whiskers extend 1.5 times beyond the interquartile range, and the circles 
extending beyond the whiskers are the most outlying largest or smallest 
values. In simplest terms this can be interpreted as saying that in a given 
month between 1950 and 2006, most of the average daily flows would 
be observed within the box for each month. We then used colored 
dots to plot the mean monthly flows in each year from 2007 -2012 to 
assess what the flows over the last 6 years looked like compared to 
the previous 56 years. This graph demonstrates that for most months 
over the last 6 years, the flows in the Apalachicola River have been 
exceptionally low with average daily winter/early spring flows (January­
April) generally falling in the lower 25% of measured flows for that month 
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and the flows during the rest of the year 
(May-December) generally at the lowest levels 
measured for any year during the period of 
record. The general exception to this pattern 
over the last six years is 2009 when flows 
were generally normal through the winter and 
above normal range during fall and winter. 

To more closely examine the river flow for 
2012 compared to most of the period of 
time (1950-2000) we created a river stage 
duration curve (Figure 2) which shows the 
percent of time the Apalachicola River flow 
equaled or exceeded a given flow value in a 
particular year. This graph shows that in 2012 
the Apalachicola River mean daily discharge 
(ft3/sec) equaled or exceeded a discharge 
level of about 10000 ft3/sec about 20% of the 
time, whereas during the time period between 
1950-2000 this same flow level was exceeded 
more than 80% of the time (Figure 2). 
Combined, Figures 1 and 2 demonstrate how 
low the Apalachicola River flows have been in 
recent years, particularly in 2012 compared to 
the period of record. 

I I, 1 I I 

Apalachicola River stage and discharge levels 
are strongly influenced by rainfall within the 
Apalachicola-Chattahoochee-Flint River 
Basin. According to briefings hosted by the 
National Integrated Drought Information 
System (NIDIS) and a variety of cooperating 
agencies and research groups, the lower 
part of the ACF basin, particularly the Flint 
River drainage within southwest Georgia 
has frequently been in "exceptional drought" 
conditions for much of the past three years 
(see materials archived at 

) including most of 2012. 

At the local level, 2012 rainfall levels in the 
Apalachicola Bay area show that rainfall 
during 2012 was well below average (Figure 
3), even below the lower 95% confidence 
interval (e.g., rainfall was higher on average 
95% of the time based on the 1950-2011 
record compared to rainfall observed in 2012). 
The two exceptions are June and August 
2012, both months with significant tropical 
rain events resulting in above average rainfall. 

\r, 1 , ri a ba\ w~lr-1 q1 .il1tv ..>o 12 
We looked for anomalous patterns (high 
or low events) in the water quality data 
available from data sondes maintained by the 
Apalachicola NEAR lab (downloads available, 

) for locations 
at Dry Bar, Cat Point, and a surface and 
bottom sonde in East Bay. We made plots 
of temperature (C), salinity (ppt), dissolved 
oxygen percent saturation (DO%), and 
dissolved oxygen in milligrams/I. Water quality 
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data suggests that 2012 was a year of Cat Point 
generally high salinity (for Apalachicola Bay) 
at all stations (Figures 4-7) likely because 
of low river flows and limited local rainfall JO J5 

in most months (Figures 1-3). Summer 
JO 

conditions of high heat and salinity changed !"' 25 
abruptly following large rain events related ~ ·s 25 

to Tropical Storm Debby in late June and ~ 29 
.. 

Q. Ill 20 other rain events in August. While these rain ~ 
events were locally significant and did cause I-

15 15 
short-term changes in salinity, temperature, 
dissolved oxygen, and likely other water 10 

quality parameters, these rain events were 10 

mostly coastal and were not accompanied Jan Mar May Jul Sep 110, Jan Mar May Jul Seo llov 

by large changes in river flow from basin 
level inputs. 120 

10 
t I I l 100 

In addition to delivering fresh water, the a 
80 Apalachicola River is a major source of i C> 

nutrients to the bay, fueling a food web 
E 

0 60 0 

that supports oysters, shrimp, fish and 0 0 

other marine organisms. When flows JO 

decline, so do inputs of nutrients, and if 
20 2 

this phenomenon lasts for a long period of 
time, the abundance of all of the organisms 0 

mentioned above may decline. Jan Mar Ma) Jul Sap llov Jan Mar Ma\ Jul Sap ''"' 
There are no continuous measurements r, 
of nutrient input to the bay, only water 

>' 

flow volume. However in the early 2000s r,i: ri 
the Northwest Florida Water Management If' 

District conducted several years of 
simultaneous measurement of flows, nutrient Dry Bar concentrations and nutrient inputs (loading 
rate). This was done for three nutrient 
elements that are important for marine food 30 

JO 

webs - nitrogen, phosphorus and organic 
carbon. Regression analysis of those data 

~.) 
25 30 

indicated that concentrations did not vary ~ 

20 • 
with flow. This allowed a simple loading ~ s 
model to be developed based simply on 

., .. 20 
~ ,, "' 

the regression of flow vs. load. That model ;; 
I-

was used to approximate what the loads 10 10 

have been in the more recent years (Figure :. 
8). The data clearly show a decline in the 0 

inputs of nitrogen, phosphorus and carbon 
Jan M41 May Jul s~P Mcv Jan Ma, May Jul Sep ""' to the bay in the last two years. Low nutrient 

inputs also occurred in some earlier drought 
years, including 2006 and 2007. Additional uo 1~ 

work is required to identify possible linkages u 
between the reduced nutrient inputs and 12G 

changes in the marine organisms. This 
12 

relationship is complicated by time lags " 
100 ~· 10 

"-

between loading reduction and biological 0 60 0 
~ 0 0 

responses, and the timing of response 
depends on the life cycle of each organism. 60 r, 

40 
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The types of variables reported-river flow, 
rainfall, various water quality metrics-
can all be easily (and cheaply) measured 
via automated equipment. However, our 
understanding of how these different 
variables may (or may not) impact oyster 
populations is not as well known. Various 
studies have documented that oyster disease 
and parasite risks increase under high 
temperature and salinity conditions in lab and 
field trials. Because of very limited monitoring 
of disease and pathogens that affect oysters 
in Apalachicola Bay (and not necessarily 
their human consumers) we do not have a 
good understanding of exactly when these 
types of outbreaks occur, what the outbreaks 
are, or even whether these outbreaks have 
population level impacts on oysters in terms 
of mortality or growth. Similarly, higher salinity 
environments are thought to support higher 
abundance of potential oyster predators such 
as whelks, drills, and conch. However, we 
do not have data available on trends in these 
species related to environmental conditions 
so we do not know what the time lag of any 
increase in predator populations may be, 
nor again do we know the population level 
effects on oysters. Linking water quality 
and flow monitoring data with information 
on the occurrence and spatial distribution 
of key diseases, pathogens, and predators 
is a key area of future work to develop an 
understanding of the linkages between 
environmental conditions and oyster 
population responses. 

status and Trends in the Oyster 
Fishery 

We assessed the current status and recent 
trends in the oyster fishery in Apalachicola 
Bay. This was done first through simple 
graphical assessments of fisheries dependent 
data that are reported by the fishers and 
dealers to the Florida Fish and Wildlife 
Conservation Commission, as well as 
fisheries independent data of surveys of 
juvenile and adult oysters collected by Florida 
Department of Agriculture and Consumer 
Services. We then used these data, along 
with information on oyster growth rates, 
spawning patterns, maturity schedules, 
mortality rates, and other biological data 
obtained from previous studies to conduct 
a stock assessment of the Apalachicola 
oyster fishery. A stock assessment is a 
compilation of biological and fishery data 
that is used to determine the status of the 
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"stock" or management unit of interest, in this case, 
oysters in Apalachicola Bay. In Florida, stock assessments 
are routinely conducted by FWC for a large variety of 
fish species such as redfish and gag grouper, but only 
for a few invertebrates- lobster, stone crab, blue crab 
and queen conch. No previous stock assessment exists 
for oysters in Florida. We used an array of mathematical 
and statistical techniques to develop a variety of models 
that described the relationship between the oyster 
population in Apalachicola Bay, observed through the 
fishery independent data, and the oyster harvests, 
observed through the fishery dependent data, based on 
our knowledge of oyster biology. The basic approach in 
these models is known as a statistical catch-at-age model 
where we estimated the relative recruitment (spat) and 
juvenile mortality rates in each month from 1986-2012 that 
likely would have been required to produce the reported 
monthly adult oyster landings. The models were developed 
over a series of three meetings with FWC, FDACS, the 

Florida Department of Environmental Protection, and 
Northwest Florida Water Management District personnel. 
The assessments assume complete reporting of harvest by 
oystermen over the time frame of the examined data. It is 
uncertain whether this is a valid assumption, and it should 
be examined in future work. 

I I I l 

We used monthly oyster landings data from FWC with 
1986 as our starting year because of uncertainty in the 
voluntary reporting program prior to 1986. As shown in 
Figure 9, reported oyster landings in Apalachicola Bay 
have ranged from about 1-2.5 million pounds over this time 
period with higher catches observed in 1987, and in 2007 
and 2009 of 2.7-2.8 million pounds. Low landings occurred 
in 1995 and 1996 (<1 million pounds each year) and 
also following Hurricane Elena in 1985 (about 0.5 million 
pounds) when the bay was closed to harvest for nearly a 
year. Reported landings for 2012 are still preliminary as not 
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all dealers have reported their final totals from the year. However, total 
landings for Apalachicola Bay to date are about 2.3 million pounds for 
2012. When landings data for each month are analyzed individually, a 
large decline in reported oyster landings is observed for Apalachicola 
Bay during 2012. Figure 10 plots the monthly landings from January 
2007 -December 2012 and shows the large decline in landings that 
occurred in August-December 2012. 

We then examined trends in Apalachicola Bay (AB) license holders from 
1986-2012. The number of license holders peaked in the late 1980s at 
about 1200 license holders, declined to 400-500 license holders from 
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about 1995-2005, and then begin to increase 
steadily with about 900 fishermen holding 
AB licenses in 2012 (Figure 11). Reported 
Apalachicola oyster fishing trips (Figure 12) 
since 1986 have varied widely from about 
5,000 trips in 1985 (the year of Hurricane 
Elena) to more than 40,000 trips reported 
in 2012 (the highest on record). However, 
in 2012 most of this effort was during the 
first half of the year as the number of oyster 
fishing trips by month since 2007 shows 
that the number of trips in Apalachicola Bay 
declined sharply in each month during the 
second half of 2012 (Figure 13). 

r tir ~ r1 

We obtained surveys of oyster counts by size 
(sub-legal and legal categories) from FDACS 
over a wide spatial area of Apalachicola 
Bay from 1990-present. In general these 
surveys are completed by counting the 
number of oysters of different size classes 
inside standard quadrats on d ifferent oyster 
reefs throughout Apalachicola Bay. We used 
data on the number of legal and sub-legal 
oysters from different locations to compile 
a composite average of oyster abundance 
throughout the bay through time. These 
results (Figure 14) suggest a slow downward 
trend in the abundance of legal oysters for 
harvest in the bay in recent years and a 
dramatic decline in the number of sub- legal 
oysters present in 2012. Because of the low 
abundance of sub-legal oysters in 2012 there 
is a high likelihood that legal-sized oysters will 
be in low abundance during at least 2013 and 
likely 2014 as well. 

stock Assessment Modeltng 
Efforts 

'( .. 11:1 per r 1 1 I 1 y ,c; 
There is concern in the Apalachicola oyster 
fishing community related to the effects of 
harvesting sub-legal oysters on the long-term 
population viability of the Apalachicola oyster 
fishery. To assess this, we built a simple 
mathematical model to evaluate the impacts 
of harvesting oysters at different sizes. A 
common objective in commercial fisheries is 
to maximize yield ~.e., pounds per harvest). 
This objective is generally achieved by a 
specific combination of harvest rate and size 
at harvest. If animals are harvested at too 
small a size, potential gains in yield that would 
have occurred by allowing animals to grow to 
a larger size are lost. This situation is referred 
to as growth overfishing. Similarly, if harvest 
rates on animals are too high, potential gains 
in yield that could have occurred by allowing 
more animals to survive to larger sizes prior 
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to harvest are lost. To recommend optimal 
harvest rates that avoid growth overfishing, 
the equilibrium yield has to be determined 
under a range of harvest rates and minimum 
size limits. 

We constructed a simulation model to 
determine the optimal size at harvest for 
oysters in Apalachicola Bay and assess how 
harvest of smaller sizes could increase the 
risk of growth overfishing and subsequently 
reduced harvests in terms of smaller yield 
of oysters harvested. Our model simulates 
how yield in the fishery would change under 
different harvest rates and size regulations. 
This simulation requires estimates of 
oyster growth, survival, and recruitment 
which we derived from earlier studies in 
Apalachicola Bay or from ongoing research. 
Our findings suggest that the current size 
limit of oysters (3 inches, 76.2-mm) is 
quite close to that which would produce 
maximum yield (Figure 16) over a range 
of harvest rates. The results suggest that 
a 3-inch minimum size limit would protect 
against growth overfishing over a relatively 
large range in harvest rates, and thus, the 
3-inch size limit is likely a good minimum 
size limit for use in Apalachicola Bay. This 
model is sensitive to the parameters used 
in the model such as growth such that if 
growth rates change, then the model should 
be updated with different growth rates as 
the optimal minimum size regulation would 
likely change. Additionally, this assessment 
assumes that the prices received by 
fishermen are constant relative to the size of 
oysters at harvest. If price for larger oysters 
is substantially higher (due perhaps to sales 
tor the restaurant "on the half shell" market 
relative to the processing market), the 
optimal harvest size of oysters would likely 
be greater and more sensitive to minimum 
size at harvest (Figure 17). These caveats 
notwithstanding, this assessment shows that 
the current size limit is generally sufficient for 
maximizing yield. While our results suggest 
that this size limit would be effective, there is 
evidence of harvesting of sub-legal oysters 
(< 3 inches). If large harvests of sub-legal 
oysters are occurring, then it is likely that 
potential yield is being lost to the fishery 
because of oysters being harvested at 
too small a size, basically increasing the 
risk of growth overfishing. Basically the 
current harvest regulations are only going 
to be effective if they are accepted by the 
community and industry, and enforced and 
adjudicated. 
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Ct:it c;t1r!lll r::itrh t o Anrlol 

We developed a detailed population dynamics model to aid in 
interpretation of past harvest and FDACS survey data for the 
Apalachicola oyster population, and in particular to determine how 
natural mortality, recruitment, and exploitation rates have varied since 
the mid-1980s. Key aims of this work have been to determine whether 
there has been overharvesting (in particular due to take of sub-legal 
oysters) and whether we can detect mortality and recruitment effects 
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of Apalachicola River flow that are not clearly 
evident in simple comparisons of harvest and 
flow data. 

We calibrated the model by fitting it to 
reported oyster landings and FDACS survey 
data. As indicated in Figure 18, the model 
fits the data very well, and indicates complex 
trends in mortality and recruitment rates 
over the past two decades. Almost all of 
the variation in catches can be explained 
by variation in fishing effort, and there is no 
indication of a persistent downward trend in 
abundance of sub-legal oysters preceding the 
severe decline evident in DACS data for 2012 
(Figure 14). Declines in harvest of legal-sized 
oysters the last few months of 2012 are likely 
due to lack of recruitment from juveniles to 
the legal-sized because of low abundance of 
juveniles. However, the decline in sub-legal 
abundance, sudden as it was, cannot be 
attributed to reduced spawner abundance 
(i.e., adult population) and/or larval supply 
based on the available data we have 
examined. Without more data, we cannot 
reach a conclusion about what proximal 
factor(s) contributed to the decline. 

The main findings from the stock assessment 
model fitting exercise can be summarized 
by four main points. First, the 2012 decline 
in landings and juvenile abundance is 
unprecedented during the period of data we 
examined (1986-2012 fishery dependent data, 
1990-2012 fishery independent data), and 
has likely involved a recruitment failure that 
we have not been able to completely explain 
with the available data. Possible reasons 
for this recruitment failure include very high 
natural mortality rate of small oysters from 
predators or some type of episodic disease or 
pathogen. 

Second, both direct analysis of survival 
patterns (from sub-legal to legal-sizes, 
Figures 19 and 20) in the FDACS data and 
the model fitting exercise indicate that natural 
mortality rates appear to be increasing 
over time (Figures 15, 19, 20). The exact 
reason is uncertain, but two hypotheses 
that could be tested through future work 
include assessing whether natural mortality 
on juvenile oysters increases during periods 
of higher salinity from either predators or 
disease and determining whether the discard 
mortality rate of culled, sub- legal oysters has 
potential population level consequences. 
The role of culling mortality may be d ifferent 
under a range of population sizes (more 
significant at lower population sizes than high) 
or that culling mortality may be higher under 
situations where natural mortality is already 
high. 
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Third, the severe decline in sub-legal 
abundance in 2012 FDACS surveys (Figure 
14) suggests that the legal harvests in 2013 
and possibly 2014 will again be very low 
and likely not better than the 2012 season. 
These low abundance levels of legal oysters 
lead managers to close major fishing areas 
to protect remaining populations and reef 
habitat or, alternatively, the populations 
may be so low that it is not economical for 
fishermen to harvest from these efforts even 
without a closure. For example, in response 
to the FDACS reports, the FWC closed the 
commercial oyster harvest on weekends 
from November 16, 2012 to May 31 , 2013. 

Fourth, there is no evidence that harvest 
of sub-legal oysters has or would lead 
to overfishing, if current regulations are 
followed. It is unlikely that occurrence of 
sub-legal oysters in the catch has caused 
the trends we see in the data unless the 
sub-legal harvest has been unregulated and 
extremely high. 

h.r:_ I I II 1s. c:11 hon ~11d fulure 

Much uncertainty exists as to what 
approaches are best for restoration. 
Modeling efforts suggest linkages between 
the available shell habitat and recruitment in 
Apalachicola Bay. If essential shell substrate 
habitats have been lost in Apalachicola Bay 
from storm events or reduced production of 
natural shell (accumulated as oysters grow 
then die in the bay leaving their shell) then 
the risk of the oyster fishery having effects 
on the oyster population likely increases. 
In oyster populations the carrying capacity 
of the population could be related to the 
substrate available for oyster spat to settle 
and grow. Both substrate and the number 
of oyster spat available may be influenced 
by the number of oysters harvested each 
year. In this way feedbacks are created 
between the oysters that are harvested, the 
shell that is available for spat to settle, and 
the spat that are produced each year. While 
these feedbacks may not be strong in years 
with high oyster abundance, in years with 
low abundance, the interactions between 
spat, substrate, and adult harvests may be 
strong. If shell habitat is lost due to high 
harvest rates, storm events, or other causes, 
this could reduce the available habitat 
for juveniles and ultimately reduce adult 
populations. 

One area of uncertainty is our understanding 
of whether juvenile oyster mortality rates do 
increase under high salinity conditions and 
from what cause. This could have policy 
implications related to a variety of issues 

such as using techniques adopted from the clam culture industry of 
using netting to reduce predator abundances (likely only possible on 
leases) or modifying fishing intensity. Another area of uncertainty is the 
scale, in terms of size, depth, and spatial location, of any restoration 
efforts related to shelling. A variety of culching programs have been 
carried out in Apalachicola Bay over several decades that can provide 
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some guidance on this activity. However, additional work could be 
done to better identify the best approach to re-culching oyster bars, 
particularly under variable flow conditions. In simplest tenns, culching 
as a restoration tool is likely to require large volumes of shell because 
essentially the culching is trying to replace the shell material that would 
have been produced naturally by oysters as they grow and die. This 
shell material is instead transported out of the bay when the oysters 
are harvested. Given the high costs of culching activities, in terms 
of buying the shell and planting the shell in the bay, determining the 
culching strategy that most efficiently helps in restoring oyster bars in 
Apalachicola Bay is essential. 

We are also concerned that the recovery of Apalachicola Bay oyster 
resources may take longer than many people assume. As an example, 
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to estimate the amount of time it is likely 
to take Apalachicola Bay oyster reefs to 
recover, we modified our assessment model 
to evaluate what the Apalachicola Bay oyster 
fishery might look like over the next 10 years 
(until 2023) under different policy options 
for restoration (Figure 21). Under the "no 
closures" scenario, we assumed that fishing 
effort (number of trips) would remain at 
about the same levels as observed in recent 
years into the future. For the "reduced effort" 
scenario, we assumed a 50% reduction in 
effort during 2013-2014 (because of low 
oyster abundance) and then resumption 
to the same effort as the no closures level 
for the remaining years. For the "shelling" 
scenario we assumed that there is about 1-2 
km2 of productive oyster bar in the bay and 
evaluated a cultching program that would 
cover about 40-50 ha (about 1 00 acres) per 
year for five years. This simple projection 
model does not include depensatory 
predation (higher proportional losses to 
predators due to low oyster abundance), any 
disease outbreaks, etc. We evaluated three 
scenarios and compared the time to recovery 
for each (Figure 21). Our results suggest that 
even under the best case scenario, recovery 
is likely to take 3-5 years to reach the harvest 
levels observed through most of the 1990s 
and 2000s. 

We have also developed preliminary versions 
of two spatial modeling systems to help 
identify future impacts of water management 
on oysters, and management options for the 
oyster fishery. The FLABAY model simulates 
hydrodynamics and water chemistry (nutrients 
and salinity) over Apalachicola Bay, and its 
results can be written to files as input for the 
ecological/fishery model, ECOSPACE. The 
ECOSPACE model is based on an ECOPATH/ 
ECOSIM food web model that simulates 
changes in primary production, oyster 
population structure (age-size composition) 
and growth based on available production, 
and oyster predator dynamics in responses 
to changes in oyster abundance and salinity. 
ECOSPACE has a comprehensive policy 
interface allowing specification of spatial 
fishery operations (e.g. seasonal closures) and 
habitat restoration (cultch planting) policies, 
and it is also capable of doing economic 
impact assessments (fishery and regional 
economic values, employment). 

FLABAY uses an extremely simple 
hydrodynamic model to quickly compute 
monthly average water movement and mixing 
rates over a grid of spatial cells (0.6km 
x0.6km) using river flow, wind, and rainfall 
data. It can "reconstruct" monthly historical 
patterns of nutrient loading and salinity for the 
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1986-2012 period in just a few minutes of 
personal computer processing time, and can 
also simulate future scenarios for seasonal 
and inter-annual variation in Apalachicola 
River flow. As shown in Figure 22, a screen 
capture from the model interface, the model 
reconstructed salinities at key locations 
in the bay (Cat Point, Dry Bar) based 
on observed river discharge, wind, and 
rainfall patterns are reasonably close to the 
measured values from the NERR program, 
which is critical for predicting salinity-related 
changes in oyster production (i.e., growth, 
predation impacts from freshwater- intolerant 
predators) in the ECOSPACE model. This 
type of hydrodynamic model can easily 
be demonstrated and used in workshop 
settings with fishermen and other interested 
stakeholders. 

As an example of how FLABAY and 
ECOSPACE can be used for policy 
comparison and screening, we assessed 
the amount of time it would take for oyster 
populations to recover over a 20-year time 
period (2013-2033) for Apalachicola Bay 
oysters assuming (1) a decline in 2012 
similar to the one observed (2) freshwater 
flow patterns from 2013-2023 similar to 
those observed since 2000 (i.e., periods 
of high, low, and average flows) and (3) 
reduced oyster fishing effort in 2013 and 
2014 (80-90% reduction in 2013, about 
50% reduction in 2014). We used the model 

tll 

to compare two different policies, one without cultching and one with 
cultching, and how the estimated time it takes oyster populations to 
recovery differed between these. The first policy test of no cultching 
and reduced fishing effort in 2013 and 2014 (Figure 23) the ECOSPACE 
model predicts disturbingly slow recovery from the 2012 decline, 
even if fishing effort is severely reduced in 2013 and 2014. The slow 
recovery time is due to a combination of reduced recruitment due 
to reduced natural shell (larval settlement substrate) abundance and 
predicted "depensatory" high impacts of oyster predators on the 
reduced population (e.g., predators are removing a larger portion of the 
population than normal because the abundance of oysters is low). 

We then evaluated a policy where a large cultching effort of about 200 
ha per year from 2013-2017 is implemented to speed up recovery of 
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oyster recruitment and to spread fishing effort 
over a larger area in addition to the fishing 
effort reduction evaluated above (Figure 24). 
When compared to the first scenario where 
no cultching took place, only effort reduction 
(Figure 23), the time to recovery is reduced 
from 10-12 years (Figure 23) to 8-10 years 
(Figure 24). 

Note that both Figures 23 and 24 assume 
severe reduction in fishing effort for 2013, 
and moderate (50%) reduction for 2014. 
Scenarios without these effort reductions 
lead to even longer recovery periods. Further, 
the scenarios in Figures 23 and 24 all 
assume reasonably favorable Apalachicola 
River flows, i.e. with some drought years 
but some wet years as well (a future pattern 
similar to the flow pattern since 2000). A key 
concern during oyster population recovery 
is latent effort response by oyster fishermen. 
In this situation as oyster populations begin 
to recover, oyster fishermen may quickly 
locate these oysters and quickly harvest 
the recovering population as they begin 
to rebound. If this happens, it is likely to 
perpetually keep the oyster populations 
low and extend the recovery time or keep 
the oyster population from recovering 
at all. Therefore, there is a need for new 
resource management tools, procedures and 
regulations. 

While these models show promise, there is 
substantial work still required to calibrate 
the models to available data. We think that a 
variety of population and ecosystem models 
should be developed for Apalachicola Bay 
to help screen policy options that managers 
are faced with when looking at fishing 
regulations, restoration approaches or river 
flow alterations. 

There are major uncertainties in any model 
predictions and it is only through an iterative 
process of model building, prediction, and 
rigorous testing in the field that we are 
able to improve the model's abilities. A key 
experiment is also naturally occurring right 
now in that the periods of extremely low 
Apalachicola flows during 2012 are replaced 
with high flows during the winter of 2013 and 
potentially into the spring/summer season 
of high mortality for juvenile oysters. Are 
existing monitoring programs able to detect 
any change in mortality rates during 2013 
compared to earlier, low-flow conditions? 
How will the oyster resources and the oyster 
fishery respond to the 2012 decline? We do 
not know whether drought conditions (low 
river flow) will return following the currently 
wet winter, nor do we know how rapidly and 
strongly predator populations will respond to 
reduced oyster availability, leading to further 
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severe mortality events. Perhaps most important. we do 
not know the effective productive area of Apalachicola 
Bay for oysters, and because of this we do not know 
how much area really needs to be cultched. Additionally, 
we do not know whether restoration efforts could and 
should be applied to the much larger bar area that may 
have supported higher historical catches in the voluntary 
reporting data prior to 1986. Many of these needs could 
be addressed through field studies and the results used to 
update these types of models for assessing trade-offs in 
policy options. 

t :, n 

In response to community concerns about environmental 
health impacts associated with the Deepwater 
Horizon oil spill, and concerns about the health of the 
Apalachicola Bay oyster fishery, studies were initiated 
to discern the presence of oil spill-related contaminants 
in Apalachicola Bay seafood products. These costly 
efforts were incorporated into a larger, ongoing regional 
study to discern the safety of inshore-harvested seafood, 
particularly for coastal residents who regularly consume 
portions of their catches. ' 

Seafood sampling in Apalachicola Bay included oyster, 
white shrimp, brown shrimp, blue crab and multiple finfish 
species. Sampling was accomplished with the assistance 
of the Franklin County Seafood Workers Association, and 
fishers who were assigned specific tasks to contribute 
to the effort. Oysters were collected by tonging from four 
east-west distributed sites in the bay. White and brown 

PAH Concmtraton, nglg 

wet sample wt. (g) S.342 5,496 4.9S4 S.15S s.211 

Sampl<'tn 01 02 03 04 OS 

~,,phth~,lcnc nd nd nd nd nd 

Ac.:cnaphthyknc nd nd nd nd nd 

Accn:iphthcnc nd nd nd nd nd 

rluon:nc nd nd nd nd nd 

Ph"nanthn.'1l\.' 0.15 nd BQL nd nd 

Au1hrt1l'~'l•c nd nd ncl nd ncl 

I· luC1ranth1.'1'11.' nd nd nd nd nd 

Pyrcn1.· nd nd nd nd nd 

( 'hryscnc nd nd nd nd nd 

lkn1la !anlhrat.~c111.: nd nd nd nd nd 

BcnzolhlOuornnlhcnc nd nd nd nd nd 

flcnzCllk lfluoranthcnc nd nd nd nd nd 

Bt.'1110(:. Jpyn.·tw nd nd nd nd nd 

lndcnol 1.2,.~•cJ lpyn:n\.' nd nd nd nd nd 

LJibi:nLI :i.h Janthr:11.·cnc: nd nd nd nd nd 

£kn;,o(g.h. iJp\:'ryh:nc; nd nd nd nd nd 

shrimp were collected by trawling from two distinct sites 
in the bay. Blue crab were collected using crab pots from 
two separate sites in the bay. and finfish were collected by 
hook and line from multiple bay sites. 

Analytical results at the time of this report include 
oyster PAH, or polycyclic aromatic hydrocarbons data 
(see Table 1 ). Data focus on PAHs with known relative 
carcinogenic risk factors, allowing for the development of 
risk assessment based on: (a) the levels of contaminants 
present in seafood, (b) and frequency and portion sizes of 
seafood meals consumed, and (c) consumer body weight. 
Further, these PAHs are the same chemicals that were 
analyzed by federal and state agencies throughout the 
Gulf. Focus on these chemicals, therefore, may also allow 
for comparison of analytical results throughout the region. 
Samples processed for additional organic analyses, metal 
analyses, and seafood types are underway. 

Table 1 shows analytical results for sixteen parent PAHs 
for individual oyster samples collected from AP Bay 
in 2012. In addition to parent PAHs, alkyl homologues 
were also analyzed. These data provide quantitative 
information about the presence and concentrations of 
these PAHs in oyster meats. as well as inter-individual 
variability of potential contaminant levels between oysters 
sampled from the same site. Such variability data is lost 
when samples are "pooled", i.e., the meats of three to 
twelve oysters from a site are homogenized together, 
subsampled, and processed to generate an "average" 
from those oysters (typical method used by state and 
federal laboratories). Although sample pooling greatly 
reduces effort and cost (analyzing one sample rather than 

S.0S9 S.344 S.336 5,227 4.989 S.204 5.327 
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nd nd nd nd nd nd nd 

nd nd nd nd nd nd nd 

nd nd nd nd nd nd nd 

nd nd nd nd nd nd nd 

nd nd nd nd nd nd nd 

nd nd nd nd ncl nd nd 

nd nd nd nd nd nd nd 

Tn,s study "'as suppo11ed by lhe Natt0naI lnstitu1es or Env11onmental Health Saences as p;in ol :ne De~pwate• Ho11zon Resea1ct. Consomul'l Tne UF rnmpor.enl 01 lr.P a Nard 
supports ,esearch groups lhrough ihe UntVersrty ot Flor,da Emerg,ng Pa1hogen$ lnsl!lute 101 J Glenr Mon.s Principal lnves11ga:or, Te•s 5Wdy cal!ed Healihy Gu,, Healthy 
Communilie, suppor.s three separate proiecs de~eloped 10 supp~n Gulf coas1 community nealth 1n tne wake ot the o, spill T~ese p•o,ects are 1ed by Or Lyrn G,anan, focusing on 
,nd1vodua1 rsycho1og,ca1 health and Nell-being Or B11an Mayer focusing on commun,ty 1es1hency and D• A~dy Kar:e. tocus,ng on seatood salely The seafood sate1y ream bungs 
toge1~er exp('ntse 10 aqua· c b1Jlogy and 1ox,cology anaiyt,cal ·o, ·oiOgy. food SCtence and human nu1ritt0n 11sl: assessrner: aro risk commun,cat1on 

FL_SEA-GRANT _ 41131 



---
12, for example), there is no data to detect animals from a site that can 
accumulate higher amounts of contaminants that might pose greater 
risk to consumers. 

The data presented in Table 1 are similar to other oyster data analyzed 
thus far from Apalachicola Bay. Most results in this table are noted 
as "nd," meaning not detected (i.e., below level of detection). Several 
samples are noted as "BQL," meaning Below Quantifiable Limits." The 
chemical detection limit for most of these PAHs is approximately 1-2 
part per billion, and may vary among analytes (chemicals detected). 
The level of quantification, often close to the level of detection, is 
based on our ability to confidently provide a numerical value for the 
concentration present. In the subset of data presented in the table 
above, there is one result that was quantified, phenanthrene, with a 
concentration of 0.15 parts per billion. 2 The FDA's level of concern 
for phenanthrene in oysters is 2,000 parts per million (over 7 orders 
of magnitude, i.e., 1 O million times higher, than was detected in an 
Apalachicola Bay oyster sample). 

To address concerns about declining oyster harvests, and the 
sustainability of the Apalachicola Bay oyster fishery, we have begun 
to examine environmental parameters that can affect the condition, 
health and growth of oysters regionally throughout the bay. A variety 
of environmental stressors can affect the health and growth dynamics 
of oysters in the Apalachicola Bay system, including sub-optimal 
water quality, contamination, oyster density, tonging-induced mortality, 
and the presence of parasites and pathogens. This section outlines 
the primary efforts contributed through the UF Aquatic Pathobiology 
Laboratories, with support from the Contaminants and Pathogens Work 
Group, others contributing to the UF Oyster Recovery Team, and the 
University of Florida Institute of Food and Agricultural Sciences. 

Sampling efforts were initiated to address the questions: "How healthy 
are Apalachicola Bay oysters?" "What factors might be associated 

TPchn,c,ans pror,;,,sr, freshly h,:iN~:-le-d <;p;ifr,r,(1 in a fi<>ld lahor;itory. 

. Startinq at sunrise. Shannon Hartsfield toI1ged for oystHs "1th .t>.nd\ Kane 
to make cnllect,onr, tor charn,c.:il ;in;ilyses. Mulurle watermen r>rnv,ded l!nw> ano ,11p,1t 
to r:ic,ht:,te the::-<'- s;,mple cnllect,on:;. Each waterrn;in c:ollectf'd sp,,,.,,n,,,n:; with rl.1ta on 
GPS rorrd11ial@$. time of colle::ti:Jn and ,pecI<>s . 

with altered health status?" and "Are there 
regional differences in condition, health or 
population dynamics?" To begin answering 
these questions, oysters were harvested from 
multiple sites in Apalachicola Bay across an 
east-west transect of the bay. These sites are 
shown in Figure 26. 

Oysters were sampled by tonging using 
two approaches. One approach allowed for 
more rapid collection of a larger number of 
specimens for health assessment that also 
permitted assessment of relative density, 
catch per unit effort, and size distribution 
including spat on cultch (Figures 27 and 28). 
This method closely reflects typical harvesting 
methods. 

The second sampling method used a 
depletion sampling approach as illustrated 
in Figure 29. Briefly, an area of known size 
(demarcated by maximally open tong rakes) 
on an oyster bed is repeatedly sampled 
in the same spot (depleting that small 
spot completely, or close to completely). 
Theoretically, if sufficient samples are 
randomly taken over a reef, density of 
harvest-size oysters can be estimated, along 
with a different metric for catch per unit effort. 

le I 1 _ ucJ1es 

Oysters have been sampled throughout 
Apalachicola Bay to discern the condition 
index of the meat, and the relative condition 
of the oyster shell based on the degree 
of shell parasitism associated with boring 
polychaete worms, boring clams, and boring 
sponges. 

. Some 1eal-wo1ld examples ol p811 pe1 billion cornpa11sons include. one penny in ; o million dolla1s. 1 second in 32 years. 11001 of a lnp 10 lhe moon. a blade ol grass on a football lield. 
or one drop o! water in an Olympic-srze swimming pool. 
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is related to the overall 
health and well-being of the animal, 
and reflects potential impact of multiple 
environmental stressors such as food 
availability, parasites and disease, water 
quality, and reproductive status. The 
condition index of the oyster meat is 
particularly important to Apalachicola Bay 
oysters that are prized for both flavor and 
appearance (Figure 30). 

analyzed 
as part of this effort include the prevalence 
and severity of boring shell parasites. These 
parasites include the sponge, Cliona; the 
boring clam, Oiplothyra smithii; and the 
polychaete worm Polydora (Figure 31). The 
presence and severity of these parasites 
in the oyster shells can have detrimental 
effects on the well-being of the oysters. 
Heavy shell parasite infestations divert 
oyster energy away from growth and health, 
and shift energetics toward self-preservation 
and secretion of more nacre to wall-off 
the invaders from the inside of the mantle 
cavity. Further, shells that are weakened 
by shell parasites are less "water tight" 
and more susceptible to predators such as 
whelks that use slow, steady pressure to 
pry open the shell and eat the oyster inside. 
Shell condition also affects the half-shell 
appearance of the oyster that is critical for 
the Apalachicola Bay oyster product. 

Shell parasites also affect the internal shell 
appearance, as parasites bore close to the 
animal inside. Multiple internal shell indices 
associated with shell-boring parasites are 
also being observed and recorded as part 
of these studies (Figure 32). Typically, the 
vast majority of all Apalachicola Bay oysters 
has some degree of shell parasitism (i.e., 
high prevalence) that affects the aesthetics 
of the shell as well as overall growth of the 
oyster. The severity of shell parasitism, 
however, varies greatly among individuals 
and location. The shell parasite observations 
described in Figure 32 contribute to an 
overall shell rank index (developed as part of 
this project). 

One of the most widespread 
diseases that affects American oyster 
is Dermo. This disease is caused by a 
microscopic, single-celled parasite that lives 
within the oyster meat tissues. The scientific 
name (genus and species) of the parasite is 
Perkinsus marinus. The common name of the 
disease (Dermo) came from an older genus 
name, Dermocystidium marinum, thought at 
the time to be a fungus. 

Dermo disease is endemic to Apalachicola 
Bay oyster populations. In other words, it 
exists historically throughout the bay and 
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is widespread. The severity of the disease, 
however, is typically relatively low such that it 
does not commonly overtly harm the oysters. 
When severe, however, Dermo can devastate 
and wipe out oyster populations. In general, 
elevated salinity and temperatures are 
associated with increased Dermo prevalence 
(percentage of infected oysters) and infection 
severity. 

This project has initiated monitoring of the 
prevalence and severity of Dermo at multiple 
sites across Apalachicola Bay. To do this, 
tissues from fresh, live oysters are incubated 
in a special growth medium, and then stained 
with iodine to visualize the Dermo spores 
(Figure 33). The number and distribution 
of spores in tissue samples seen under the 
microscope are used to rank the presence 
and severity of infection in each oyster 
examined. 

Data from Cat Point (Figure 34) and other 
Apalachicola Bay locations reveal a high 
prevalence of Dermo in oysters (typically 
>90% of all oysters sampled are positive 
for the parasite), albeit with a relatively low 
infection severity (approximately 1.00 on a 
scale ranging from 0-5). 

Dermo data derived from samples taken in 
November 2012 and February 2013 indicate 
that: 

"Early" versus "late" winter samples did 
not reveal significantly different weighted 
prevalence of Dermo between these two 
sampling time points (from animals taken 
from the same oyster bar); 

Sampling along different oyster bars 
(Cat Point, East Point Channel, East and 
West Jetties. Paradise) did not reveal 
significantly different weighted prevalence 
of Dermo within bars; 

Dermo infections may be higher 
throughout the bay now than previously 
estimated, based on other studies 
conducted through the Oyster Sentinel 
program3 and Petes et al. (2012).4 

\, d1t1on 11 ettori"' 
Continued sampling and analyses for Dermo 
disease (and other health indices) are planned 
as part of this study to discern Dermo 
prevalence and severity in summer months, 
when infections are typically higher. This type 
of sampling and data analysis is important in 
order to discern trends that may be relevant 
to fishery management strategies that can 
account for seasonality, oyster density and 
harvest pressure, water flow, water quality, 
and other stressors. 

Application of additional oyster health indices 
and analyses to examine associations 
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between environmental conditions and 
oyster health are also planned. Of great 
importance will be to discern relationships 
between Apalachicola Bay conditions, 
harvest pressure, and the health, condition 
and distribution of oysters relative to 
implementation of near- and long-term 
management strategies. 

< r c. , r cl 111 1 \ 1 ... r , I r 
Efforts have also included outreach through 
the Franklin County Seafood Workers 
Association, and support for the newly 
formed SMARRT. Support for SMARRT 
has been based on developing common 
goals to support a sustainable and healthy 
Apalachicola Bay system in partnership with 
federal and state managers and regulators. 
To that end, collaborative efforts have also 
extended to working with other stakeholders 
including Franklin's Promise Coalition, Gulf 
Coast Workforce Board, Florida Department 
of Agriculture and Consumer Services, 
Florida Fish and Wildlife Conservation 
Commission, and Apalachicola National 
Estuarine Research Reserve Service. 
Thanks are due to the many contributing 
Apalachicola Bay fishers and all parties 
engaging in this constructive partnership. 

,. - , __ 
Mon,tormg for the Oyster 
Frshe and an Experimental 
Assessment of Predator Impacts 

The collapse of the Apalachicola Bay oyster 
fishery has been detected through the 
combined efforts of the FDACS monitoring 
program and the commercial landings 
records of the FWC. Although these data are 
adequate to monitor the decline in market 
size oysters, they do not provide suffic ient 
information to determine the precise cause 
of this decline. As part of the oyster task 
force, my team is developing tools to 
supplement the current FDACS monitoring 
program so that future data include key 
demographic information: recruitment, 
growth, mortality, and size structure. By 
re-sampling the data we collect. we will 
determine the minimum sampling effort and 
operational cost required to obtain reliable 
demographic predictions. 

Using Florida Sea Grant program 
development funds, we developed a spatially 
stratified sampling design for reefs in which 
16 0.25 m2 quadrats were collected from 18 
different reefs (Figure 35a). As the current 
protocol used by FDACS does, we harvested 
all material in a quadrat and then processed 

Oyster Senllnel Ray and Son,a11ht1p. wM,.oys1e1se~1,~e10,g1 
Pet es LE 810Nn AJ and Knighl CR 20 12 Eco, Evol 2, 7I1712-1724 

I ' 

J•r 

1t Cl:1r'1S I v1n(), tt, n •h" -.r,~11. 
~• m;,11 Th"<.F ••'" J')O n\5 c,· 'YC?~~ of bor•nq a,,,.,,. 

• 1 n '-11,oll_ 

-- r 1 l or 

FL_ SEA-GRANT_ 41 135 



-·· 

Photorn,cmgraphs 2how,n!1 varying degrePS of Oe,1110 ,nfect,on ,r oysts' 
1nr111tl1? t1c:~u.=.. he nt,mber r1rd d1s!r,h11tion of spore~ allc•:.$ :i trninec1 obsrr.1c 
tr derive a we,ghte:< prevalence 101 a sarnpi,rirt s,te .:inn t,me point . ThE> -.ve1!1hted 
prevalen(".e ,c ba~d on tr,e percentage of oyr.ters w,th an~ detectable Jfrmo rnult,r:I1;,:J 
b~i tt1e rnE-111 se\'ent~ raril< (04 5, o~ a r·.,t:"tr 1.1n Sca.ei. 

1.'-) 

• November 201? ~: February 2013 

L.)J 

II u 
C 
II 
ii 
> 
II ~ 1.00 ..... 
Q. ;;; 

-g rX 
- C .s:. -Q ... 
·- :i: 
II :Ii G.61 ~-
0 

E 
II 
0 

IUJ 

0.00 
NO~TH MIDOLE SOUTH 

CAT POINT SAMPLING LOCATIONS 
-

Spat,,,I and tempor:1I d 1sct11but,on of OE·rmo ,n oy!StH., ~,mrted .,long C.11 Pn,nt 
t;ir ,.., Novembn '.::01'.:'. and Fl?bruaiy '.:013. 

it to estimate number, biomass, and size 
structure of oysters and predatory gastropods 
and decapods. However, we processed each 
sample three different ways. Each method 
differs in quality of data production and 
operational cost. The first sampling event 
was completed in January 2013 and involved 
working with Franklin's Promise to hire local 
oystermen for vessel transportation ($2,000). 
Below, we present preliminary findings on the 
condition of oyster reefs. 

O,o:.,P Pl r l JI 

Based on model-selection analysis, the 
amount of reef structure throughout 
Apalachicola Bay differs in two important 
ways. First, reefs in east Apalachicola have 
nearly double the amount of oyster structure 
when compared to reefs in west Apalachicola 
(Figure 35b). Second, and with respect to 
eastern reefs, reef structure increases in a 
linear fashion with distance from freshwater 
input (Figure 35c). In contrast, in the west, 
reef structure increases minimally from Region 
1 to Region 3. 

1 ,.J t J Id I )I t 

According to the same statistical procedures, 
the abundance of adult oysters (oysters > 
25 mm) differs between the east and west 
portions of Apalachicola Bay (Figure 36b). 
Similar to the pattern of reef structure, 
adult oysters on eastern reefs increased in 
abundance with distance from freshwater 
input. However, the presence of adult oysters 
is highly variable in Region 3 (i.e., larger error 
bars). The distribution of juvenile oysters ~.e., 
individuals < 25 mm) parallels the adult spatial 
pattern (Figure 36c). 

) , ster ;,iZe 
In the January 2013 survey, we found that 
oyster size on eastern reefs decreased with 
increasing distance from freshwater input. In 
contrast, oyster sizes collected from western 
reefs increase with increasing distance from 
freshwater input (Figure 37b). Because spatial 
differences in the supply of oyster larvae 
could skew the average size of oysters, we 
re-plotted these data only for oysters > 25 
mm length, thereby minimizing the influence 
of recruitment variation. This subset of data 
showed larger oysters sizes on both sides of 
the bay, yet the spatial patterns from Regions 
1-3 mirrored those of the full data set (Figure 
37cv). 

0\Sler i)l(d to 1bu rl .. 1C. 

In January 2013, the primary macro­
invertebrate predator was the southern oyster 
drill (Stramonita haemostoma). The abundance 
of this predator was significantly less than 
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the abundances we observed in preliminary sampling 
during October 2012. But for both the eastern and western 
portions of Apalachicola, the winter abundance of this 
predator peaks in Region 2 (Figure 38b). Because of 
the expected effects of the winter season, we found few 
individuals of crown conchs. 

I "Ur I l I .. ii 

, Monitor oyster recruitment and individual growth 
throughout the bay on a monthly basis beginning in 
March 2013. 

"' Conduct an oyster mortality experiment throughout 
the bay to assess mortality of adult and juvenile 
oysters as a function of predation and environmental 
conditions. 
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1 Establish correlative relationships between these 
oyster response metrics by deploying salinity, 
temperature, and tidal loggers throughout the bay. 

Collect monthly samples from each reef on nutrient 
and phytoplankton (Chi-a) concentrations in the 
water column . 

Repeat the aforementioned oyster survey in order 
to characterize the distribution and abundance of 
oysters and their predators during the summer. 

Use computerized re-sampling of our data to 
simulate less intensive sampling effort (e.g., 
measuring only a fraction of adult oysters in a 
quadrat) and to determine how much effort is 
required for reliable model analysis. 
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Social vulnerability and resiliency theory are approaches 
that have been used to look at communities' responses to 
both natural and man-made disasters. For communities 
dependent on natural resources for their livelihoods, 
environmental and natural disasters are particularly salient, 
since these communities are vulnerable to negative 
changes in the environment. Social scientists define social 
vulnerability as a group of factors that make the system 
more or less able to cope with change. Social vulnerability 
can be understood as a characteristic within the system 
that affects how much harm from external factors the 
system is likely to experience. Within a community system, 
increasing the resiliency of the community and involving 
its members in the decision-making process can be 
an important way to prepare members to handle future 
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disasters and remain strong. In addition, access to more 
resources helps people adapt to living in an environment 
with regular environmental vulnerability. Increasing 
information and awareness is also a strategy to decrease 
vulnerability and increase resilience. While scientific 
information is absolutely essential in working through 
environmental disasters and issues, it should be coupled 
with knowledge from those communities impacted. 

During the past seven years, Franklin County, Fla. has 
endured hardships, including hurricanes, tropical storms, 
red tide, the Deepwater Horizon oil spill and drought. Due 
to these hardships, local resources have been impacted, 
which has directly impacted the economic and social 
stability of Franklin County's communities. University of 
Florida researchers and community outreach specialists 
have been working with these communities to help 
mitigate the socio-psychological as well as environmental 
effects. Through these pre-established relationships with 
community leaders in Franklin County, UF was able to 
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continue to assist with resilient strategies and outreach 
efforts to combat recent economic downturns caused 
by the oyster harvesting crisis. These efforts included 
organizing and guiding community listening sessions and 
public forums, as well as collaborating with stakeholders 
on efforts to minimize damage and better prepare for 
future disasters. 

Since the 1990s, there has been a change in development 
projects and processes in which researchers have focused 
on community participation as a formative research 
technique. This shift has brought about a host of different 
social science research methods, including participatory 
rural appraisal, appreciative inquiry, and community 
capitals framework, that all include a focus on more 
participatory methods when working with the community. 
Within these approaches, community participation has 
been used as a way to increase community empowerment 
and resilience. 

Using the community participation method, a listening 
session and public forum meeting were held to hear the 
concerns of the community. The goal of these events was 
to understand community perceptions of the problems 
facing these communities. The first community meeting 
was an informal community listening session held on 
October 9, 2012. The purpose of this session was to bring 
interested parties together to address the oyster industry 
decline in Apalachicola Bay, FL. The session was divided 
in two different phases including: (1) what is happening, 
and how (are these events) affecting you? And (2) what 
are potential solutions to the situation? For this event, 
there were about 30 participants in attendance and these 
included representatives from the Franklin County Seafood 
Workers Association, Franklin's Promise Coalition, Florida 
Sea Grant, UF/IFAS Extension, and the university's Oyster 
Recovery Task Force. In addition. more than 15 community 
members were in attendance. 

It was during this session that community members 
described their idea of forming a stakeholder-based 
community initiative that focuses on the sustainability 
and resilience of the local seafood industry. The proposed 
effort, identified as Seafood Management Assistance 
Resource and Recovery Team (SMARRl), would work 
collaboratively to tackle current hardships and create 
sustainable plans that ensure future preparedness. 
Partners in this program would be about 15 members 
representing law enforcement/regulators, government 
officials, seafood businesses, nonprofit organizations, 
social services and academic institutions. The inclusion 
of diverse partners and stakeholders was evidence of the 
goal to develop a sustainable solution for the bay. 

The community development of the SMARRT initiative is 
an example of Empowerment Theory within a community. 
Empowerment Theory describes how changes in beliefs 
and attitudes influence changes in behavior leading 
to social change. It argues that by first developing a 
critical consciousness about one's (or a community's) 
situation and abilities, that collective action toward the 
social or collective good will occur. Empowerment can 
be considered either a process or an outcome, and can 
be analyzed at the individual or community level. As a 
process, empowerment increases power so that actors 

can take control of and act upon their own situations. 
Perceived control over the situation can account 
for varying levels of community participation, with 
communities who perceive that they have more control 
over their situations more apt to participate in community 
meetings and community organizing events. 

Following the theory, once the idea of SMARRT was 
initiated, the community was open to working with UF to 
further develop the idea and meet the goals. Therefore, 
once SMARRT was identified and defined, UF began 
efforts to work with the community to further develop 
this important initiative. A public forum was subsequently 
held on October 16, 2012 to identify next steps in the 
development of the SMARRT Task Force. This forum 
aimed to support this collaborative effort by bringing 
community members together with vested stakeholders 
to discuss potential solutions and action plans to address 
the challenges of the oyster decline. The sessions focused 
on stakeholder input regarding the future direction of 
the SMARRT initiative. Outputs of this meeting included 
the development of an ad hoc committee to assist in the 
development. UF was asked to sit on this task force and 
has since been actively involved in the development of 
SMARRT. 

This meeting provided the opportunity for community 
members to interact both internally and externally, 
which can also lead to open communication, higher 
feelings of empowerment, and resilience. The theory of 
communicative action explores the role of communication 
in creating social bonds. This theory argues that for groups 
to work together they must first understand one another, 
particularly in their interpretations of the world and social 
norms. Language, therefore, is a way to understand one 
another on a deeper level. Open communication, without 
resorting to power or persuasion, is crucial to reveal truth 
about situations and issues and is the only way to reach 
true consensus. It was the aim of these initial meetings to 
learn from the community and to be thoroughly transparent 
in efforts in which to assist them. Efforts were therefore 
developed collaboratively and strategically. 

One example of the collaborative effort between the 
community and UF was the development and presenting 
of a grant workshop to Franklin County, FL in February 
2013. The focus of this workshop was collaboration 
among community resource organizations in order to have 
the largest impact within the community. For this event, 
there were 13 participants from extension and 15 with 
nonprofit or public organizations. Participants had diverse 
and overlapping program interests, including gardening, 
health, nutrition, natural resources, youth, the arts, financial 
literacy, and disaster preparedness. The grant workshop 
covered topics including (1) developing the right idea, (2) 
creating logic models, (3) building a grant writing team, 
(4) collaborating as a team, (5) creating a budget, and 
(6) final submission. The overall goal of the workshop 
was to the increase capacity of community leaders and 
organizations to collaborate together to secure resources 
for their programs focused on community development 
and resiliency. 

Moving ahead, UF will continue to look for opportunities 
to collaborate with the community in order to meet needs. 
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In addition, we will continue to be active in our efforts 
to work with the community to further the development 
of SMARRT. The theory of empowerment discusses 
new ways of approaching development intervention 
collaborations. Suggestions have been made on how 
to facilitate the empowerment process when working 
with groups. This includes (1) enhancing experience and 
competence, (2) enhancing group structure and capacity, 
(3) removing social and environment barriers, and (4) 
enhancing environmental support and resources. In 
order to integrate the pieces of empowerment theory into 
SMARRT, UF will continue to advise SMARRT developers 
on next steps and organizational structure. We have been 
present at all meetings and work diligently to become 
a bridge between the community organization and the 
resources available at the University of Florida. 

The use of participatory methods when working with 
communities, whether for research or development 
projects, can be used to open communication lines 
among people to express concerns and priorities for 
their communities. This is important in developing new 
strategies for handling current and future crises and natural 
disasters in resource-dependent communities like those in 
Franklin County. 

' - ., L 

A new modest, periodic fishery appears probable and 
potentially useful in terms of partial predator control. 
Initial studies are assessing the potential for harvest and 
utilization of the crown conch, Melongena corona, which 
is one of the primary predators on oysters. These small 
mollusks can appear in substantial numbers relative to 
salinity regimes in Apalachicola Bay as well as other similar 
coastaVestuarine areas about Florida and the Southeast 
U.S. region. Development of the fishery will proceed 
with caution due to the lack of information pertinent to 
a fishery. Preliminary assessments have been favorable 
regarding necessary processing to recover edible portions 
and market acceptance of the product in cooked forms. 
Commercial retail interest is strong mindful of the limited 
availability of the traditional queen conch, Strombus 
gigas, which currently is under formal consideration as an 
endangered species (NOAA/2013). Since December 2012, 
crown conch has been harvested from Florida waters and 
processed to recover substantial volumes for secondary 
production of food items. The cooked forms have been 
successfully evaluated by the seafood sensory expertise 
at the Food Science and Human Nutrition Department at 
the University of Florida, and through trials in established 
retaiVfood service chains based in Florida. Further work 
is necessary to assess attributes involving appropriate 
resource availability and utilization, food safety and quality, 
including frozen storage and shelf-life, and markets for 
by-products including empty shells and live crown conch 
that are too small for processing. As a new seafood item, 
request for appropriate terminology for product identity 
and labels as Crown Conch have been formally initiated 
with the required federal authorities in the Food and Drug 
Administration and respective resource authorities in the 
FWC. This work is proceeding with commercial assistance 
through Florida Sea Grant staff without financial support 
from grant funds. 

Ml 1 r '-' 

SUGGESTIONS FOR MONITORING, 
MANAGEMENT, RESTORATION 
AND RESEARCH 

There is a need to continue the monitoring of oysters 
in Apalachicola Bay, both in terms of tracking landings 
reported by oystermen, and in the sampling done by 
state agencies.The fisheries independent monitoring 
program needs to be expanded in its spatial extent to 
include all of the bay where oyster bars occur, including 
areas that are closed to fishing, because these may 
represent important sources of oyster spat. 

Oysters should be included on the list of invertebrate 
species routinely assessed by Fish and Wildlife 
Research Institute (FWRI) stock assessment staff. 
These assessments can identify persistent uncertainties 
in oyster ecology or population status and help guide 
research such as the relationship between Apalachicola 
River flows and juvenile oyster survival rate or culling 
mortality. 

, 11 I 11 11 I > ) I 1 

Acceptance by the community and industry, and 
enforcement and adjudication of rules regarding size 
limits, spatial restrictions, and weekly and seasonal 
closures is essential for these measures to be effective 
in sustaining the oyster population. 

Throughout our work on this project there were 
persistent reports of high levels of unreported harvest 
and illegal harvest from closed areas. While tangible 
evidence of illegal activity is not available, it is clear 
from our simulation models that lack of compliance with 
current regulations could greatly reduce the likelihood 
of Apalachicola Bay oyster populations returning to 
historic population levels, regardless of management 
action taken. 

Oyster leases should be explored as a possible 
alternative to open-access fisheries. The concept 
of TURF (Territorial User Rights Fisheries) as a lease 
arrangement could be appealing to oyster fishermen 
and help promote restoration actions such as 
re-shelling because the fishermen would benefit directly 
from the restoration activities they were engaged in 
by having a "share" of the restored area (the lease) to 
manage and harvest from. 

The total current area of oyster bar in Apalachicola 
Bay that is not open to fishing is unknown, and the 
degree to which this area is the source of the oyster 
spat for the entire bay also is unknown. If this area is 
small or declining, then large-scale oyster relay from 
these closed areas to areas open to fishing may reduce 
the total spat available throughout Apalachicola Bay, 
increasing the risk of "recruitment overfishing" where 
harvests of adults could influence availability of future 
spat. 

Therefore, the practice of 'relaying' should be carefully 
evaluated in regard to its short-term benefits versus 
potential longer-term negative impacts to the fishery-in 
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other words, whether or not it is depleting a substantive 
portion of the source population of oyster spat. 

Management actions such as shell planting could 
expedite the recovery of Apalachicola Bay oyster 
resources. However, a new modeling tool called 
ECOSPACE, brought forward by the UF Oyster 
Recovery Team, suggests that shell planting needs 
to be conducted at a considerably greater scale than 
current levels to be effective-approximately 200 
acres per year for a 5-year period. A very important 
uncertainty is whether shell planting should concentrate 
large amounts of shell in small areas to create thick 
layers of shell or whether shell should be spread over 
larger areas but not in as thick a shell layer. Restoration 
should be done in a manner that provides information 
on efficacy and cost-effectiveness of different shelling 
strategies, including evaluating different densities of 
shelling and different kinds of shell material. 

A participatory decision-making process, involving 
SMARRT (the Seafood Management Assistance 
Resource and Recovery Team), relevant state agencies 
and experts from the state university system is needed 
to support long-term management of the oyster fishery 
in a more robust manner. The ECOSPACE model could 
further support members of SMARRT and management 
agencies to screen different policy or restoration 
alternatives. 

Research is needed to identify an optimal approach 
for monitoring long-term settlement, juvenile and adult 
survival, productivity, health, mortality, oyster diseases, 
and product quality of oysters. Subsequently this 
information could be used to inform changes in the 
oyster monitoring program. 

Research is needed to quantify how oyster population 
dynamics, product quality and the fishery are affected 
by interactions between river flow, nutrients, salinity, 
harvesting intensity and restoration methods. 

There is a need to assess the harvesting practices of 
the oystermen and how they respond to changes in 
oyster abundance. 

The ECOSPACE model has additional functionality to 
identify effects of varying flow regimes and to screen 
flow alternatives, relative to Apalachicola Bay oyster 
population dynamics and harvest potential when the 
model is linked with the Apalachicola Basin River 
Model currently being used by the Apalachicola­
Chattahoochee-Flint River Stakeholders Group. 
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A community-based outreach and education program 
is needed to foster actions consistent with supporting a 
sustainable bay ecosystem and economy. 

Involvement of oyster harvesters and processers in 
research and restoration projects can aid in educating 
the entire community about bay stewardship. 

The situation in Apalachicola Bay, as outlined in the pages 
of this report, highlights a series of interwoven ecologic, 
fisheries, and community concerns. The bay is a national 
treasure, and its demise would sever critical links among 
our modern society, nature and our heritage. Work to date 
is a starting point toward understanding the processes 
underlying the current crisis, and includes steps that can 
and should be taken in initial efforts to restore the bay. 
However, if we are truly committed to bringing the bay 
back to a point even close to its former productivity, a 
great deal of work is still required. These studies and 
analyses were conducted on a shoestring budget with 
internal funds from UF/ IFAS, and limited support from 
Florida Sea Grant and from the National Institute of 
Environmental Health Sciences. If we are truly committed 
to the restoration of the bay, we can't stop here. There is 
a critical need for follow-up work, bringing together state 
and federal agencies, academic researchers, and the 
community, to look out over a 5-, 10-, and 20-year time 
scale, to conduct interventions, do the necessary research, 
and monitor outcomes. This will require a strong leadership 
structure and it will cost money. The question remains 
as to whether we, as a society, are willing to make this 
investment of time, and money. to preserve this priceless 
natural resource for our lifetime, and the lifetimes of our 
children. 
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Exhibit 19 

  



Date Location five.year.bin Cultch Type Cubic Yards Acreage Yd3/Acre Actual Yd3/Acre Cost Price/Yd3 Actual Price/Yd3 Cost/Acre Actual Cost/Acre Notes
1970 Apalachicola Bay 1970 Processed Oyster Shell 18,649 74.6 100 - 200 250 -$                       -$                        
1971 Apalachicola Bay 1970 Processed Oyster Shell 10,136 40.5 100 - 200 250 -$                       -$                        
1972 Apalachicola Bay 1970 Processed Oyster Shell 9,675 38.7 100 - 200 250 -$                       -$                        
1973 Apalachicola Bay 1970 Processed Oyster Shell 7,660 30.6 100 - 200 250 -$                       -$                        
1974 Apalachicola Bay 1970 Processed Oyster Shell 5,780 23.1 100 - 200 250 -$                       -$                        
1975 Apalachicola Bay 1975 Processed Oyster Shell 5,055 20.2 100 - 200 250 -$                       -$                        
1976 Apalachicola Bay 1975 Processed Oyster Shell 0 #DIV/0!
1977 Apalachicola Bay 1975 Processed Oyster Shell 2,751 11 100 - 200 250 -$                       -$                        
1978 Apalachicola Bay 1975 Processed Oyster Shell 10,139 40.6 100 - 200 250 -$                       -$                        
1979 Apalachicola Bay 1975 Processed Oyster Shell 6,258 25 100 - 200 250 -$                       -$                        
1980 Apalachicola Bay 1980 Processed Oyster Shell 5,709 22.8 100 -200 250 -$                       -$                        
1981 Apalachicola Bay 1980 Processed Oyster Shell 8,570 34.3 100 - 200 250 -$                       -$                        PL 88-309
1982 Apalachicola Bay 1980 Processed Oyster Shell 6,501 26 100 - 200 250 -$                       -$                        PL 88-309
1983 Apalachicola Bay 1980 Processed Oyster Shell 14,030 56.1 100 - 200 250 -$                       -$                        PL 88-309
1984 Apalachicola Bay 1980 Processed Oyster Shell 26,164 104.7 100 - 200 250 -$                       -$                        
1985 Apalachicola Bay 1985 Processed Oyster Shell 13,949 55.8 100 - 200 250 -$                       -$                        
1986 Apalachicola Bay Processed Oyster Shell 24,567 120 250 205 $416,200 16.94$                   3,468.33$              FCSWA
1986 Apalachicola Bay Dredged Clam Shell 56,470 225 250 251 $918,000 $16.25 16.26$                   $4,080 4,080.00$              CFDA/PL 88-309 (4B)
1986 Apalachicola Bay 1985 Oyst+Clam 81,037
1987 Apalachicola Bay Dredged Clam Shell 39,760 160 250 249 $553,950 $13.89 13.93$                   $3,460 3,462.19$              CFDA/PL 88-309 (4B)
1987 Apalachicola Bay Processed Oyster Shell 14,901 60 250 248 $178,800 12.00$                   $2,980 2,980.00$              
1987 Apalachicola Bay 1985 Oyst+Clam 54,661
1988 Apalachicola Bay 1985 Processed Oyster Shell 9,104 36.4 100 - 200 250 $109,250 12.00$                   $3,000 3,001.37$              
1989 Apalachicola Bay 1985 Processed Oyster Shell 10,013 40 250 250 $120,000 11.98$                   $3,000 3,000.00$              
1990 Apalachicola Bay 1990 Processed Oyster Shell 7,297 36 200 203 $87,500 11.99$                   $2,400 2,430.56$              
1991 Apalachicola Bay 1990 Processed Oyster Shell 0
1992 Apalachicola Bay 1990 Processed Oyster Shell 2,100 8.4 100 - 200 250 $25,200 12.00$                   $3,000 3,000.00$              
1993 Apalachicola Bay Scallop Shell 4,415 22 200 201 $55,200 $0.55 12.50$                   $2,500 2,509.09$              
1993 Apalachicola Bay Processed Oyster Shell 6,250 25 100 - 200 250 $75,000 12.00$                   $3,000 3,000.00$              
1993 Apalachicola Bay 1990 Oyst+scallop 10,665
1994 Apalachicola Bay Processed Oyster Shell 1,440 6 250 240 $17,280 12.00$                   $2,880 2,880.00$              
1994 Apalachicola Bay Processed Oyster Shell 923 5 200 185 $44,300 48.00$                   $8,860 8,860.00$              EDA/JTPA/FCSWA
1994 Apalachicola Bay Scallop Shell 7,841 39 200 201 $375,000 $0.55 47.83$                   $9,600 9,615.38$              EDA/JTPA/FCSWA
1994 Apalachicola Bay 1990 Oyst+scallop 10,204
1995 Apalachicola Bay Dredged Oyster Shell 8,940 45 200 199 $457,700 $20.00 51.20$                   $10,170 10,171.11$            EDA/JTPA/FCSWA
1995 Apalachicola Bay Processed Oyster Shell 10,935 43.7 250 250 $131,200 12.00$                   $3,000 3,002.29$              
1995 Apalachicola Bay 1995 dredged+processed 19,875
1996 Apalachicola Bay 1995 Processed Oyster Shell 9,000 36 250 250 $108,000 12.00$                   $3,000 3,000.00$              
1997 Apalachicola Bay 1995 Processed/Dredged Shell 9,705 39 250 249 $116,460 12.00$                   $3,000 2,986.15$              
1998 Apalachicola Bay 1995 Processed Oyster Shell 1,585 6.5 100 -200 244 $38,040 24.00$                   $5,850 5,852.31$              
1999 Apalachicola Bay 1995 Processed Oyster Shell 1,750 7 250 250 $21,000 12.00$                   $3,000 3,000.00$              
2000 Apalachicola Bay 2000 Processed Oyster Shell 7,316 29.3 100 - 200 250 $87,800 12.00$                   $3,000 2,996.59$              
2001 Apalachicola Bay 2000 Processed Oyster Shell 9,828 40 250 246 $216,200 $12.00 22.00$                   $5,400 5,405.00$              FDOT
2002 Apalachicola Bay 2000 Processed Oyster Shell 12,508 50 250 250 $275,200 $12.00 22.00$                   $5,500 5,504.00$              FDOT
2003 Apalachicola Bay 2000 Processed Oyster Shell 12,744 51 250 250 $280,370 $12.00 22.00$                   $5,500 5,497.45$              FDOT
2004 Apalachicola Bay 2000 Processed Oyster Shell 528 2.1 250 251 $11,600 $12.00 21.97$                   $5,530 5,523.81$              FDOT
2005 Apalachicola Bay 2005 oyster shell 0
2006 Apalachicola Bay 2005 oyster shell 0
2007 Apalachicola Bay 2005 oyster shell 0
2008 Apalachicola Bay 2005 Processed Oyster Shell 7,700 31 100 - 200 248 $169,400 $12.00 22.00$                   $5,500 5,464.52$              EDRP1
2009 Apalachicola Bay, Franklin County 2005 Processed Oyster Shell 4,345 20 100 - 200 217 $95,600 $12.00 22.00$                   $4,800 4,780.00$              EDRP1
2010 Franklin County 2010 Processed Oyster Shell 14,313 57.2 244 250 -$                       -$                        
2011 Franklin County 2010 Processed Oyster Shell 4,880 19.3 253 253 -$                       -$                        
2012 Franklin County 2010 Processed Oyster Shell 8,630 34.6 249 249 -$                       -$                        
2013 Franklin County 2010 Processed Oyster Shell 4,000 16 250 250 $109,375 27.34$                   6,835.94$              
2014 Franklin County 2010 Processed Oyster Shell 20,226 99.63 200 203 $1,803,644 $84.99 89.17$                   $16,997 18,103.42$            
2015 Franklin County 2015 Processed Oyster Shell 26,900 134.5 200 200 $2,010,775 $74.75 74.75$                   $14,950 14,950.00$            

overall.average 12,077
average.before.2010 11,950
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Water-Level Decline in the Apalachicola 
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Glossary 

Channel change refers lo physical changes in a river channel. such as widening, deepening. or 
changes in slope, which can result in a change in the water level for a given discharge. Channel 
change can also refer to minor rerouting of the channel locally, such as meander cutoffs or bend 
easings to straighten bends in the ri ver. 

Climate year is an informal term used in this report to tlefine the annual period from April 
through March 3 1. This period was used in analysis of low discharges in order to avoid splitting 
low-tlow periods that typically occur in summer and fall. (See water year.) 

Equivalent-stage discharge is an informal term used in this report to represent the di scharge 
in the recent period having the same water-surface e levation as a specified discharge had during 
the pre-dam period. For example, the selected discharge of 15.000 cubic feet pe r second at the 
Chattahoochee gage had a pre-dam stage of 49.22 feet. and 25.700 cubic feet per second is the 
' ·equivalent-stage discharge·• in the recent period that has that same water-surface e leva tion. 
De termining equivalent-stage discharge is a necessary first step in determining the decrease in 
duration of inundation from pre-dam to recem periods. 

Gage or streamgage refers to a long-term streamflow gaging station at which a time-series 
of stage measurements (elevation of river surface) have been recorded. and measurements of 
instantaneous streamnow discharge may have been made. 

High bottomland hardwood forests grow on the higher e levations of the floodplain (levees 
and ridges) that are usually inundated for 2 Lo 6 weeks each year. High bottomland hardwoods 
are dominated by sweetgum and hackberry. 

Joining point is an informal term used in this report to indicate the stage or discharge at which 
pre-dam and recent stage-discharge relations merge. The joining point discharge is a large 
value al the upstream-most site. and gradually dei.:reases with distance downstream. For any 
given site. the joining point identifies the stage or discharge above which the proportion of n ow 
moving over the floodplain is large enoug h that physical changes that occurred in the main river 
channel at that site have no noticeable effec t on river stage. 

Lag lime is an expression for the time it takes for water passing an upstream gage to reach 
a downstream location. All lag limes used in this report represent average travel times 
from Chattahoochee to downstream locations. Ana lyses in this report were based on da ily 
mean values. thus lag times were expressed in who le days. rather than hours. Discharge at 
Chauahoochcc was re lated to stage I day later at Blountstown, 2 days later at Wewahitchka and 
RM 35. and 3 days later at Sumatra. Methods used to de te rmine lag times are described in the 
text. 

Loop stream is an informal term used by Light and others ( 1998) to describe a type of 
floodplain stream or s lough in which water diverted from the main river en te rs a t the head 
of the stream. flows a few miles in the stream channel through the tloodplain. and returns lo 
the river at the mouth of the stream. An intermittent stream of this type is fed by the ri ver and 
receives no direct upland runoff, thus when water levels in the river are too low. the stream 
stops flowing. 

Low bottomland hardwood forests are present on low ridges and flats where continuous 
tlooding averages 2 to 4 months per year. Low bottom land hardwoods are dominated by water 
hickory, overcup oak. swamp laure l oak, and green ash. 
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Percent duration of inundation is the percentage of time that a particular location is inundated 
by water. Percent duration of inundation, which is a term used to describe hydrologic 
conditions on the noodplain, is numerically equal to percent excecdance in this report: however, 
that is not always the case in other contexts. Percent duration of inundation in the floodplain 
can be different than percent exceedance calculated from streamflow data, because some 
topographic features in the floodplain. such as swamp depressions. may retain water long after 
flood waters recede. Thus. the reader is cautioned that percent duration of inundation values in 
this report are based solely on river stage. without any adjustments to account for site-specific 
variations in floodplain topography. (See percent exceedance.) 

Percent exceedance is the percentage of time that a specified streamflow discharge is equaled 
or exceeded during a given time period. In this report. percent duration o f inundation. which is 
a term used to describe hydrologic conditions on the floodplain, is numerically equal to percent 
exceedance. (See percent duration of inundation.) 

Pre-dam period is an informal term used in this report to refer to the time period before 
substantial physical changes occurred in the Apalachicola River. This period ends in May 
1954, which is when Jim Woodruff Dam was completed and the filling of Lake Seminole 
was initiated. Riverbed degradation which resulted from the trapping of streambed sediment 
in the reservoir, was the primary cause of the water-level decline in the upper reach o f the 
river. Beginning in 1956, a variety of other channel-altering activities took place over a period 
of many years that probably also contributed to the water-level decline. particularly in the 
nontidal lower reach. Thus. the use of the term "pre-dam" is not intended to imply that scour 
downstream from the dam as a result of sediment trapping in the reservoir was the only cause 

of channel change. 

Reach refers to a length subdivision of the Apalachicola River. The upper reach begins just 
below Jim Woodruff Dam at river mile I 06.3 and extends about 29 miles downstream to the 
Blountstown gage at river mile 77.5. The middle reach is the longest reach, about 36 miles 
long, ending at the Wewahitchka gage at river mile 41.8. The nontidal lower reach is the 
shortest reach, about 2 1 miles long, and ends at the Sumatra gage at river mile 20.6. The tidal 
reach of the river is not discussed in this report. In reality. there is no precise boundary between 
the tidal and nontidal reaches. but rather a transitional zone in which tidal influence is minimal 
at the upper end (occuring only a t very low flows) and gradually increases downstream. For 
practical purposes in this report, the boundary between tidal and nontidal was establi shed at the 
Sumatra gage; however. during low-flow conditions, tidal influence occurs at the Sumatra gage 
and probably a lso extends upstream to some undetermined point. 

Recent period is an informal phrase used in this report to indicate the decade from October 
I, 1994. to September 30, 2004. This period was chosen to be long enough to include a mix 
of both flood and drought years, but short enough to exclude data from earlier periods during 
which water levels were still changing. 

River mile (rm) refers to a reference frame of distances along the river channel. In this report. 
river mile values are those depicted on the most recent U.S. Geological Survey quadrangle 
maps that were available in 2005. These river mile distances are similar to, but not exactly the 
same as, the most recent navigation mile system used by U.S. Army Corps of Engineers. Slight 
differences in distance reference frames are to be expected because the river moves and changes 
length through time in response to various processes. both natural and anthropogenic. 

Stage refers to the elevation of water surface of a river at a particular time and place. 

Stage-discharge rating refers to a standard U.S. Geological Survey stage-discharge re lation 
based on instantaneous observations of stage and direct measurements of discharge made at a 
streamflow gaging stati on. (See stage-discharge re lations.) 



Stage-discharge relations are defined hy best-fit lines or curves in which river stage is 
related to river discharge. Three types of relations arc used in this report: (I) standard U.S. 
Geological Survey stage-discharge ratings: (2) nonstandard relations in which stage at a 
downstream gage is re lated to discharge at the upstream-most gage at Chattahoochee, Florida: 
and (3) interpolated nonstandard relations in which stage at a between-gage site is re lated to 
discharge at the Chattahoochee gage, based on interpolation between relations at the closest 
upstream and downstream gages. (See stage-discharge rating.) 

Streamgage or gage refers to a long-term streamflow gaging station at which a time-series 
of stage measurements (elevation of river surface) have been recorded. and measurements of 
instantaneous streamflow discharge may have been made. 

Thalweg is the deepest part o f the ri ver channel. 

Tupelo-cypress swamps are present in the lowest e levations of the floodplain where 
continuous flooding averages 4 to 9 months per year. Swamps arc dominated by water tupelo. 
bald cypress. and ogeechee tupe lo. 

Water-level decline. as applied to streamflow. can refer to three situations. This report 
primarily addresses the situation characteri zed by a long-term decrease in ri ver stage for a 
particular streamflow discharge. and a long-term shift in the stage-discharge re lation for a site. 
Such declines result from some type of channe l change. which usuall y occurs over a pe riod 
of years. Another type of water-level decline, which is also addressed in this report but is not 
described in as much de tail as the first type. refers to a long-term decrease in the amount of 
water de livered from the upstream watershed. Both of these types of wate r- level declines cause 
periods of low water levels to become more frequent and longer in duration . Water- level decline 
can a lso refer to short-te rm nuc tuations in stage during the passage of a flood. but this meaning 
is not used in thi s report. 

Water year is defined as the annual period from October I through September 30. This period 
was used in analysis o r high discharges in order Lo avoid splitting nood events that typically 
occur in winter and spring. (See climate year.) 
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Water-Level Decline in the Apalachicola River, 
Florida, from 1954-2004, and Effects on 
Floodplain Habitats 

By Helen M. light 1, Kirk R. Vincent 2, Melanie R. Darst 1, and Franklin D. Price 3 

Abstract 

From 1954 to 2004. water levels declined in the non tidal 
reach of the Apalachicola Rive r. Florida. as a result of long­
term changes in stage-discharge relations. Channe l widening 
and deepening. which occurred throughout much of the river. 
apparently caused the declines. The period o f most rapid chan­
ne l enlargement began in 1954 and occurred primarily as a 
gradual erosional process over two to three decades. probably 
in response to the combined effect of a dam located at the head 
of the study reach ( I 06 miles upstream from the mouth of the 
river). river straightening. dredging. and other activities along 
the river. Widespread recovery has not occurred. but channel 
conditions in the last decade ( 1995-2004) have been re latively 
stable. Future channe l changes. if they occur. are expected to 
be minor. 

The magnitude and extenl of water- level dec line attrib­
utable to channe l changes was determined by comparing 
pre-dam stage (prior to 1954) and recent stage (1995- 2004) 
in relation to discharge. Long-term stage data for the pre­
dam period and recent period from fi ve streamflow gaging 
stations were related to discharge data from a single gage 
jusl downstream from the dam. by using a procedure involv­
ing streamflow lag times. The resulting pre-dam and recent 
stage-discharge re lations at the gaging stations were used in 

1 U.S. Geological Survey. 2010 Levy Avenue. Tallahassee. FL 32310. 
2U.S. Geological Survey. 3 215 Marine Street. E- 127. Bo ulder. CO 80303. 
) Florida Fish and Wildlife Conservation Commission. 350 Carroll Siree1, 

Eastpoint. FL 32328. 

combina1ion with low-llow water-surface profile data from 
the U.S. Army Corps of Engineers to estimate magnitude of 
water-level dec line at c losely spaced locations (every 0.1 mile) 
along the river. The largest water-level declines occurred a t the 
lowest discharges and varied with location along the river. The 
largest water-level decline. 4.8 feet. which occurred when sedi­
ments were scoured from the streamhed just downstream from 
the dam. has been generally known and described previously. 
This large dec line progressively decreased downstream to a 
magnitude of I foot about 40 river miles downstream from the 
dam. which is the location that probably marks the downstream 
limit of the influence of the dam on bed scour. Downstream 
from that location. previously unreported water-level declines 
progressively increased to 3 feet at a location 68 miles down­
stream from the dam. probably as a result of various channel 
modifications conducted in that part of the ri ver. 

Water- level declines in the river have substantia ll y 
changed long-term hydrologic conditions in more than 
200 miles of off-channe l floodplain sloughs. s treams. and 
lakes and in most of the 82.200 acres of Aoodplain forests in 
the nontidal reach of the Apa lachicola River. Decreases in 
duration of n oodplain inundation at low d ischarges were large 
in the upstream-most IO miles of the river (20-45 percent) 
and throughout most of the remaining 75 miles of the nontidal 
reach ( 10-25 percent). As a consequence of thi s decreased 
inundation, the quantity and quali1y o f noodplain habitats for 
fish. mussels. and o ther aquatic organisms have dec lined. and 
wetland fores1s of the floodplain are changing in response 
to drie r conditions. Water-level decline caused by channel 
change is probably the most serious anthropogenic impact that 
has occurred so far in the Apalachicola River and floodplain . 



2 Water-Level Decline in the Apalachicola River, Florida, from 1954 to 2004. and Effects on Floodplain Habitats 

This decline has been exacerbated by long-term reductions in 
spring and summer flow, especially during drought periods. 
Although no trends in total annual flow volumes were 
detected, long-term decreases in discharge for April, May, 
July, and August were apparent, and water-level declines 
during drought conditions resulting from decreased discharge 
in those 4 months were similar in magnitude to the water-level 
declines caused by channel changes. The observed changes in 
seasonal discharge are probably caused by a combination of 
natural climatic changes and anthropogenic activities in the 
Apalachicola-Chattahoochee-Flint River Basin. Continued 
research is needed for geomorphic studies to assist in the 
design of f uture floodplain restoration efforts and for hydro­
logic studies to monitor changes in the future flow regime of 
the Apalachicola River as water management and land use in 
this large tri-state basin continue to change. 

Introduction 

Large coastal plain rivers of the southeastern United 
States have extensive forested floodplains with a diversity of 
aquatic and wetland habitats that are strongly influenced by 
ri ver levels (Wharton and others. 1982: Mitsch and Gosselink. 
2000). Streams, sloughs, ponds, lakes, and swamps in the 
floodplain alternately connect and disconnect as river levels 
fluctuate. Complex relationships exist between biological 
communities in fl oodplain habitats and river levels. with floral 
and faunal distributions varying spatially, seasonally, and 
annually as the river rises and falls (Welcomme, 1979: Bayley, 
1995; Power and others. 1995). 

In floodplains along the 86-mi (mile) nontidal reach of 
the Apalachicola River (figs. I and 2), there are more than 
200 mi of off-channel floodplain sloughs, streams. and lakes 
that are directly influenced by river-level fluctuations (Light 
and others. 1998). These off-channel waterbodies provide 
extensive habitat for fishes and other aquatic organisms. 
More than 80 percent of the freshwater and anadromous fish 
species found in the Apalachicola River are known to spend 
some part of their life cycle in floodplain habitats (Light 
and others, 1998: Stephen J. Walsh. U.S. Geological Survey 
(USGS), written commun., 2006). In addition, tree species 
richness in 82,200 acres of swamps and bottomland hard­
woods bordering the Apalachicola River is among the highest 
of North American river fl oodplains (Leitman and others, 
1984: Brinson, 1990). Tree composition and recruitment in 
this vast wetland forest corridor is primarily determined by the 
flow regime of the river. 

Water-level declines caused by channel change in the 
upper reach of the ri ver, and the impact on floodplain habitats 
resulting from these declines, are described in previous reports 
(Simons, Li, and Associates, J 985: Light and others, 1998: 
U.S. Army Corps of Engineers (USACE). 2001a). Until 
recently, these declines were thought to be limited primarily 
to the upper reach and its floodplain. which constitutes about 

20 percent of the total floodplain area of the nontidal river. 
Based on the water-level declines attributable to channel 
changes in the middle and nontidal lower reaches that are 
documented in this report, it is now known that water levels 
in most o f the remaining 80 percent of the non tidal floodplain 
declined at about the same time as water levels declined in the 
upper reach. As a consequence, almost all of the nontidal river 
and floodplain is now experiencing longer and more frequent 
periods of low water levels than prior to 1954. increasing the 
amount of time that woody substrate along channel banks is 
exposed; floodplain streams are dewatered, isolated. or not 
flowing: and swamps and bottomland hardwood forests are dry. 

A conceptual diagram illustrating the causes of long-
term water-level decline in rivers and the consequences on 
river-floodplain habitats is presented in figure 3. Two types 
of changes can potentially decrease long-term water levels: 
physical changes in the channel or a reduction in the amount of 
water delivered from upstream. Physical changes in the chan­
nel, such as channel enlargement or increased flow velocity. 
can change stage-discharge re lations. resulting in a long-term 
decrease in river stage (water level) in re lation to streamflow 
discharge (volumetric rate of flow). In contrast, reductions in 
the amount of water delivered from upstream do not change 
stage-discharge re lations. Temporary changes in water level 
may occur during droughts or when streambed topography is 
rearranged during the passage of a flood. Where a water-level 
decline persists for many years. or the decline increases in 
magnitude over many years, the decline is probably the result 
of fundamental changes in either the geomorphology of local 
channels or the hydrology of the upstream watershed, or both. 

Channel widening and deepening has occurred throughout 
much of the river (USACE, 200 I a; Price and others. 2006). 
and is the apparent cause of the long-term changes in stage­
discharge re lations documented in this report. A certain 
amount of channel change is natural in meandering streams 
(such as the Apalachicola River) as the stream migrates across 
the floodplain (Gilbert, 1877: Mackin, 1948; Hupp, 2000). 
Natural channel migration. however, occurs without a change 
in channel size. Sediment is eroded from the cut-bank on the 
outside of a bend and deposited on point bars a short distance 
downstream. As the point bar accretes laterally, the older area 
of the bar becomes colonized with trees. so that channel width 
and depth remain re latively constant over time as the channel 
migrates across the floodplain. Channel enlargement can result 
from an increase in the magnitude or frequency of peak fl oods 
caused by climate change or watershed urbanization (Leopold 
and others, 2005). There is no evidence. however. that chan­
nel changes in the Apalachicola River have been caused by 
increased flow. Along certain rivers, the channel can widen 
substantially (but not deepen) during a catastrophic flood. 
although this widening is fo llowed by gradual narrowing 
during subsequent decades (Schumm and Lichty, 1963). The 
Apalachicola River, in contrast. enlarged gradually and has 
not recovered by narrowing. Therefore. the channel widening 
and deepening that occurred in the Apalachicola River was 
probably caused by anthropogenic activities along the river. 
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Channel enlargement began in 1954 and occurred 
primarily as a gradual erosional process over two to three 
decades, probably in response to the combined effect of 
engineering projects along the river. Although various naviga­
tional improvements have been conducted on the Apalachicola 
River since the I 800s. the intensity of those activities 
greatly increased in the I 950s after Congress mandated that 
the USACE construct a dam and maintain a 9- by 100-ft 
(fool) navigation channel. After construction in 1954 of 
Jim Woodruff Dam at the head of the river ( fig. 2), mobile 
streambed sediment (sand) was trapped in the reservoir created 
by the dam (Lake Seminole) and deepening of the bed of the 
Apalachicola River downstream from the dam occurred as a 
result (Simons, Li. and Associates. 1985). Riverbed degrada­
tion, and its consequences in terms of decreased floodplain 
inundation, has been well documented downstream from dams 
in other rivers, including low-gradient. sand-bedded rivers 
similar to the Apalachicola River (Galay, 1983; Ligon and 
others, 1995 ). Bends in the Apalachicola River were straight­
ened by excavation of meander cutoffs and bend easings in 
1956 and 1969. and river-training dikes were constructed from 
1963 to 1970 (USACE, 1986). Dredging in the deepest part 
of the channel (thalweg), disposal of dredged material, and 
removal of woody debris over much of the length of the river 
were conducted annually from 1956 to 200 I ( US ACE. 200 I a). 
During the I 970s, however. dredged material disposal prac­
tices were changed and the amount of annual wood removal 
was decreased in order to reduce environmental impacts of the 
navigation project on the river ecosystem. 

Regarding the amount of water delivered from upstream. 
average annual discharge appears relatively unchanged. 
Minimum flows have decreased, however, and the seasonal 
distribution of fl ows has changed. At the streamflow gaging 
station on the Apalachicola River at Chattahoochee (fig. 2), 
very low discharges of 5.000 ft3/s (cubic feet per second) or 
less occurred in 5 of the last 23 years ( 1981-2004 ), but not 
at all in the previous 53 years (USGS. 2006a). Monthly flow 
duration analyses indicate that fall and winter di scharges have 
increased. and spring and summer discharges have decreased, 
based on a comparison of the earliest and latest 30 years in the 
period of record at this streamgage ( 1929-2004 ). Many natural 
changes and anthropogenic alterations have occurred in this 
large tri-state basin that could have contributed to changes in 
flow: however, hydrologic analysis lo determine the relative 
contribution of causal factors has not been conducted. 

Recovery of floodplain off-channel aquatic habitats 
alte red by water-level decline in the Apalachicola River has 
been a long-standing concern of various State and Federal 
agencies. The restoration of habitats within a complex hydro­
logic system such as the Apalachicola River. however, is not a 
simple process. Many difficulties have been encountered in the 
restoration efforts conducted so far. Understanding the causes 
and magnitude of the water-level declines and identifying the 
reaches that have been most affected can he lp guide future 
prevention and recovery measures. 

Purpose and Scope 

This report describes the water-level decline that occurred 
in the Apalachicola River from 1954 to 2004 as a result of 
long-term changes in stage-discharge relations. This investiga­
tion was conducted by the U.S. Geological Survey (USGS) in 
cooperation with the Florida Fish and Wildlife Conservation 
Commission (FFWCC) and other agencies as part of a study 
to describe and quantify impacts of water-level declines on 
floodpla in habitats of the Apalachicola River to help guide 
restoration efforts. The specific objectives of this report are to: 

( I) Document stage-discharge relations at stream n ow 
gaging stations prior to 1954 and during a recent 
period ( 1995-2004). This was done by relating stage 
data from five streamgages to discharge data from the 
upstream-most gage at Chattahoochee, Fla .. using a 
procedure involving streamflow lag times. 

(2) Estimate stage-discharge relations for the same time 
periods al closely spaced locations between the 
streamgages. This was done by using a combination of 
streamgage records and low-flow water-surface profile 

data. 

(3) Estimate the water-level decline at closely spaced loca­
tions along the river and to determine average water­
level decline by reach for selected discharges. 

(4) Determine the consequence of the water-level decline on 
duration of inundation of the floodplain. 

(5) Describe specific effects of the water-level decline on 
selected floodplain habitats and general e ffects on the 
overall floodplain. 

(6) Discuss related issues: (a) changes in water levels attrib­
utable to long-te rm changes in monthly di scharge. (b) 
recovery and restoration efforts, and (c) research needs. 

The study area includes the nontidal reach of the 
Apalachicola River from the Chattahoochee gage at rm (river 
mile) 105.7 to the Sumatra gage at rm 20.6 (fig. 2). Data anal­
ysis was conducted from July 2001 to December 2005. Data in 
this report came from ongoing data-collection programs within 
the USGS and USACE that were conducted independent of 
this study, with the exception of fie ld data collected at selected 
floodplain sites discussed in objec tive 5. 

Acknowledgments 

Appreciation is extended to Charles L. Mesing, 
Theodore S. Hoehn. James R. Estes, FFWCC: Gary L. 
Mahon, USGS. and F. Graham Lewis Ill. Northwest Florida 
Water Management District (NWFWMD) for technical 
and administrative guidance throughout the duration of 
the study. The fol lowing individua ls contributed to the 
hydrologic analyses: William G . Stubblefield, Jr., James E. 
Hathorne, Jr .. George S. Lloyd, USACE; James D. Goin. 
Jack W. Grubbs, Richard J. Verdi. USGS (Tallahassee): 



Angel Alvarez. ETI Professionals Inc.: Eleanor R. Griffin, 
Sara Lo Vetere. J. Dungan Smith. USGS. (Boulder): John C. 
Good. Suwannee River Water Management District: Keith 
R. Smith. volunteer. Joanne U. Brandt. USACE. provided 
historical information about navigation improvements made 
to the river. Information regarding effects of the water-level 
decline on floodplain habitats was received from Stephen J. 
Walsh, USGS; James D. Williams. retired USGS; Charles L. 
Mesing. Eric A. Long. and Theodore S. Hoehn. FFWCC; 
Jerry W. Ziewitz, U.S. Fish and Wildlife Service (USFWS); 
and James M. Barkuloo, retired US FWS. Assistance in 
describing natural and anthropogenic factors affecting !low 
in the Apalachicola-Chattahoochee-Flint (ACF) River Basin 
was received from Richard L. Marella. USGS; Mary M. Davis, 
The Nature Conservancy: Steven F. Leitman. Damayan Water 
Project; David W. Hicks, Joseph W. Jones Ecological Research 
Center: Sergio Fagherazzi and Paul H. Ruscher. Florida Stale 
University. Assistance with literature review was received 
from Grayal E. Farr. volunteer. 

Technical review comments were received from 
Larry R. Bohman, Stewart A. Tomlinson. USGS: and F. 
Graham Lewis Ill, NWFWMD. Assistance from the USGS 
publications staff was received from James A. Tomberlin and 
Ronald S. Spencer for graphics. and Twila D. Wilson for 
editorial review. Mary M. Tyler, volunteer, provided addi­
tional editorial review. 

Setting 

The Apalachicola River is the largest river in Florida. and 
the fourth largest river in the southeastern United States. in 
terms of mean annual discharge (lseri and Langbein. 1974). 
The ri ver is formed hy the confluence of the Chattahoochee and 
Flint Rivers. and the drainage basin of all three rivers covers 
19,600 mi2 (square miles) in Florida. Georgia, and Alabama. 
The Chattahoochee and Flint Rivers drain the upstream-most 
90 percent of the basin in Georgia and Alabama (fig. l). The 
Apalachicola River and its largest tributary. the Chipola River. 
lie in the downstream-most IO percent of the drainage basin. 
which is primarily in Florida. The Apalachicola River is in the 
Coastal Lowlands physiographic area (Puri and Vernon. 1964). 
which is generally low in elevation. 

The Apalachicola River is an alluvial. low-gradient, 
meandering river with an average water-surface gradient of 
0.00009 in the nontidal reach. The river surface falls about 
4 1 ft from the head at Jim Woodruff Dam to the Sumatra 
gage. The sinuosity of the non tidal river ( 1.44) is moderately 
high but not "torturous." and falls within the range typi-
cal of low-gradient meandering rivers (Knighton. 1984). 
The Apalachicola River is about 106 mi long: however. the 
downstream-most 20.6 mi is considered tidal and is not 
addressed in this report. In reality. there is no precise boundary 
between the tidal and nontidal reaches. but rather a transitional 
zone in which tidal influence is minimal at the upper end 
(occurring only at very low flows) and gradually increases 
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downstream. For practical purposes. the boundary between 
tidal and nontidal was established at the Sumatra gage (fig. 2): 
however, during low-flow conditions, tidal influence occurs 
at the Sumatra gage and probably also extends upstream to 
some undetermined point. Bed sediments throughout most of 
the river are sand. except in areas of low velocity on channel 
margins where finer sediments accumulate. and in high veloc­
ity areas of the upper reach where gravel, rock, or limestone 
bedrock can be found locally (USACE. 2001 a: Jerry W. Ziewitz. 
USFWS, oral commun., 2006). 

The Apalachicola River at Chattahoochee. Fla .. had an 
average discharge of 21.900 ft3/s and a median discharge 
of 15.900 ft3/s for the period of record ( 1929-2004). All 
discharge va lues in this report are from the slreamtlow 
gaging station at Chattahoochee. Flooding typically occurs in 
January through April. with low flows in September through 
November (Leitman and others. 1984 ). The highest recorded 
daily mean discharge was 29 1,000 ft3/s on March 20. 1929; 
the lowest was 3.900 ft3/s on November 15. 1987. A minimum 
flow of 5.000 ft3/s has been strictly maintained with reservoir 
releases by USACE since the summer of 2000. The climate 
of the Apalachicola River Basin is humid subtropical with a 
growing season of about 270 days. Average annual rainfall is 
56 in. (inches). with the highest monthly averages occurring in 
the summer and the lowest averages in the fa ll. 

The ACF River Basin has an unusually high diversity 
of flora and fauna. The Apalachirnla River is in one of the 
Nation's biodiversity hotspots, as recognized by The Nature 
Conservancy (Stein and others. 2000). More than 70 different 
species of trees grow in the Apalachirnla River floodplain, 
which is the largest forested floodplain in Florida ( 112,000 
acres of non tidal and tidal freshwater forests). The non tidal 
floodplain forest (82.200 acres) is predominantly palustrine 
wetlands according to the wetland classification system of 
the USFWS (Cowardin and others, 1979: Reed. 1988). The 
ACF Basin has the highest species density of amphibians and 
reptiles on the continent north of Mexico (Kiester. 1971). and 
the largest diversity of fi sh fauna among the Gulf Coast river 
drainages east of the Mississippi River (Dahlberg and Scott, 
197 1 ). Sixteen fish species have been listed for protection by 
Federal or State agencies (Couch and others. 1996). Of the 
western Florida river drainages. the ACF River Basin has the 
largest number of freshwater gastropod and bivalve species and 
the largest number of endemic mollusk species (Heard. 1977). 

Construction of Jim Woodruff Darn. which impounds 
Lake Seminole at the head of the Apalachicola River where 
the Chattahoochee and Flint Rivers join, began in 1950 and 
was completed in 1954. with fi lling of the reservoir accom­
plished from 1954 to 1957. Upstream from Jim Woodruff 
Dam are 15 other mainstem dams and reservoirs ( 13 on the 
Chattahoochee River and 2 on the Flint River) (USACE. 
1996). Buford Dam. which impounds the largest reservoir 
on the ACF system (Lake Sidney Lanier) is located on the 
upper Chattahoochee River upstream from Atlanta (fig. I). 
and was completed in the same year as Jim Woodruff Dam 
( 1954). Three other large Federa l dams, Wal ter F. George. 
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George W. Andrews, and West Point, were completed in 1963, 
1963, and 1974, respectively. Flow regulation is conducted 
at Federal dams for Congressionally authorized purposes 
of flood control, hydropower, navigation, fish and wildlife 
management, recreation, and water supply. Eleven other non­
Federal mainstem dams and reservoirs were built for power 
generation at various times beginning in 1834. Management of 
non-Federal reservoirs does not affect seasonal distribution of 
streamnow in the ACF river system. 

Methods 

The objective of this report, to quantify water-level decline 
caused by changes in stage-discharge relations, was accom­
plished by comparing pre-dam stage (prior to 1954) to recent 
stage ( 1995-2004) in relation to discharge. For this compari­
son. it was important for estimates of pre-dam stage to be 
calculated using the same types of data and the same analytical 
methods as were used to calculate estimates of recent stage. 
Two types of data were available from both the pre-dam and 
recent period: long-term streamflow gage data and low-flow 
water-surface profile data. Both types of data were combined in 
this analysis to estimate the magnitude and extent of water­
level decline at closely spaced locations along the river. 

Description of Basic Data 

Long-term streamflow gage records analyzed in this 
report are summarized in table I. Analyses of pre-dam and 
recent data throughout this report were based on data at 
five of the six streamflow gaging stations present along the 
nontidal Apalachicola River: Chattahoochee, Blountstown, 
Wewahitchka, RM 35, and Sumatra. Data from the RM 36 
gage were not used except for two daily mean values during 
the peak of the July 1994 flood that were adjusted for use 
at the RM 35 gage location. At all gages downstream from 
Chattahoochee, the only type of data used in this report was 
daily mean stage. At the Chattahoochee gage. dai ly mean 
stage. daily mean discharge, and instantaneous measurements 
of stage and discharge were used . 

The two water-surface profiles used in this report (fig. 4) 
were computed by USACE for time periods when the discharge 
was 9,300 ft3/s at the Chattahoochee gage. The water-surface 
profile used to represent recent conditions was a provisional , 
unpublished 1995 water-surface profile for 9,300 ft3/s at 
Chattahoochee. which was prepared using HECRAS Version 
3. 1.2 (USACE, Mobile District, unpublished data, 2005). The 
profile was computed from survey data collected between 
May 30, 1994, and January 6, 1995. and represents existing 
conditions before that season's dredging, as the intention of the 
surveyors was to stay ahead of the dredging for that year. 

Table 1. Streamflow gaging station records used for stage and discharge analyses of the Apalachicola River, Florida. 

[A break in the record is indicated only when periods of missing record are greater than I year. River miles represent approximate distance 
upstream from the mouth. USGS. U.S. Geological Survey: USACE. U.S. Army Corps of Engineers] 

Station name Abbreviated 
Agency location, in Type of record used in this 

operating the Period of record 
and number name river miles report 

gage 

Apalachicola River at Daily mean stage 

Chattahoochee Chattahoochee USGS )05.7 Oct. I. 1928- Sept. 30. 2004 1 Daily mean discharge 

02358000 Discharge measurements 

Apalachicola River 
near Blountstown Blountstown USACE 77.5 Oct. I , 1928- Sept. 30, 2004 Daily mean stage 

02358700 

Apalachicola River 
Oct. 18. l 955 - Sept. 5. )957 

near Wewahitchka Wewahitchka USACE 4 1.8 
Oct. I. 1965 - Sept. 30. 1982 Daily mean stage 
Oct. I, 1988- Sept. 30. 1996 

02358754 Sept. 4. 1998 - Sept. 30, 2004 

Apalach,cola River at 
River Mile 36 RM 36 USACE 36.0 Nov. 14, 1991 - Sept. 30, 1996 Daily mean stage 

023587547 

Apalachicola River at 
River Mile 35 RM 35 USACE 35.3 Sept. 4 , 1998 - Sept. 30. 2004 Daily mean stage 

023587549 

Apalachicola River May 11, 1950- Sept. 30 , 1959 
near Sumatra Sumatra USGS 20.6 Daily mean stage 

02359170 
Sept. l , l 977 - Sept. 30, 2004 

1 Chattahoochee stage data prior to December l 6, l 939, were collected at the River Junction gage. which was 0.9 miles downstream from 
its present location. For discharge data greater than 100,000 cubic feet per second collected at the River Junction site , daily mean stage and 
stages associated with discharge measurements were adjusted to the present gage location and used in analyses in this repon. 
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Figure 4. Water-surface profiles developed in 1956 and 1995 for the nontidal reach of the Apalachicola River, Florida, for a 
discharge of 9,300 ft3/s at Chattahoochee streamgage. The 1956 water-surface profile is from Plate 43A of Design Memorandum 
No. 1 IU.S. Army Corps of Engineers, 1955). Design Memorandum No. 1 is dated December 15, 1955 lwith transmittal to the Division 
Engineer December 23, 1955); however, Plate No. 43A is dated March 1956 with the notation: "This Plate is a supplement to Plate 
No. 43". Apparently computations for this water-surface profile were completed after the report was transmitted and were made an 
official supplement to the report after-the-fact. The 1995 water-surface profile is provisional IUSACE, Mobile District, unpublished 
data, 2005). 

The water-surface profile used to represent pre-dam 

conditions was developed in March 1956. The profile is enti­
tled "Computed W.S. Profile after dredging. Q=9300 c.f.s." on 
Plate No. 43A of Design Memorandum No. I (USACE. I 955). 

Original data files for the 1956 profile were not available. so 
points were manually digitized from the graph. Although the 
length of the river has changed since 1956. the profile included 
the locations of eight fixed landmarks (including gage sites). 
The profile was adjusted between those fixed landmarks to 
match river locations on the present-day profi le. 

Dredging was conducted annually. thus profiles called 

"before dredging'' or "after dredging"' were intended to repre­
sent conditions before or after actual or planned dredging for 
that season. As mentioned. the 1995 profile was intended to 
represent conditions prior to that season's dredging. The 1956 

profile. in contrast, was labeled "after dredging." A "before 
dredging" water-surface profile at 9,300 ft3/s for the earlier 
timeframe. if it had existed. would have been preferable for 
our analysis. Fortunately, however. the 1956 "after dredging" 

profile compares favorably with average pre-dam stage from 
long-term gage data. Details of this comparison are discussed 
in the section entitled " Interpolated Stage-Discharge Relations 
between Streamgages." 

Stage-Discharge Relations at Streamgages 

Stage decline caused by channel enlargement results in a 
lower waler level for the same amount of discharge. An appro­
priate method for measuring this type of water-level decline 
is to analyze changes in stage-discharge relations over time at 
streamflow gaging stations. Traditionally. this type of analysis 
is done by examining standard stage-discharge relations that 
relate stage at a particu Jar streamgage to discharge at the same 
gage. The traditional method was used in this report to measure 
the water-level decline at the Chattahoochee gage. At a flow 
of 10.000 ft3/s. the decline from pre-dam stage to recent 
stage at the Chattahoochee gage was 4.8 ft. (This decline was 
determined by comparing pre-dam and recent stage-discharge 
relations described in the section entitled '·Pre-dam. Recent. 
and Period-of-Record Stage-Discharge Relations.") 

The traditional method could not be used for measuring 
water-level decline downstream from Chattahoochee, because 
standard stage-discharge relations were not available for the 
pre-dam period at most of the downstream gages. Thus. a 
nonstandard approach was developed in which downstream 
stage was related to discharge at the upstream-most gage at 
Chattahoochee. This nonstandard approach allowed water-level 
declines to be estimated at all gage locations and at between­
gage sites by the same method. Also, the ability to compare 
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water-level declines at many different river miles to each other 
was greatly simplified by calculating stage at all sites in relation 
to discharge at a single upstream site (Chattahoochee). 

Water-level decline estimated by both the traditional and 
nontraditional methods was compared at one downstream 
location (Wewahitchka gage), and results were found to be 
similar. At a discharge of I 0,000 ft3/s, a water-level decline of 
1.6 ft was reported by the USACE using the traditional method 
(USACE, 2001 a): a similar decline of 1.5 ft was determined 
by the USGS in this report using the nonstandard approach. 

River stage at a streamgage is a direct result of the 
discharge at the gage and the channel conditions at or just 
downstream from that gage. Discharge at a gage also deter­
mines the stage at downstream sites, but the correlation is 
complicated by time-dependent factors. including the travel 
time of water. changing conditions of water stored on the 
noodplain, and tributary innows. Thus. relations of stage at 
five downstream gages to discharge at the Chattahoochee gage 
have increasing error with increasing distance downstream. 
Error analyses are provided for all stage-discharge relations 
presented in this report so the results can be used with an 
understanding of their inherent limitations. 

Error can be partially reduced by accounting for lag 
time. which is an expression of the time it takes for water 
passing C hattahoochee to reach a downstream location. Lag 
time, which can be measured in various ways. typically varies 
with discharge. The re lation of lag time to discharge in the 
Apalachicola River is complex, however. because the travel 
time of flow in off-channel sloughs and overbank now on the 
fl oodplain is different than in the main channel and can be 
variable depending upon antecedent conditions, rate of rise 
and fall of flood peaks. or other factors. For practical reasons. 
a single lag time that was approximately correct for all nows 
was derived for each gage downstream from Chattahoochee. 

Lag times were calculated in whole days because daily 
mean values were used in all analyses. The most suitable lag 
time was determined by the following steps: 

( 1) For each gage, a series of two or three graphs was created 
in which stage at the downstream gage was related 
to discharge at Chattahoochee. A different lag time 
was used for each graph. In the first graph of the 
Bloumstown series, for example, each Chattahoochee 
discharge value for a particular day was plotted in rela­
tion to the stage observed at the Blountstown gage on 
that same day (lag of 0 days). In the second graph. each 
Chattahoochee discharge value for a particular day was 
plotted in relation to the stage observed at the Blount­
stown gage on the next day (lag of I day). 

(2) Polynomial curves were fitted to each plot in the series. 
and the lag time associated with the curve having the 
lowest root mean squared error was determined to be 
the most suitable lag time for that gage. The resulting 
"best" lag times were 1 day for the Blountstown gage, 
2 days for both the Wewahitchka and RM 35 gages, 
and 3 days for the Sumatra gage. 

Selection of Pre-dam and Recent Periods 

Selection of pre-dam and recent time periods for 
analysis was based on an examination of the timing of 
water-level decline at four gages during low-flow conditions. 
Average annual stage at four gages for a narrow range of 
low discharges (9.500- 10,500 ft3/s) at Chattahoochee are 
shown in figure 5. Stages were averaged for each climate 
year (April I- March 3 1) to avoid splitting low-flow periods 
that typically occur in summer and fall. At the Chattahoochee 
gage. stage data prior to 1939 are not shown because they 
were collected at a different location 0.9 mi downstream from 
the present location (see footnote in table I). Chattahoochee 
stage data from 1929 to 1938 were affected by this minor 
location change because of the water-surface slope of the 
river. Chattahoochee discharge data during that time period. 
however, were unaffected by the movement of the gage, 
because tributary innow between the two locations was too 
small to have a measurable effect on river discharge. Thus, 
stage data at the Blountstown gage from 1929 to 1938 (for 
Chattahoochee discharges between 9.500 and 10.500 ft3/s) are 
included in figure 5, but Chattahoochee stages during that time 

period are not. 
Annual averages in figure 5 are color coded to indicate 

major drought years and major flood years. based on the 
drought and fl ood years listed in tables 2 and 3. Not all of 
the major nood years listed in table 3 appear in figure 5, 
because discharges between 9,500 and I 0,500 ft3/s. which are 
relatively low discharges. did not occur in the following major 
flood years: 1948. I 949. 1964, 1966, 1973, and I 975. 

The data shown in figure 5 indicate a tendency for annual 
averages to be lower during drought years and higher during 
nood years, particularly at the Blountstown and Wewahitchka 
gages. In most cases. the occurrence of lower stage in drought 
years and higher stage in Hood years was probably an arti-
fact of the method in which downstream stage is related to 
upstream discharge. In major flood years. wetter than normal 
antecedent conditions result in hig her than normal stages 
downstream for a given Chattahoochee discharge. because 
water coming out of floodp lain storage is added to main chan­
nel flow. For the same discharge at Chattahoochee in a drought 
period. the stage downstream may be lower than normal 
because of dry antecedent conditions with little or no waier 
contributed from floodplain storage. Even so, a difference in 
antecedent conditions did not account for the drop in average 
stage from 1980 to 1981. It is possible that changes in sand 
scour and deposition patterns during severe drought could 
temporarily lower the riverbed. This may have occurred when 
the major drought of 198 1 followed an unusually long period 
of higher than normal nows in the preceding two decades 
( 1960- 1980). Previous analyses identified 1958 to 1980 as a 
period when mean discharge was higher than normal region­
ally. not only in rivers of the ACF Basin. but also in several 
other southeastern rivers (Leitman and others. 1984 ). 
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Figure 5. Time series of stage during low-flow conditions in the Apalachicola River, Florida, showing time periods used to 
develop stage-discharge relations. Lag times, as defined in glossary, were used to relate stage at streamgages to discharge 
at Chattahoochee streamgage. Annual analysis was based on climate years (April 1- March 31). Stages at Chattahoochee 
streamgage from 1929 to 1938 are not shown, because they were collected at a different location (see text). Not all of the major 
flood years listed in table 3 are shown, because discharges between 9,500 and 10,500 tt3/s did not occur in some of those years. 
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Table 2. Lowest flow years in the period of record for the 
Apalachicola River at Chattahoochee, Florida. 

[Analysis is based on climate year of April I to March 31 to avoid 
splitting low-flow periods that typically occur in summer and fall. Groups 
of consecutive years are shaded] 

Y11r 

1931 

1950 

1954 

1955 

1956 

1968 

1981 

1986 

1987 

1988 

1993 

1999 

2000 

2001 

2002 

Lowest meen discharge, in cubic feet per second, •nd rank 
for consecutive period indicated 

1 day 

Discharge Rank 

5. 120 

5,010 

5,160 

4.980 

4,430 

3,900 

4.430 

5,150 

4,530 

5,250 

7 

6 

9 

5 

2 

3 

8 

4 

10 

(rank of 1 is the lowest) 

30days 
365 days 

(annual mean) 

Discharge Rank Discharge Rank 

5.440 

5,250 

5,450 

5.590 

5.260 

4,680 

5,700 

4,700 

5,890 

5,420 

6 

3 

7 

8 

4 

9 

2 

10 

5 

13.700 

11 ,400 

12,000 

13,400 

13.600 

11 ,400 

10,200 

12,900 

12,100 

15,100 

9 

2 

4 

7 

8 

3 

6 

5 

10 

Jim Woodruff Dam was completed and filling of Lake 
Seminole began in May 1954. Water-level decline at the 
Chanahoochee gage located 0.6 mi downstream from the 
dam began later that year. presumably as a result of riverbed 
degradation caused by the trapping of sediment in the lake. 
Consequently. data prior to May I. 1954. were selected 
to represent the pre-dam period at the Chattahoochee and 
Blountstown gages. Because Wewahitchka had no data prior 
lo 1954, the 2 years of stage data measured shortly afterwards 
( 1955- 1957) were used in this report as an estimate ofpre­
dam stage at Wewahitchka. 

The so-called "recent period" was selected as the decade 
from October l. 1994, to September 30. 2004. This period 
includes a mix of both flood and drought years, but excludes 
data from earlier periods when water levels were still 
changing (fig. 5). In the 1980s and early 1990s. stages at 
Chattahoochee continued to decline slightly. At Blountstown, 
water levels have not changed substantially since the I 970s. 
At Wewahitchka, data indicate that a partial recovery of 
the water-level decline may have occurred over the last two 

Table 3. Highest flow years in the period of record for the 
Apalachicola River at Chattahoochee, Florida. 

[Analysis is based on water year of October I to September 30 to avoid 
splitting high-flow periods that typically occur in winter and spring. Groups 
of consecutive years are shaded] 

Highest m11n discharge, in cubic f•et per s•cond, incl rank 
for consecutive period indicated 

Year 
1 day 

(ra .. of 1 is the highest) 

30days 
365 days 

(annual mean) 

Discharge Rank Discharge Rank Discharge Rank 

1929 291 ,000 

1936 144,000 

1943 142,000 

1944 141 ,000 

1946 

1948 

1949 

1960 154,000 

1964 

1965 

1966 162,000 

1973 

1975 

I 978 165.000 

1980 

1984 

8 

9 

10 

6 

1990 177 .000 4 

I 994 203.000 

1998 227 .000 2 

I 75,200 

86,300 

77,800 

75,000 

86.700 

95,000 

83.300 

79.600 

92.100 

97,000 

6 

9 

10 

5 

3 

7 

8 

4 

2 

35.700 

29.400 

33,500 

35,500 

34,600 

3 1,100 

33,300 

32,700 

29.400 

34,600 

10 

5 

2 

3 

8 

6 

7 

9 

4 

decades, although the amount of missing data in the 1980s 
at this site lends uncertainty to this assumption. Stable water 
levels al Blountstown and a recovery trend at Wewahitchka 
may have occurred because of changes that were made in 
the navigation project in the 1970s to reduce environmental 
impacts on the river ecosystem. 

At the Sumatra gage, pre-dam and recent data were not 
differentiated, because little difference was observed in average 
stages between the 1950s and the most recent decade this far 
downstream (fig. 5). Average stages from 1977 to 1993 were 
slightly lower than either the earlier or later period, but consid­
ering the error associated with the relation of stage at Sumatra 
to discharge measured 85 mi upstream. it seemed reasonable to 
conduct analyses of Sumatra data on the entire period of record. 
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Pre-da m, Recent, and Period-of-Record 
Stage-Discharge Relations 

increasing flow. Pre-dam and recent relations come together at 
a high discharge referred to in this report as the joining point, 
which varies among the gage sites principally by decreasing 
discharge in the downstream direction. The joining point 
represents the discharge above which physical changes that 
occurred in the main river channel have had no noticeable 
effect on river stage. Effects of channel change disappear 
when most of the flow is out of bank and moving over the 
noodplain. Stage-discharge re lations during overbank n ows 
can change in response to changes in floodplain elevation or 

Stage at multiple gages was re lated to discharge at 
Chattahoochee in 14 separate stage-discharge relations 
developed for the specific time periods and discharge ranges 
listed in table 4 . The relations are shown in a single graph in 
figure 6, and are enlarged and shown individually in 22 graphs 
in appendixes I through V. The di fference between pre-dam 
and recent stage is greatest at low nows and decreases with 

Table 4. Time periods, range of discharges, and other information about stage-discharge relat ions developed from long-term streamgage data 
for analysis of water-level decline in the Apalachicola River, Florida. 

[Stage-discharge relations developed for this report relate stage at all gages to discharge at Chattahoochee gage using lag time as indicated below and as defined 
in glossary. Relations were developed only for the specific time period and range of discharges indicated. Breaks in the time period are indicated only when 
periods of missing record are greater than I year. Pre-dam and recent ratings merge at a relatively high flow. referred to in this report as the ••joining point:· 
which is further described in the text. n. number of values used in relation. ft'/s. cubic feet per second] 

River mile 
location 

Name of 

Daily mean values used 
(or other data as indicated) Range of discharges for 

which relation was 
Joining Lag 

point flow, time, stage-discharge relation 
developed, in 113/s in in 113/s in days 

Time period n 

Chattahoochee pre-dam Dec. 1939 - April I 954 5.269 5,000 - I 88.000 

105.7 Chattahoochee recent Oct. I 994 - Sept. 2004 3.579 5.000 - 188.000 
188.000 0 

Chattahoochee period of record 
Oct. 1928 1 - Sept. 2004 17 188.000 - 291.000 (for flows greater than 188,000 ft 'Is) 

Blountstown pre-dam Oct. 1928 - April 1954 9,3 13 5 ,000 - 135,000 

77.5 
Blountstown recent Oct. I 994 - Sept. 2004 3,598 5 ,000 - I 35,000 

135,000 
Blountstov.n pen od of record 

Oct. 1928 - Sept. 2004 55 135,000 - 29 l ,000 (for flows greater than 35,000 ft'/s) 

Wewahitchka pre-dam Oct. 1955 - Sept. I 957 677 5.000 - 65.000 

41.8 

Wewahitchka recent Oct. I 994 - Sept. I 996: 2.517 5.000 - 65,000 
Sept. 1998 - Sept. 2004 

Oct. 1955 - Sept. 1957: 65,000 - 203,000 
65.000 2 

Wewahitchka period of record Oct. I 965 - Sept. 1982: 364 (for nows greater than 65,000 ft)/s Oct. 1988 - Sept. 1996: 
Sept. I 998 - Sept. 2004 

Three values from 1951, 1954, and 1956 
RM 35 esumated pre-dam water-surface profiles (USACE. U.S. Army 5,000 - 52,000 

Corps of Engineers, I 955) 
35.3 

RM 35 recent Sept. 1998 - Sept 2004 5,000- 100.000 2 52.000 2 
2,096 

RM 35 estimated high flow Two daily mean values during peak of July 
100,000 - 203,000 1994 flood, adjusted from RM 36 gage 

20.6 

Sumatra period of record May 1950 - Sept. 1959: 
12.635 5 .(>00 - I 00.000 (for fl ows less than I 00.000 ft)/s)' Sept. 1977 - Sept. 2004 

25.0004 3 
Sumatra period of record May I 950 - Sept. I 959: 

39 I 00.000 - 227 .000 (for flows greater than I 00,000 ft)/sJ) Sept. I 977 - Sept. 2004 

1 Stage data collected prior to December 1939 at the River Junction gage site (about 0.9 mile downstream from the present Chattahoochee gage location) 
were adjusted using methods described in the te~t. so that data from the record flood of 1929 could be used in deve lopment of this relation. 

2 The entire RM 35 recent relation was based on recent data: however. because of a lack of data in other time periods, the pan of this relation above the 
joining point of 52.000 ft)/s was used in analyses to represent the period-of-record relation (which assumes no difference between pre-dam and recent stage 
above 52.000 ft-'/s). 

'The period-of-record relation at Sumatra was divided into an upper and lower relation because of the difference in sample sizes (n). Error statistics vary 
widely between the two discharge ranges. 

4 Although no differentiation was made at the Sumatra gage between pre-darn and recent stage. an estimated joining point was needed fo r calculating 
interpolated relations between the RM 35 and Sumatra gages. 
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Figure 6. Stage at five streamgages on the Apalachicola River in relation to discharge at Chattahoochee, Florida, with known 
and estimated joining points for pre-dam and recent relations. Relations at streamgages downstream from Chattahoochee were 
developed using lag times as defined in glossary. An estimated joining point was needed for Sumatra, even though there is only 
one curve at that site, so that interpolated pre-dam and recent relations could be developed between RM 35 and Sumatra. 

hydraulic roughness (changes in land use, forest maturity, 
or installation or removal of road way embankments). These 
factors. however, have not changed enough along this ri ver in 
50 years ( 19 54-2004) to cause a noticeable change in stage at 
high flow. 

Stage-discharge re lations at Chattahoochee, Blountstown. 
and Wewahitchka had joining points determined from actual 
data that were 188,000, 135,000, and 65,000 ft3/s. respectively. 
A best-fit straight line was drawn through these three known 
points on figure 6 and projected "downward" to estimated 
joining points at RM 35 and Sumatra. namely where the 
best-fit line intersected the stage-discharge relation for those 
two downstream sites. The joining point at RM 35 gage 

(52,000 ft3/s) was used to estimate the RM 35 pre-dam rela­
tion. which is described later in thi s section. Although Sumatra 
had only one re lation (for the whole period of record). the 
joining point at the Sumatra gage (25.000 ft3/s) was needed 
for calculating interpolated pre-dam and recent re lations 
between the RM 35 and Sumatra gages, which are discussed 
in the section entitled " Interpolated Stage-Discharge Relations 
between Streamgages." 

Several factors probably contribute to the magnitude of 
the joining point flow at any particular location, including the 
amount of channel enlargement. the e levation of the flood­
p lain. and the ratio of main channel width to floodplain width. 
Actual and estimated stages at joining points in re lation to 
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Figure 7. Stage of joining points in relation to riverbank elevation and water surface at low flow in the Apalachicola River, Florida. 
Procedures for determining joining points (the points at which pre-dam and recent stage-discharge relations merge) are described in 
the text, and these points are graphically illustrated on figure 6. Riverbank elevations are the top-of-bank elevations on the lowest side 
of surveyed cross sections (U.S. Army Corps of Engineers, 2001a). The 1995 low-flow water-surface profile was developed for 9,300 
tt3/s at Chattahoochee and is provisional (USACE, Mobile District, unpublished data, 2005). 

riverbank heights from 53 main-channel cross-section surveys 
are shown in figure 7 (USACE. 200 I a). Bank heights in any 
given cross section are typically higher on one side of the river 

than the other. The bank heights used in figure 7 are the bank 
elevations of the low side in each cross section. 

Figure 7 shows that the joining point stage is IO ft above 
bank level in the upper reach and gradually decreases down­
stream unti l the joining point stage is essentially the same 
as bank level in the nontida l lower reach. This progressive 
lowering of the relative elevation o f the joining point s tage is 

probably due to the following reasons. The width of 1he main 
channel at Chattahoochee is about IO percent of the width 
of the floodplain, whereas the width of the main channel in 

the non tidal lower reach is only about I percent of the width 
of the floodplain (fig. 2). In addition. in the lower reaches of 
the river, a substantial amount of river water leaves the main 
channel and is carried by large side-channe l streams even 
during low-flow conditions. Lastly, the amount of channel 
enlargement that has occurred is greater at Chauahoochee than 
in the nontidal lower reach. as ev idenced by the difference 
between pre-dam and recent stage-discharge relations at low 
flow (fig. 6). Because of these differences. the main channe l 
in the upper reach conveys a relatively large proportion of the 
discharge during ove rbank fl ows and. therefore. water-level 
dec line caused by channel change in the upper reach is still 
evident when water levels rise well above bank he ight. 
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The 22 graphs in appendixes I through V are arranged in 
pairs with two different scales on the horizontal (discharge) 
axis. The first graph in each pair has a horizontal axis showing 
the full range o f discharge (from Oto either 220.000, 240.000, 
or 300,000 ft3/s, depending upon data avai lable for that gage). 
The second graph in each pair has a horizontal axis showing 
discharges up to 60.000 ft3/s only. Two pairs of graphs (A- 8 
and C-D) are provided for every gage with an additional 
third pair of graphs for the Chattahoochee gage (E-F). 
Graphs A and B show the re lations with averages of daily 
mean values in selected discharge increments. Increment sizes 
were 1,000 ft3/s for discharges up to about 30,000 ft3/s and 
increased with increasing discharges greater than 30.000 ft3/s. 
Increment sizes at the highest discharges were optimized to 
accommodate small sample sizes. Graphs C and D show the 
relations with daily mean values. 

Graphs E and Fin appendix I (Chattahoochee) show the 
re lations developed for this report with individual discharge 
measurements and with the two USGS ratings used in the 
recent period for computing published discharges. At gaging 
stations, discharge measurements are routinely conducted 
at various times during the year to directly determine the 
volumetric rate of flow (discharge) of the river. Discharge 
measurements are the basic data from which standard stage­
discharge ratings are created. Graphs E and F arc included as a 
check to show how relations developed for this report compare 
with the original data that were used to estimate daily mean 
discharge values at Chattahoochee. 

All of the stage-discharge re lations (except the pre-dam 
relation for RM 35) were made by fitting a hand-drawn 
line through the averages of daily mean values in selected 
discharge increments (shown in graphs A and B in apps. 1- Y) . 
The points defining the hand-drawn line were manually 
digitized, then entered into a curve-titting software program to 
generate a formula for the line (app. YI) and error statistics on 
the fit of the line to the daily mean values (table 5). The aver­
age ranges of 95-percent confidence limits for stage-discharge 
relations are 0.04 ft at I 0,000 ft3/s, 0. IO ft at 50.000 ft3/s. 
and 0.44 ft at various high llows ranging from I 00,000 to 
250.000 ft3/s (table 5). 

Three stage-discharge relations (Chauahoochee pre-dam 
relation, Chattahoochee period of record re lation for high 
flows, and RM 35 estimated relation for high flows) included 
some daily mean values that were collected at nearby sites less 
than a mile away. 

(I) The Chattahoochee pre-dam relation was based primarily 
on stage and discharge data from December 16, 1939. 
to April 30. 1954, when the Chattahoochee gage was 
located at the US 90 highway bridge (its present loca­
tion). From October I, 1928, to December 15. 1939. 
the gage was located a t the railroad bridge at River 

Junction. about 0.9 mi downstream from its present 
location. River Junction daily mean values greater than 
I 00,000 ft3/s were adjusted to account for the drop in 
stage from the US 90 bridge to the railroad bridge and 
were added to the 1939-1954 data to improve the pre­
dam relation at higher flows. This correction, which 
increased with discharge and ranged from 0.89 ft at 
I 00.000 ft3/s to 1.09 ft at 291,000 ft3/s, was determined 
from a co mparison of stages at River Junction and the 
present gage for similar di scharges, and from water­
surface slope calculations between the Chattahoochee 
and Blountstown gages. 

(2) Adjusted River Junction daily mean values were also 
added to the data used to create the period o f record 
relatio n for high flows greater than 188,000 ft3/s at 
Chattahoochee. Two discharge measurements made 
prior to 1939 were adjusted to the present gage location 
and are included in graph E of appendix I. 

(3) The RM 35 estimated relation for high flows was based 
on two daily values that were adjusted from measured 
values at the RM 36 gage. which was located 0.7 mi 
upstream from the RM 35 gage. These two values 
occurred during the peak of the July 1994 flood . 

Methods for estimating the RM 35 pre-dam relation are 
illustrated in figure 8. The first step involved the development 
of a pre-dam straight-line distance interpolation re lation which 
was estimated by the fo llowing calculation. The river-mile 
distance from the Wewahitchka gage to the RM 35 gage was 
divided by the total river-mile distance from the Wewahitchka 
gage to the S umatra gage. The resu lting proportion was then 
multiplied hy the difference between the Wewahitchka stage 
and the Sumatra stage for each discharge increment. and 
subtracted from the Wewahitchka pre-dam stage to yield the 
straight-line distance interpolation stage for RM 35 for that 
discharge. 

The RM 35 pre-dam straight-line distance interpolation 
re lation, although helpful as a guide, could not he used "as 
is" because it did not account for the fact that the slope from 
Wewahitchka to RM 35 is steeper than any other reach of the 
river. The RM 35 pre-dam relation was estimated at the low 
end using actual data consisting of three stage values from 
water-surface profiles developed for Chattahoochee discharges 
of 5,860 ft3/s (October 1954 ). 7,340 ft3/s (August 195 1 ). and 
9,300 ft3/s (March 1956) (USACE. 1955). At the high end , 
the re lation was drawn through the estimated joining point 
of 52,000 ft3/s from figure 6. The remainder of the RM 35 
pre-dam relation be tween 9,300 and 52,000 ft3/s was visually 
estimated using the RM 35 recent re lation as a lower guide and 
a RM 35 pre-dam straight-line distance interpolation re lation 
as an upper guide. 
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Table 5. Error statistics for stage-disc harge relations developed from long-term streamgage data on the Apalachicola 
River, Florida. 

[Stage-discharge relations developed for this repon relate stage at all gages to discharge at Chanahoochee gage using lag times as defined in 
glossary. Relations were developed only for the specific range of discharges indicated. Error statistics could not be generated for the RM 35 
estimated pre-dam and RM 35 estimated high flow relation, because they were visually estimated from limited data. n, number of daily 
mean values used to create relation: ft, feet: ft ·'/s, cubic feet per second] 

Fit of relation to 
Range of 95-percent 
confidence limits at 

Range of discharges daily mean values 
selected discharger 

Name of siege-discharge relation for indicated n 
relation, in ftl/1 Root mean 

Renge 
Discharge, RZ 

square error 1 F statistic (+/-). 11 
in tt3/s 

in It 

0.01 at 10.000 
Chattahoochee pre-dam 5,000 - I 88.000 5.269 0.998 0.2 1 568.933 

0.02 at 50,000 

0.02 al 10,000 
Chattahoochee recent 5.000 - 188.000 3.579 0.997 0.33 173.715 

om at 50.000 

Chattahoochee period o f record 0.18 at 200.000 
188.000 - 291 .000 17 0.984 0.26 440 (for flows greater than 188.000 fr'/s) 0.23 at 250,000 

o.oi at 10,000 
Blountstown pre-dam 5,000 - 135,000 9 ,3 13 0.993 0.40 247,816 

0.03 at 50,000 

0.04 at 10,000 
Blountstown recent 5,000 - 135.000 3 ,598 0.980 0 .74 30,049 

0.10 at 50,000 

Blountstown period of record 0.2 1 at 200,000 

(for flows greater than 135,000 ft1/s) 
135,000 - 291 ,000 55 0.940 0.39 194 

0.38 at 250,000 

0.1 1 at 10.000 
Wewahitchka pre-dam 5.000 - 65.000 677 0.949 0.68 2.491 

0.29 at 50,000 

0.04 at 10.000 
Wewahitchka recent 5.000- 65.000 2 ,517 0.967 0.64 12.354 

0.12 at 50,000 

Wewahitchka period of record 0.12 at 100.000 

(for flows greater than 65.000 fl)/s 65.000 - 203.000 364 0.809 0.40 251 
0.22 at 150,000 

0.05 at 10,000 
RM 35 recent 5,000- 100,000 2,096 0.968 069 10.524 

0.16 at 50 ,000 

Sumatra period of record o.oz at 10.000 
5.000 - I 00.000 12.635 0.922 0.49 2 I .349 (for !lows less than I 00.000 ft )/s) om at 50,000 

Sumatra period of record 0.97 at 150.000 

(for flows greater than 100.000 fr'/s) 
100,000 - 227.000 39 0.511 1.46 9 

1.21 at 200.000 

0.04 al 10,000 

0 .1 at 50,000 

Averages at selected discharges 
0.44 at various 

discharges 
from 

100,000-
250,000 

1 Also known as fi t standard error. 
2 Because confidence limits vary with discharge. two values were selected for each relation to indicate the typical range. 
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Figure 8. Data used to estimate pre-dam stage at the RM 35 streamgage in relation to discharge in the Apalachicola River at 
Chattahoochee, Florida. The RM 35 pre-dam stage-discharge relation was drawn through three pre-dam stage values from 
water-surface profiles, then visually estimated to join the recent relation at the estimated joining point, using the recent relation 
as a lower guide and the pre-dam straight-line distance interpolation relation (calculated from pre-dam Wewahitchka and 
Sumatra relations) as an upper guide. The estimated pre-dam relation does not coincide with the pre-dam straight-line distance 
interpolation relation for reasons discussed in text. Relations were developed using lag times as defined in glossary. 

Interpolated Stage-Discharge Relations 
between Streamgages 

Two types of data were combined to produce interpolated 
stage-discharge relations between the gages. Stage-discharge 
relations at gages provide detailed information about stages 
that might be expected at all discharges ranging from lowest 
to highest, but only near gage locations. Water-surface profiles 
provide detailed information about stages at all locations. but 
only for a single discharge (9,300 ft3/s). 

Water-surface profile data and long-term gage data 
compare favorably at the gage locations (fig. 9). Differences 
between the two types of data at the gage locations are listed 
in table 6. The average difference is 0. 19 ft after adjusting 
for an explainable error at Chattahoochee that applies only 
to a limited distance in the vicinity of that site. The error at 
Chattahoochee occurred because the pre-dam water-surface 
profile was developed in 1956 after more than one-half foot 
of decline had already occurred at the gage from riverbed 
degradation resulting from the trapping of sediment in Lake 
Seminole. Adjustments for this local error. shown in parenthe­
ses in table 6. were calculated using the following steps: 

( I) An adjusted value for pre-dam long-term gage data at the 
Chattahoochee gage (45.84 ft) was calculated by aver­
aging all stages that occurred at discharges between 
8,800 and 9,800 ft3/s (9,300 ±500 ft3/s) from 1954 to 
1956. 

(2) A difference of 0.08 ft for Chattahoochee pre-dam 
data was determined from the difference between 
the adjusted value for pre-dam long-term gage data 
(45.84 ft) and the 1956 water-surface profile data 
(45.92 ft). 

(3) The average of all differences (0.19 ft) was calculated 
using 0.08 ft for the pre-dam Chattahoochee difference 
(instead of 0 . 57 ft). 

Water-surface profiles are compared to straight-line inter­
polations of stage between all gages except RM 35 in figure 9. 
Over most of the river's length, the results of the two methods 
compare favorably. In the nontidal lower reach. however, 
straight-line interpolation without the benefit of RM 35 data 
results in large errors in both the actual stage and the magni­
tude of the water-level decline. The problem is that the two 
largest changes in water-surface slope in the entire 85 mi of 
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Figure 9. Comparison of water-surface profiles and stage values from long-term streamgage data for the nontidal reach of 
the Apalachicola River, Florida. All profile and stage data represent water levels at a Chattahoochee flow of 9,300 tt3/s using 
approximate lag times defined in glossary. Water-surface profiles were computed by U.S. Army Corps of Engineers (see fig. 4). 
Pre-dam and recent stages from long-term streamgage data are from stage-discharge relations developed for th is report. 

Table 6. Comparison of stage in water-surface profiles to stage at long-term streamgages on the 
Apalachicola River, Florida. 

[Stage from long-term gage data were determined using stage-d ischarge relations developed in this report, except 
for the values in parentheses, which reflect an adjustment for a local error at Chattahoochee (see discussion in 
text). Although this local error could not be corrected in the interpolated relations between gages develo ped for this 
report, average difference based on the adjusted value in parentheses better represents river-wide error in the water­
surface profile data. ti'/s, cubic feet per second;+/., plus or minus; USA CE, U.S. Army Corps of Engineers] 

Stage et indicated 11111, in feet, for discharge of 
9,300 tt3/s at Chattahoochee gage1 

Difference(+/·), Gage nme period 
in feet From long-term From water-surface 

gage data proliles2 

Pre-dam 46.49 (45.84)' 45.92 0.57 (0.08) 1 

Chattahoochee 
Recent 41.72 41 .33 0.39 

Pre-dam 
Blountstown 

32.38 32.40 O.D2 

Recent 30.57 30.72 0 .15 

Pre-dam 
Wewahitchka 

16.00 16.00 0.00 

Recent 14.54 14.27 0.27 

RM 35 Recent 7.84 7.89 0.05 

Pre-darn 
Sumatra 3.544 

3.85 0 .3 1 

Recent 3.97 0.43 

Average 0.24 (O. IW 

1 Stage at gages downstream from Chattahoochee were detem1ined using lag times as defined in glossary. 
2 Pre-dam profile is from Plate No. 43A of Design Memorandum No. I (USACE. 1955). Recent profile is 

provisional. unpublished data (USAC E, written commun., 2005). 
3 Values in parentheses were adjusted for a local error at Chattahoochee based o n methods described in text. 
4 Pre-dam and recent periods were not distinguished at Sumatra because they were similar. This value is based on 

the period of record at this gage. 

15 
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the nontidal river occur at the Wewahitchka and RM 35 gages. 
From Wewahitchka to RM 35 is a 6.5-mi reach with the steep­
est slope in the entire nontidal river. and downstream from RM 
35 is a I 4.7-mi reach with the lowest slope. For this reason. all 
available data were used to estimate a pre-dam stage-discharge 
re lation at RM 35 (fig. 8). Admittedly, this estimated re lation 
has considerable uncertainty associated with it: however, 
figure 9 demonstrates why the use of an estimated pre-dam 
RM 35 stage-discharge relation, along with its companion for 
the recent period. is a better method for interpolating stage­
discharge relations between Wewahitchka and Sumatra than a 
me thod that excludes the RM 35 data. 

Interpolated stage-discharge relations for estimating stage 
at all locations between gages (at every 0.1 rm) in re lation to 
discharge at Chattahoochee were developed using a series of 
interpolation formulas that varied among three fl ow ranges 
(low. intermediate, and high). In the low-flow range (9,300 ft3/s 
and less), the interpolation formulas use slope calculations 
based on stage data in water-surface profiles (app. VII.A). 
In the high-flow range (joining-point flow and greater). the 
formulas use slope calculations based on straight- line river­
mile-distance interpolations between gages (app. VII.8). 
In the intermediate-flow range (between 9.300 ft3/s and the 
joining-point flow), the formulas generate a mathematically 

a, 
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a, 

70 
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smoothed curve beginning at the water-surface profile stage 
for 9.300 ft3/s and ending at the straight-line river-mile­
distance interpolated stage (averaged from both pre-dam and 
recent re lations) at the joining-point fl ow (app. VII.C). 

Selected examples of interpolated re lations in each 
reach shown in figure IO help explain how the formulas 
in appendix VII operate. Known stage for 9.300 ft3/s from 
water-surface profiles are identified in each interpolated rating 
to show the data upon which the low end of the relation was 
based (fig. 10). One of the examples in figure 108. head of 
Sand Slough at rm 65.2, was chosen to show pre-dam and 
recent stage at a locatio n where little water-level decline 
occurred, based on the water-surface profiles in figure 9. 
Three of the examples, mouth of Flat Creek (fig. JOA), mouth 
of stream to Porter Lake (fig. 108), and head of Moccasin 
Slough (fig. IOC), are discussed further in the "Results and 
Discussion" section. Although this report does not specifically 
address water-level dec line in the lower Chipola River, two 
of the relations shown in figure I 0C can be used to determine 
decline a t the uppe r and lower end of that river: ( I ) at the 
Wewahitchka gage, located c lose to the head of the Chipola 
River Cutoff. which Feeds the upper end of the lower Chi pol a 
River; and (2) at the mouth of the lower Chipo la River at rm 
27.9. 
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Figure 10. Interpolated stage at selected sites between streamgages in relation to discharge in the Apalachicola River 
at Chattahoochee, Florida, in (A} upper reach, (B} middle reach, and (C) nontidal lower reach. Relations at streamgages 
downstream from Chattahoochee were developed using lag times as defined in glossary. Range of stage and discharge shown 
on axes varies among the three graphs to focus on flows below joining points in each reach. 
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Figure 10. (Continued) Interpolated stage at selected sites between streamgages in relation to discharge in the Apalachicola 
River at Chattahoochee, Florida, in (A) upper reach, (B) middle reach, and lCI nontidal lower reach. Relations at streamgages 
downstream from Chattahoochee were developed using lag times as defined in glossary. Range of stage and discharge shown 
on axes varies among the three graphs to focus on flows below joining points in each reach. 
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Errors associated with the interpolation methods cannot 
be quantified, but an additional analysis of the methods used 
to interpolate between-gage relations shows hypothetical 
worst-case error in a comparison of test cases (fig. 11 ). In 
this figure, stage-discharge relations at three gages based on 
actual data from long-term records are compared to hypotheti­
cal cases in which the gage data were ignored and the relation 
was developed by the interpolation methods used in this report. 
At the Blountstown gage site, for example, interpolated 
stage-discharge relations were developed from data a t the 
Chattahoochee and Wewahitchka gages. ignoring the existing 
data from the Blountstown gage. Similarly, interpolated stage­
discharge re lations were developed at the Wewahitchka site 
using Blountstown and Sumatra gage data. and at the RM 35 
site using Wewahitchka and Sumatra gage data. 

The departures shown in the hypothetical worst-case 
tests in figure I I are greater than would be expected for the 
between-gage interpolated re lations for three reasons: 

( I) In two test cases, Blountstown and Wewahitchka, it was 
assumed that gage data did not exist and interpolations 
were conducted over long distances, 63.9 and 56.9 rm 
respective ly. The actual distances over which interpo la­
tions were made are considerably shorte r (28.2, 35 .7, 
6.5. and 14.7 rm). 

(2) In two test cases. Wewahitchka and RM 35, informa­
tion about the nearby (and large) slope changes on the 
river are ignored, whereas actual calculations include 
information that accounts for these slope changes. 

(3) Error resulting from the interpolation method approaches 
zero near the gages. so the departures of the type 
shown on figure I I would not apply to the re lations for 
sites close to gages. 

Stage-discharge rela tions defined by a set of paired 
discharge and stage values are listed in digital table files for 
each gage site and for each site spaced every 0. 1 rm between 
the gages. These digital files are on the compact di sk (CD) 
in the map pocket of this report and a description of their 
contents is provided in appendix VIII. The files on the CD 
contain a tota l of 1,704 re lations (5 pre-dam and 5 recent rela­
tions at gages, plus 847 interpolated pre-dam and 847 interpo­
lated recent re lations between gages). Each relation is defined 
by about 500 points at the discharge increments shown in the 
annotated example in appendix VIII.A. Appendixes Vlll.B 
and C describe the organization of files in EXCEL format and 
flat file format, respectively. 

Developing a list of points that define each relation was 
determined to be the most practical way to generate and present 
large numbers of stage-discharge relations that are provided on 
the CD. Future users of these data can easily convert selected 
point lists to equations for stage-discharge relations using any 
curve-fitting software (similar to those listed in app. IV), and can 
then use those equations to estimate water-level decline at specific 
locations in the nontidal river for any discharge. The methods 
presented in this report, and the interpolated (between-gage) stage­
discharge relations provided on the CD, were developed primarily 

for the purpose of making reasonable estimates of the amount 
of water-level decline that occurred between the pre-dam period 
and the recent period. The interpolated relations may be useful 
for other purposes. but the methods and inherent assumptions 
used to develop the re lations should be evaluated before these 
relations are used for other applications. 

Water-Level Decline and Floodplain Effects 

The magnitude of water-level decline at a particular 
location is the difference be tween the pre-dam and recent 
stage-discharge relations at that site. An example of this differ­
ence using pre-dam and recent re lations at the Chattahoochee 
gage is shown in figure 12. For a given discharge. the recent 
stage minus the pre-dam stage yie lds the change in water 
level at that discharge. At the Chattahoochee gage. the decline 
is greatest at low discharges and systematically decreases 
with increasing discharge. This same trend. with a few minor 
exceptions. occurs at the other gages as well. At all locations. 
the amount of the decline decreases to zero at the joining 
point where pre-dam and recent re lations merge (not shown 
in fig. 12). Water-level decl ines attributable to channel change 
were calculated at closely spaced locations levery 0. 1 rm) for 
14 selected discharges to show variation at different locations 
under different flow conditions. 

Approximate Decrease in Duration of Inundation 
Caused by Channel Change 

Impacts of water-level decl ine on biological habitats and 
communities in the floodplain cannot be adequately deter­
mined from direct measurements of water-level decline alone. 
Statistics derived from streamflow records, such as changes 
in the duration or frequency of inundation. are necessary for 
describing changes in long-term hydrologic conditions on the 
floodplain. The fo llowing methods were used to calculate the 
approximate decrease in duration of inundation attributable to 
channel change. which is used in several analyses in this report. 

The first step in de termining the decrease in duration 
of inundation is to calculate what is in formally referred to 
as '"equivalent-stage discharge." In the example in figure 13. 
the selected discharge of 15.000 ft3/s at the Chattahoochee 
gage had a pre-dam stage o f 49.22 ft, and 25.700 ft3/s is the 
' ·equivalent-stage discharge" in the recent period with tha t 
same water-surface e levation. Anorher way of descri bing this 
concept is that an additional I 0.700 ft3/s would be required 
in the recent period to replicate the stage associated with 
15.000 ft3/s during the pre-dam period. 

The nex t step is to determine the percent exceedance 
for both the initial selected discharge and its corresponding 
equivalent-stage discharge. '·Percent exceedance" is the term 
commonly used to describe the percentage of time that a 
specified streamflow discharge is equaled or exceeded during 
a given time period. Percent exceedance is used to determine 
"percent duration of inundation," which is the percentage of 
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Figure 11. Stage-discharge relations based on long-term records at streamgages on the Apalachicola River, Florida, compared to 
hypothetical test cases in which stream gage data were ignored and relations were developed by interpolation methods used in 
this report. The departures shown in these hypothetical worst-case tests are greater than would be expected for the between· 
gage interpolated relations developed in this report (see discussion in text). Relations were developed using lag times as defined 
in glossary. 
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Figure 12. Water-level decline resulting from difference between pre-dam and recent stage-discharge relations at the 
Chattahoochee streamgage on the Apalachicola River, Florida, for selected discharges. The magnitude of the decline is 
greatest at low discharges and systematically decreases at higher discharges. 

time that a particular location is inundated by water and is the 
preferred term for describing hydrologic conditions on a flood­
plain. Percent duration of inundation and percent exceedance 
can be treated as numerically equal with certain caveats: 

( I) The area of inundated floodplain is greatest when river 
levels are high and decreases with decreasing stage. 
but there are a few low areas of the floodplain that 
remain inundated by river water even at minimum flow. 
such as the beds of permanently connected floodplain 
streams or very low swamp forests. (Details on the 
amount of floodplain area that is inundated at various 
discharges can be found in Light and others, 1998.) 
All percent exceedance values. even those for very low 
discharges, can be used to define the percent duration 
of inundation of some areas of the floodplain, but they 
may not necessarily apply to the entire floodplain. 

(2) Low topographic features of the floodplain with a bowl­
like shape. such as swamp depressions. may retain 
water long after flood waters recede or may refill after 
heavy rains. Such areas would experience longer peri­
ods of inundation than those assumed from river stages. 
Swamps receiving water from seepage off nearby bluffs 
or local upland drainage areas can also have water 
perched above the e levation of the river surface during 
low water. In these areas. the actual percent duration of 
inundation is different than percent exceedance calcu­
lated from streamflow data. The reader is cautioned 
that percent duration of inundation values in this report 
are based solely on river stage, without any adjustments 
to account for site-specific variations in floodplain 
topography or other sources of water supplied to the 
floodplain independent of river flow. 
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Figure 13. Example of determination of the "equivalent-stage discharge" in the recent period that is required to replicate a 
pre-darn stage using data for the Chattahoochee strearngage on the Apalachicola River, Florida. Calculation of "equivalent­
stage discharge" is a necessary step in estimating changes in long-term flow statistics, such as duration of inundation, that 
have resulted from changes in stage-discharge relations from 1954 to 2004. In this example, 15,000 tt3/s at Chattahoochee had a 
pre-darn stage of 49.22 feet, and 25,700 ft3/s is the "equivalent-stage discharge" in the recent period that has that same water­
surfa ce elevation. 

Percent exceedance is calculated from streamflow records 
for a defined time period. and the results vary depending 
upon the time period chosen. Se lection of the time period is 
determined by the objective or the analysis. If the objective 
were to compare actua l floodplain inundation in the pre-dam 
period to that in the recent period, the first step would be to 
determine equivalent-stage discharges using pre-dam and 
recent stage-d ischarge re lations. These different discharges 
for pre-dam and recent conditions. indicative of the physi-
cal changes in the channel, would then be used to calculate 
percent exceedance based on the two different periods of fl ow 
records (pre-dam and recent. respectively). The difference in 
duration of inundation resulting from these calculations would 
re flect the combined effects of both the physical changes in 
the channel and changes in discharge be tween the two periods. 
Studies addressing the full extent of hydrologic change 
that has occurred in floodplain habitats should include the 
combined effects of hoth of these types o f wate r-level changes. 
An analysis of this type. however. is not within the scope 
of this report. Changes in discharge are complex because of 
substantia l seasonal and annual variability. and causes of those 
changes are unclear. Although a limited description of changes 

in water levels caused by changes in di scharge is addressed 

for comparison purposes in the section entitled "Long-Term 
Changes in Monthly Discharge; · the primary objective of this 

report is to present details about the water-level decline caused 

by channel changes. independent of changes in flow. 

If the same time period is used to calculate percent 
exceedance from pre-dam stage-discharge re la tions and 

percent exceedance from recent re lations. then the differ­

ence between them represents the decrease in floodplain 

inundation tha t has occurred as a result of channel changes 
only ( independent of changes in llow). This allows the 

consequences of channel changes to be determined without 

the additional complicat ion of flow differences between earli er 

and later time periods. In most of the analyses in th is report. 
actua l conditions in the recent period of 1995 to 2004. reflect­

ing the effects of water-level decline attributable to channel 
change. were compared to the approximate natura l conditions 

that would have occurred in that same period if this water-level 

decline had 1101 occurred. This comparison shows the approxi­

mate difference in duration o f floodplain inundation with and 
without c hannel change during the recent period. 
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The recent period was compared to a 30-year contempo­
rary period and two other earlier periods (fig. 14). The recent 
period should not be assumed to represent average or typical 
conditions because it is the driest decade of the later period. 
At discharges less than 30,000 ft3/s, the recent period is more 
similar to the driest decade in the early period ( 1949-58) than 
to either the earlier or the later 30-year periods. The recent 
period, however. is an excellent time period for evaluating 
the effects of water-level decline on biological habitats during 
ex treme low-flow events. Extreme events can be an important 
factor affecting the species of trees that will colonize or 
thrive in floodplain forests, the long- term survival of sensitive 
aquatic species such as endangered mussels. and many other 
biological processes in the floodplain. If the objective of 
the analysis is to describe the effects of water-level declines 
under more typical conditions, however, periods longer than 
IO years (preferably 20-30 years or longer) should be used . 

Calculations of percent exceedance for the recent period 
based on both the pre-dam and recent relations are illustrated 
in the example in figure 15A. The initial selected discharge of 
15,000 ft3/s and its corresponding equivalent-stage discharge 
of 25,700 ft3/s in figure 15A are the same values generated 
by the example steps in figure 13. In the final calculation step 
in figure 15A, the percent exceedance of the equivalent-stage 
discharge (20.6) minus the percent exceedance of the initial 
selected discharge (45.3) yields a change of -24.7 percent. 
This is the approximate decrease in duration of inunda-
tion during the recent period that resulted from water-level 
decline caused by channel change at the Chattahoochee gage. 
Figure 158 illustrates the same calculation, which was made 
separately for the individual years 2000 and 2003, showing 
large differences in durations from year to year. Because of 
this annual variability, it is important not to draw conclusions 
about durations for a multiple-year period, as shown in figure 
15A. and apply them to individual years. Biological stress 
caused by adverse hydrologic conditions may not be evident 
when examining durations for the I 0-year period. but vulner­
able species could be extirpated locally by conditions occur­
ring in the driest year of this decade. 

Approximate decreases in duration of inundation 
caused by channel change. as determined from 1995 to 2004 
flow durat ions. were calculated at closely spaced locations 
(every 0.1 rm) for 14 selected discharges to show variation 
at different locations and under different flow conditions. 
Approximate decreases in duration of inundation were also 
calculated for each year of the 1995 of 2004 period at three 
example locations selected to show specific effects of water­
level decline on biolog ical habitats of the fl oodplain. At these 
three locations, duration data were calculated only for the 
seasons during which hydrologic conditions are important to 
the organisms utilizing those habitats. Inundation of flood­
plain forests, for example, has little effect on tree growth and 
survival during the dormant season. so duration calculations 
were made only on water-level data during the growing season 
for that particular case study. Elevation data at these three 

sites were collected in previous studies or for other purposes 
in the present study. Sources of the elevation data are cited in 
each case. 

Changes in Seasonal Distribution of Discharge 

Long-term changes in the seasonal distribution o f 
discharge were evaluated by comparing monthly discharge in 
the two 30-year periods shown in figure 14 ( 1929-1958 and 
I 975-2004 ). Both periods included major droughts and large 
floods (tables 2 and 3) and had similar average discharges. 
Although anthropogenic effects on runoff and streamflow arc 
not new- some beginning in the 1800s-many anthropogenic 
activities prevalent in the later period were minimal or nonex­
istent in the earlier period. For example, the later period begins 
just after the completion of the last o f the five large Federal 
reservoirs that were constructed from 1954 to 1974 for various 
flow regulation purposes (USACE, 1996). Large increases 
in agricultural water use occurred with the advent of center­
pivot irrigation systems in southwest Georgia beginning in 
the J 970s (Pierce and others. 1984). Municipal water use was 
much greater in the later period, especially in metropolitan 
Atlanta, which has experienced large increases in population 
(Marella and others, 1993; Couch and others, 1996; Atlanta 
Regional Commission. 2006). 

To compare these two 30-year periods. the first step 
involved isolating daily discharge values by month. For 
example, the daily mean discharge values for every January 
day in the earliest 30-year period were combined into one 
dataset having 930 values. Then five selected streamflow 
duration statistics ( I 0, 25, 50. 75. and 90 percent exceedance) 
were developed for that "January" dataset. For example. 
the discharge equaled or exceeded in IO percent of the days 
in January (49,780 ft3/s in the early period) represents the 
discharge that typica lly occurred in January during very wet 
conditions. The discharge equaled or exceeded in 90 percent 
o f the days in January ( 11 .700 ft3/s in the early period) repre­
sents the discharge that typically occurred in January during 
drought conditions. The same five se lected duration statistics 
were calculated for each month in the later period using the 
same methods. 

In a final analysis. water-level changes caused by changes 
in monthly discharge were compared to the water-level 
declines caused by channel changes. Because water- level 
changes resulting from changes in flow are complex, vary-
ing seasonally. annually, and by location along the ri ver. thi s 
comparison of both types of water-level declines was made at 
only one example location (Blountstown gage), and only for 
median flow conditions (50 percent exceedance) and drought 
conditions (90 percent exceedance). Water-level changes 
caused by both channel changes and flow changes were 
calculated individually, by the following methods. and then 
combined to show the relative contribution o f each to the total 
long-term change in monthly water levels at the selected site. 
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Figure 15. Example of determination of approximate decrease in duration of inundation caused by channel changes using data 
for the Chattahoochee streamgage on the Apalachicola River, Florida, (A) for the entire recent period (1995-2004), and (B) for one 
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equivalent-stage discharge. Graph B shows the same calculations which were made separately for individual years to show an 
example of annual variability. 



( I) To calculate water-level changes attributable to changes 
in discharge, streamflows from both the early period 
( 1929- 1958) and the late r period ( 1975-2004) were 
converted to stage using the same stage-discharge re la­
tion (the recent re lation for the Blountstown gage), and 
then differences in stage between the two periods were 
determined for each month. The same stage-discharge 
re lation was used for both time periods to isolate the 
effects of flow changes from the effects of channel 
changes. These results show the consequences of 
changes in flow assuming the present channel shape. 

(2) To calculate water-level declines attributable to chan-
ne l changes. streamflows from the later period only 
( 1975-2004) were converted to stage using both the 
pre-dam (pre- 1954) and recent ( 1995-2004) stage­
discharge relations at the Blountstown gage. and the 
water-level decline was determined from the difference 
in those two stages. The same time period of flow data 
( 1975-2004) was used to calculate pre-dam and recent 
stage to isolate the effects of channel changes from the 
effects of changes in discharge. 
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Results and Discussion 

A summary of the water-level decline that occurred 
throughout nearly all of the nontidal Apalachicola River as 
a result of changes in stage-discharge relations from 1954 to 
2004 is discussed in this section. The effects of water-level 
decline on long-term duration of inundation and selected 
fl oodplain habitats are also discussed. 

Magnitude and Extent of Water-Level Decline 

The magnitude of the water-level decline in relation to 
d istance a long the river at 14 selected discharges is shown 
in figure 16. The lowest lines in figure 16 indicate that the 
largest stage declines occurred at the lowest discharges, which 
was anticipated in the discussion of figure 12. The 14 lines in 
figure 16 parallel one another with fairly consistent spacing. 
This pa ttern reflects the fact that all stage-discharge relations 
(apps. 1-Y) have a generally similar shape. There a re minor 
departures. however. from this general pattern . In the vicinity 
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Figure 16. Patterns of water-level decline, at various discharges, that occurred along the nontidal Apalachicola River, Florida, as 
a result of long-term changes in stage-discharge relations from 1954 to 2004. Physical changes in the river channel caused the 
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of the Wewahitchka gage, for example, the stage decline for 
15.000 ft3/s is slightly greater than the decline for I 0,000 ft3/s, 
indicating that some aspect of channel change in that vicinity 
was atypical. If the amount of channel widening at different 
elevations on the banks did not progressively decrease with 
increasing stage, crossed lines would occur on figure 16. At 
Wewahitchka. channel widening at the elevation associated 
with 15,000 ft3/s (higher up on the bank) may have been greater 
than the amount of channel widening that occurred at the eleva­
tion associated with 10,000 ft3/s (lower down on the bank). 
Considering that dredged material disposal has occurred along 
the riverbank at this and many other sites (USACE. 200 I a). 
widening could have been atypical in some cases. 

The largest water-level decline occurred at rm 105.7, just 
downstream from Jim Woodruff Dam, and the decline progres­
sively decreased downstream to rm 66. Downstream progress­
ing riverbed degradation is to be expected where a dam traps 
the sediment (sand in this case) of the streambed (Galay. 1983; 
Simons, Li, and Associates. I 985: Ligon and others. 1995). 
Sand in the streambed below the dam is naturally mobilized 
and transported downstream during large streamflow events. 
Prior to dam construction. those transported sediments were 
replaced by sand from upstream sources, but that does not 
occur now that the dam is in place because sediments are 
trapped in the reservoir. The consequence is a progressive 
lowering of the stream bed surface. with greater magnitude of 
bed decline near the dam and lesser magnitude downstream. 
Other factors could also have contributed to the water-level 
decline. Dredging permanently removed streambed sediment 
from the channel environment and lowered the streambed 
surface when it was accompanied by disposal of dredged 
material on the noodplain (a common practice prior to 1973 ). 
but the relative contribution of this practice to bed lowering 
has not yet been determined. In addition. channel widening. 
which was documented using a time series of aerial photo­
graphs. has been re latively widespread throughout the entire 
nontidal river (Price and others. 2006) and probably also 
contributed 10 the water-level decline upstream from rm 66. 

The near absence of water-level decline at most 
discharges in the vicinity of rm 66 is anomalous and not easily 
explained. considering that channel widening. which was rela­
tively widespread along the entire river. occurred in this reach 
as well. It is telling that the trend toward progressively lessen­
ing declines moving downstream from the dam ended at rm 
66, with a trend reversal of progressively increasing declines 
downstream from this location. River mile 66 probably marks 
the downstream limit of the influence of Jim Woodruff Dam 
with regard to riverbed degradation. because it is not obvious 
how the presence of the dam could have contributed to the 
increasing declines downstream from this location. Water-level 
declines downstream from rm 66 are likely the result of chan­
nel widening and other more localized factors. 

The large and abrupt increase in water-level decline in the 
vicinity of rm 38 is unique within the pattern shown on figure 16. 
Widespread and repetitive activities (including annual mainte­
nance dredging, disposal, and woody debris removal) probably 

contributed to this water-level decline. but do not explain why 
the decline was larger in this particular location. In addition 
to normal maintenance activities, meander cutoffs and bend 
easings were excavated in 1957 and 1969 to straighten the 
lower reach of the river within a few miles upstream and 
downstream from RM 35. Widening of the river channel was 
particularly large (50 percent increase in average width) in 
the vicinity of bend easings upstream from RM 35 (Price and 
others, 2006). In addition, a substantial amount of channel 
deepening was measured in cross-section surveys downstream 
from RM 35 in the vicinity of the two largest meander cutoffs 
(Price and others, 2006). Upstream-progressing riverbed 
degradation is a predictable consequence when a river reach is 
shortened by meander cutoffs (Galay, 1983). 

The fact that the water-level decline was negligible near 
the Sumatra gage site is to be expected. The Sumatra gage is 
located at the approximate boundary between the nontidal and 
tidal reaches of the Apalachicola River. Near the mouth o f an 
alluvial river that flows into the sea, the surface of the river 
must always merge smoothly with sea level irrespective of any 
channel changes that may take place. 

Certain small-magnitude aspects of the pattern of water­
level decline (fig. 16) arc likely the result of errors. The sharp 
change in the decline (for all discharges except the very 
highest) just downstream from the Chattahoochee gage. and the 
abrupt "uptick" in many of the lines at the Wewahitchka gage 
are examples. The methods for developing stage-discharge 
re lations at gages and between-gage sites were different. 
Thus the values in figure 16 at the exact gage locations were 
determined differently than the values 0. I rm upstream and 
downstream from the gages (and at all locations between 
gages). As explained in the "Methods" section , stage-discharge 
relations at the five gage sites were developed using only the 
long-term streamgage records at those sites, whereas a combi­
nation of water-surface profile data and streamgage records 
were used to develop interpolated relations at between-gage 
sites at closely spaced intervals of 0.1 rm. The interpolated 
between-gage relations were based primarily on water-surface 
profile data at low nows. with a gradually increasing use of the 
long-term gage data in the interpolations at higher discharges. 
Table 6 and figure 9 show that the water-surface profile data 
are in general agreement with stages determined from long­
term gage records. Minor discrepancies at Chattahoochee 
and Wewahitchka. however. are large enough to be visible 
in figure 16. In the first case. the decline shown at the exact 
Chattahoochee gage location is more accurate than those 
shown in about the first 3 rm downstream from the gage. This 
is because the between-gage declines were based on water­
surface profiles developed in 1956 after more than 0.5 ft of 
decline had already occurred at the gage from riverbed degra­
dation resulting from sediment trapping in Lake Seminole. The 
declines at the exact location of the Wewahitchka gage are also 
probably more accurate than the between-gage declines. The 
uptick at Wewahitchka provides an example of the error that is 
possible in the between-gage declines at the lower discharges, 
which were based primarily on the water-surface profile data. 



The magnitude of the declines at the gage sites is 
graphically presented in figure 17 A (and listed on the left side 
of app. IX) in relation to 14 selected discharges. The decline 
at the Chattahoochee gage is more than twice the decline at 
any other gage at all discharges shown. and exceeds 2 ft even 
at discharges as high as 120.000 ft3/s. At discharges in the 
25,000 10 I 00.000 ft3/s range. the second largest decline is at 
the Blountstown gage. At the lowest nows. the second largest 
decline is at the RM 35 gage. 

The detailed data shown by river mile in figure 16 is 
summarized by major reaches of the river in figure 178 
(and listed on the right side of app. IX). As expected. the 
upper reach has the greatest declines at all discharges shown. 
Decl ines in the middle reach at discharges of 20,000 ft3/s and 
less are relative ly similar to those in the lower reach. 
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Effects of Water-Level Decline on Floodplain 
Habitats 

Effects of the long-term water-level decline on hydrologic 
conditions in floodplain habitats are described in this report 
primarily in terms of decreases that have occurred in percent 
duration of inundation. Actual duration of inundation in the 
recent period, reflecting the effects of water-level decline. 
were compared to the approximate natural duration of inunda­
tion that would have occurred in that same period if water 
levels had not declined. Figure 18 shows these approximate 
decreases in duration of inundation in relation to distance 
along the river for 14 selected discharges. Approximate 
decreases in duration of inundation at the gage sites and aver­
age decreases for reaches of the river are shown in figure 19 
for those same 14 selected discharges. 

A. At Gage Sites 

--- CHATTAHOOCHEE GAGE 
-- BLOUNTSTOWN GAGE 
--- WEWAHITCHKA GAGE 
_..... RM35GAGE 

_,,/,// 
/ 

/·\ . Averaged By Reach 

• 11>---<1 UPPER REACH 
C>- --0 MIDDLE REACH 
A· • - A N0NTI0AL LOWER REACH 
+----+ ENTIRE N0NTIDAL RIVER 

5,000 10,000 15,000 20,000 25,000 30,000 40,000 50,000 60,000 80,000 100,000 120,000 150,000 180,000 

SELECTED INCREMENTS OF DISCHARGE AT CHATTAHOOCHEE, IN CUBIC FEET PER SECOND 

Figure 17. Water-level decline, at various discharges, that occurred along the nontidal Apalachicola River, Florida, as a result of 
long-term changes in stage-discharge relations from 1954 to 2004 (Al at streamgage sites, and (Bl averaged by reach. Physical 
changes in the river channel caused the changes in stage-discharge relations, thus the decline is greatest at low discharges when 
all streamflow is contained within the channel, and least at high discharges when much of the runoff is flowing over the floodpla in. 
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Figure 18. Patterns of approximate decreases in percent duration of inundation. at various discharges, that occurred along the nontidal 
Apalachicola River, Florida, as a result of long-term changes in stage-discharge relations from 1954 to 2004. These results represent 
the difference between duration of inundation under actual conditions in the recent period (water years 1995-2004), reflecting the 
effect of water-level decline, and the duration of inundation that would have occurred in that same period if water levels had not 
declined. Calculations were made in a series of steps, described in the methods, starting with the pre-dam and recent stage-discharge 
relations. NOTE: Duration values are dependent on the time period used for calculating them (1995- 2004 in this case) and would be 
different if a different time period were used. 

Appendix X lists the values resulting from each step of 
the calculation process used to generate the results shown in 
figure 19. This appendix is a three-part table with equivalent­
stage discharges shown in part A, the corresponding percent 
exceedance values in part B, and approximate decreases 
in duration of inundation in part C. The values in part C of 
appendix X are the same values as shown in figure 19. 

Similar to figure 16, the greatest decreases in inundation 
shown in figures 18 and 19 occur at the lowest discharges. 
with minor departures from this general pattern. The reasons 
for the departures are twofold: ( I) some aspect of channel 
change in that vicinity may have been atypical (as explained in 
the discussion of fig. 16), and (2) differences in durations can 
vary depending upon which part of the flow duration curve 
is involved in the change from the pre-dam discharge to the 
recent equivalent-stage discharge (as illustrated in fig. 15). 

Large decreases in percent duration of inundation of 
about 20 to 45 percent occurred in the upstream-most I 0 
mi of the upper reach for discharges of 5,000, I 0.000, and 
15.000 ft3/s (fig. 18). As expected. these decreases were 
greater than at any other location along the river. But for a ll 
other discharges, decreases in duration of inundation in the 
upper reach were relatively similar to decreases in much of 
the middle and lower reaches. This differs from the results 
shown in figure 16. in which the magnitude of water-level 
declines in the upper reach were substantially greater than in 
the middle and lower reaches for all discharges. Dissimilar 
results in these two fig ures are primarily due to diffe rences in 
floodplain topography between the reaches. In the lower reach, 
adjacent floodplains are lower in re lation to river stage and the 
floodplain is wider and has lower re lief than in the upper reach 
(figs. 2 and 7). In addition , a substantial amount of river flow 
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A. At Gage Sites 

-- CHATTAHOOCHEE GAGE 
-- BLOUNTSTOWN GAGE 
_._ WEWAHITCHKA GAGE 

RM 35 GAGE 

B. Averaged By Reach 

- UPPER REACH 
0- --0 MIDDLE REACH 
A- - - -A NONTIDAL LOWER REACH 
+----+ ENTIRE NONTIDAL RIVER 

5,000 10,000 15,000 20,000 25,000 30,000 40,000 50,000 60,000 80,000 100,000 120,000 150,000 180,000 

SELECTED INCREMENTS OF DISCHARGE AT CHATTAHOOCHEE, IN CUBIC FEET PER SECOND 

Figure 19, Approximate decreases in percent duration of inundation, at various discharges, that occurred along the nontidal 
Apalachicola River, Florida, as a result of long-term changes in stage-discharge relations from 1954 to 2004 (Al at streamgage 
sites and (B) averaged by reach. These results represent the difference between duration of inundation under actual conditions 
in the recent period (water years 1995-20041, reflecting the effect of water-level decline, and the duration of inundation that would 
have occurred in that same period if water levels had not declined. Calculations were made in a series of steps, described in the 
methods, starting with the pre-dam and recent stage-discharge relations. NOTE: Duration values are dependent on the time period 
used for calculating them (1995-2004 in this easel and would be different if a different time period were used. 

leaves the main channel and is carried by large side-channel 
streams even during low-now conditions. As a result, a differ­
ence in river stage is usually associated with a larger difference 
in discharge at downstream sites than at upstream sites. For a 
discharge of 30.000 ft3/s, for example. the water-level decline 
shown in figure 17 for the Blountstown gage ( 1.7 ft) was more 
than twice the decline that occurred at the Wewahitchka gage 
(0.8 ft). Yet the equivalent-stage discharge required in the recent 
period to replicate the pre-darn stage for 30,000 ft3/s is similar 
between the two sites (35.500 ft31s at Blountstown. 36,500 ft3/s 
at Wewahitchka: app. X, part A). Consequently, the approximate 
decrease in duration of inundation as a result of that water-level 

decline is slightly greater at Wewahitchka (4.5 percent) than at 
Blountstown (4.0 percent) (fig. 19) in spite of the substantially 
smaller water-level decline at Wewahitchka. 

Specific Examples of Habitat Alteration 

Determining the effects of water-level declines on 
particular species or biological communities in the floodplain 
requires an understanding of the seasonal habitat needs of 
those particular organisms. Decreases in duration of inunda­
tion caused by water-level decline in the river are calculated 
for different seasonal periods in each of the followi ng 
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examples to describe conditions that are important to the 
organisms that are dependent upon those sites. Although 
analyses of floodplain effects in this report are based primarily 
on decreases in duration of inundation, a variety of other types 
of streamflow statistics can be used to evaluate the effects of 
water-level decline on floodplain habitats. 

Access to cool-water refuges for striped bass.-At one 
time, the native Gulf Coast race of the striped bass (Marone 
saxatilis) was a commercially and recreationally important 
species with widespread distribution in most rivers along the 
Gulf of Mexico. Currently, the last remnant population appears 
to exist only in the Apalachicola River system (Wooley and 
Crateau, 1983; Lukens, 1988). Construction of dams and 
impoundments that have blocked passage to spawning grounds 
and cool-water refuges, and widespread use of agricultural 
chemicals have been cited as possible reasons for the rapid 
decline of the Gulf Coast striped bass, which occurred 
from about 1940 to 1960 (Wooley and Crateau, 1983; Van 
Den Avyle and Evans. 1990; Striped Bass Technical Task 
Force, 2005). Annual stocking is now required to maintain 
harvestable population levels, because natural reproduction is 
extremely limited (ACF Striped Bass Technical Committee, 
2004). 

Adult striped bass, which cannot tolerate the warm 
ambient water temperatures of rivers and reservoirs, require 
access to cool-water refuges for summer survival (Moss, 1985: 
Coutant, 1985 and 1987; Lukens and Barkuloo, 1990; Yan Den 

Avyle and Evans, 1990; Zale and others, 1990). Striped bass 
typically move into cooler waters in May and remain there 
through October (Yan Den Avyle and Evans. 1990). Adult 
striped bass larger than 10 pounds are more vulnerable to 
summer temperature stress than smaller individuals (Wooley 
and Crateau. I 983). Although individuals up to 48 pounds 
have been reported from the upper Apalachicola River, they 
usually do not exceed 25 or 30 pounds (Charles L. Mesing, 
Florida Fish and Wildlife Conservation Commission, written 
commun., 2006). To provide adequate access for these large 
adult fish, cool-water streams probably need to be at least 3 ft 
deep during the warm season (May-October). 

More than a dozen perennial cool-water streams in the 
upper reach of the Apalachicola River, as well as springfed 
streams in the lower reach of the Flint River, have been 
identified as thermal refuges for adult striped bass during the 
warm season (Lukens and Barkuloo, 1990: Van Den Avyle 
and Evans, 1990; Charles L. Mesing. Florida Fish and Wildlife 
Conservation Commission, written commun. 1995). One of 
these cool-water refuge streams is Flat Creek, which drains 
52 mi2 in an upland area adjacent to and east of the upper 
reach of the Apalachicola River (fig. 2; Light and others. 
1998). The downstream-most 2 mi of Flat Creek flows through 
the Apalachicola River floodplain before it empties into the 
main ri ver channel at rm 99.5 (fig. 20). Temperatures in Flat 
Creek during the summer are cooler than river temperatures 
because this creek is fed partly by ground water. 

Figure 20. Shallow water in Flat Creek near its mouth on the 
Apalachicola River, Florida, (left) about 1,700 feet upstream from the 
creek mouth. and (above) about 100 feet upstream from the creek 
mouth. Because of long-term water-level decline in the Apalachicola 
River, Flat Creek is often just a few inches deep during summer months, 
as shown in these summer 1993 photographs. Prior to the water-level 
decline, the creek was almost always at least 3 feet deep at its mouth 
during the summer, providing a cool-water refuge for adult striped bass. 

Photographs taken by Helen M. Light 



The availability of thermal refuge habitat in Flat Creek 
and o ther cool-water streams in the upper reach of the 
Apalachicola River has been severely reduced by water-level 
decline since 1954. These streams are often too shallow during 
summer to provide access for adult striped bass (fig. 20). In 
the recent period from 1995 to 2004. the percentage of time in 
May through Octobe r that the mouth of Flat Creek was at least 
3 ft deep has been reduced by more than half because of water­
level decline (fig. 21 ). If channel changes had not occurred, 
cool-water refuge would have been available in Flat Creek 
about 90 percent of the time in the months of May through 
October during the IO years o f the recent period. Because of 
water-level decline. however, cool-water re fuge was avail-
able only about 40 percent of the time during this period. 
In addition, there was not a single year in the recent period 
( 1995-2004) that Flat Creek was available for adult s triped 
bass continuously throughout the thermal refuge season of 
May through October (fig. 21 ). By comparison, if water-level 
decline had not occurred. availability I 00 percent of the time 
during the thermal refuge season would have occurred in 6 out 
of IO years, with more than 70 pe rcent availability in 9 out of 
IO years (all years except 2000). 

By severely reducing access to critical habitat in cool­
water streams, water-level decline in the Apalachicola River 
probably contributed. in part. to the historical decline and 
the present low numbers of the Gulf Coast race of striped 
bass. Water depths in more than a dozen Apalachicola River 
tributaries known to be thermal refuge streams are no longer 
sufficient to provide access for adult s triped bass when river 
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discharge drops below 8.000 ft3/s. with the exception of 
Selman 's Ditch, which was artificially dredged and deepened 
many years ago. Excavation to deepen the mouths of other 
cool-water refuge streams has provided only short-term 
benefits (Long, 2004; Striped Bass Technical Task Force, 
2005) (see section entitled " Future Trends and Potential for 
Restoration"). 

Persistence of' flowing-water habitat for listed 
mussels.-Ln the past 50 years. a precipitous decline in 
freshwater mussels appears to have occurred in the ACF 
Basin. s imilar to the decline that has occurred throughou t 
the southeastern United States (Brim Box and Williams. 
2000). Causes of the decline in the ACF Basin. although not 
quantitatively documented , probably include construction of 
dams and impoundments, dredging and channe l modifications. 
excess sedimentation from erosion as a rsult of poor agricul­
tural practices. introduction of the Asian clam (Corbirnla 
jlwninea). and pollution (Neves and others. 1997: Brim Box 
and Williams, 2000). 

Many species of freshwater mussels, including threatened 
and endangered species, exhibit high mortality in the absence 
of nowing water and the ensuing hypoxic conditions (Johnson 
and others, 200 I; USFWS. 2003: Golladay and others. 2004). 
Perennial flowing streams in the noodplain that have upland 
drainage areas. such as Flat Creek. are common in the upper 
reach of the Apalachicola River. Listed mussels. however. 
have not been found in these streams, with the exception of 
the Shinyrayed pocketbook (Lampsilis suban.gulwa), which 
was last seen in 1962 and apparently extirpated since then 
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Figure 21. Effects of water-level decline on the availability of thermal refuge habitat for adult striped bass in Flat Creek on the 
Apalachicola River, Florida, from 1995 to 2004. Water depths at the creek mouth were based on a cross-section survey in 1993 
120 feet upstream from the mouth of the creek where it empties into the upper reach of the Apalachicola River at river mile 99.5, 
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(USFWS, 2003). The absence of rare mussels in floodplain 
streams of the upper reach could be related to the drastic 
reductions in mussel populations reported for the mainstem of 
the upper Apalachicola River, an area that once harbored an 
abundant and diverse mussel fauna as recently as 50 years ago 
(Brim Box and Williams. 2000). 

Floodplain streams in the middle and nontidal lower 
reaches of the Apalachicola River are a different type of 
stream than the perennial streams of the upper reach. Some of 
the largest off-channel water bodies, like lamonia Lake and 
Florida River, may receive minor contributions from upland 
runoff, but are largely controlled by backwater from the main 
river channel. Many of the smaller streams and sloughs are 
what have been informally called " loop streams" by Light and 
others ( 1998). where water diverted from the Apalachicola 
River enters at the head of the stream, flows a few miles along 
the stream through the floodplain, and returns to the river at 
the mouth of the stream. Loop streams are fed by the river 
and receive no direct upland runoff, and can be perennial 
or intermittent depending on whether or not the streambed 
elevation is below minimum river levels. An intermittent 
loop stream stops flowing when the water level of the river 
is lower than the elevation of the streambed. Some of these 
streams are dewatered completely when river levels are low: 

others become a series of stagnant, isolated pools along the 
streambed (fig. 22). These pools can become hypoxic during 
ex tended periods of isolation, especially in warm weather. 
Further details about streams and sloughs of the Apalachicola 
River floodplain, including descriptions of their periodic 
connection and disconnection to the main river channel, and 
photographs of the major stream types, can be found in Light 
and others ( 1998). 

Swift Slough and Moccasin Slough, two loop streams 
in the nontidal lower reach with similar channel widths and 
lengths, are fed by the Apalachicola River at their heads and 
empty into the River Styx at their mouths (fig. 2). Moccasin 
Slough is an intermittent stream that alternately connects and 
disconnects to the main river channel, depending upon river 
levels. Moccasin Slough flows when river levels are high 
enough for the stream to be connected to the main chan-
nel, and has small isolated pools along the bed when river 
levels are too low to enter the stream at its head (fig. 22). In 
the recent period, Moccasin Slough was disconnected and 
experienced no flow for extended periods during dry years 
(fig. 23). Continuous periods of disconnection in the drought 
years of 1999, 2000, 200 I, and 2002 were estimated to be as 
long as 12, 28. 7, and 7 weeks. respectively. Moccasin Slough 
was a perennial stream prior to water-level decline in the 

Figure 22. Comparison of flowing and nonflowing conditions in 
Moccasin Slough in the lower reach of the Apalachicola River, Florida. 
Moccasin Slough is a "loop stream" in which water diverted from the 
Apalachicola River enters at its head, flows about 2 miles through 
the floodplain, and returns to the river at the slough mouth. Moccasin 
Slough was a perennial flowing stream prior to 1954, similar to 
photograph (left), because river levels were always high enough for 
water to enter the stream and maintain flowing-water conditions. 
Because of water-level decline in the river, Moccasin Slough now 
becomes disconnected for extended periods during dry years, similar to 
photograph (above). with stagnant, isolated pools along a streambed 
that is mostly dewatered. 

Photographs taken by Helen M. Light 



Apalachicola River. and permanent nowing water conditions 
would have been continuously maintained in Moccasin Slough 
throughout the recent drought of 1999 to 2002 if water levels 
in the river had not declined. 

Because Moccas in Slough probably has been an intermit­
tent stream since the early 1980s, with nonnowing conditions 
lasting weeks or months during dry years. the slough has not 
been suitable habitat for threatened or endangered mussels that 
depend on continuously nowing water to maintain oxygen­
ation. Consequently. no listed mussels have been found there. 
Many species of fish are intolerant of hypoxic or nonflowing 
conditions as well. inc luding fish identified as host species 
necessary to support the larval phase of mussel reproduction. 
The blackbanded darter (Percina nigrofasciara) has been 
identified as a potential host species for the endangered fa t 
threeridge (Amblema neislerii) (USFWS. 2003). Darte rs as a 
group generally inhabit flowing waters and would be unlike ly 
to survive in the isolated pools of inte rmittent floodplain 
streams (Kuehne and Barbour. 1983; Leitman and othe rs. 
1991 ). 

Swift Slough. by comparison. was a perennial stream 
until recemly (July 2006) and harbored a relative ly abundant 
and diverse mussel fauna. including the largest population 
of fat threeridge known to inhabit noodplain streams of the 
Apalachicola River (USFWS. 2003; EnviroScience. Inc .. 
2006). Swift Slough was observed to be disconnected for 
the first time on record in late July 2006 (Charles L. Mesing, 
FFWCC. written commun .. 2006). as a result of very low flow 
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in the river (5.100 ft3/s) in combination with a higher than 
normal streambed e levation in the first 700 ft of the head of 
the slough ( 1.3 ft higher than during the previous observation 
in August 2000). Sand from a large shoal in the main ri ver 
channe l immediately upstream of the slough may have been 
deposited in the slough during a longer than normal high water 
period (exceeding 6 months) in 2003 and a major llood event 
(maximum daily mean discharge o f 158.000 ft3/s) in 2005. 

The only noodplain streams known to have live popula­
tions of lis ted mussels are those with persistent n owing water. 
Fat threeridge populations were reported in Kennedy Creek 
(EnviroScience, Inc., 2006) in a location having perennial 
flow (Light and others. 1998). One live purple bankclimber 
(£1/iproideus sloarianus) was found in River Styx in 2000 
(Theodore S. Hoehn, Florida Fish and Wildlife Conservation 
Commission, written commun., 2006). Flow in River Styx is 
typically sluggish during low-now periods. but this backwater 
slough has not been known to disconnect completely from the 
Apalachicola River. Dead shells o f fat threcridge and purple 
bankclimber were found in two small unnamed intermit-
tent streams be tween rm 30.0 and rm 30.3 that now (when 
ri ver levels are high enoug h) from the Apalachicola River 10 

Douglas Slough (Jerry W. Ziewitz, USFWS, written commun .. 
2000). It is not known if the dead she lls washed in from the 
river or were the remains of live mussels that succumbed 
to adverse conditions in these streams when the streams 
stopped nowing. Several fat threeridge and purple bank­
climber mussels were found in the main channel of the river 
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Figure 23. Effects of water-level decline on persistence of flowing-water habitat in Moccasin Slough on the Apalachicola River, 
Florida, from 1995 to 2004. These results are based on an elevation survey of the streambed in the head of Moccasin Slough and 
observations of flowing and non-flowing conditions in 2001 and 2002 compared to simultaneous stage measurements at RM 35 
streamgage. 
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at the mouths of these unnamed streams, but no live mussels 
were found in the streams themselves (Jerry W. Ziewitz, 
USFWS, written commun .. 2001; Payne and Miller, 2002; 
EnviroScience, Inc. 2006). 

It has been hypothesized that floodplain streams in 
the nontidal lower reach could support mainstem mussel 
communities by serving as a core reproductive population 
for these species (James D. Williams, USGS, oral commun., 
2006). Water-level decline in the Apalachicola River. however. 
appears to be an important limiting factor for rare mussels 
because of its effect on the persistence of flowing water condi­
tions in floodplain streams of the non tidal lower reach. 

Duration of inundation in tupelo-cypress swamps.­
Tupelo-cypress swamps are found in the lowest elevations of 
the forested floodplain where the longest periods of inunda­
tion occur. Low bottomland hardwood trees grow on slightly 
higher elevations where inundation periods are shorter. The 
long duration of inundation and deep flooding that occurs in 
tupelo-cypress swamps controls forest composition primarily 
through a process of exclusion, drowning the seedlings of 
most bottomland hardwood species before they can become 
established (Hosner. 1960: Light and others, 1993, 2002). The 
seedlings of water tupelo (Nyssa aquarica) and bald cypress 
(Taxodium distichum) are more likely to survive flooding in 
swamps because they grow tall much faster than bottomland 
hardwood species (Harms. 1973; Brown. 1984). Solitary 
individuals of bald cypress grow well at higher elevations in 
the floodplain, and even do well when planted on upland sites, 

Figure 24. Tupelo-cypress 
swamp near Porter Lake 
in the middle reach of the 
Apalachicola River, Florida. 
during a summer low-water 
period. The trees in this 
photograph are primarily 
cypress. with dark, distinct 
"water lines" on swollen 
trunks several feet above 
ground that were formed 
during the high water season 
in winter and early spring. 
Duration of inundation in 
this swamp is considerably 
shorter than it was before 
1954, because of long-term 
water-level decline in the 
Apalachicola River 

Photograph taken by 
Helen M. Light 

but natural stands with large numbers of bald cypress trees, 
as shown in figure 24, occur only where flooding lasts long 
enough to limit competition from drier habitat species. Limited 
competition is also a necessary prerequisite for the establish­
ment of water tupelo trees, but unlike bald cypress, water 
tupelo requires wet conditions to thrive in the seedling stage 
and will not grow well under drier conditions (Applequist, 
1959; Hosner and Boyce, 1962; Dickson and others. 1965). 
Where flooding has decreased in depth or duration, species of 
trees most commonly found in bottomland hardwood forests 
will successfully invade tupelo-cypress swamps, changing the 
swamps to a drier forest type. 

Elevations and tree compositions o f sampling points near 
Porter Lake in the middle reach of the Apalachicola River 
were surveyed by Leitman and others ( 1984) and reanalyzed 
as part of this study to show the effects of water-level decline 
on swamp forests. Because of its proximity to a stream that 
connects Porter Lake to the Apalachicola River at rm 48.3, 
water levels in swamps at the sampling area are directly 
controlled by river stage. Thus, percent duration of inundation 
calculated by the methods used in this report can be applied 
directly without any adjustments for water retention in topo­
graphic depressions. Inundation of floodplain forests has little 
effect on tree growth and survival during the dormant season, 
so duration calculations were made only on water-level data 
during the growing season of March I-November 24 (last and 
first 32 °F freeze dates at the Quincy. Florida, weather station, 
1971-2000). 



During the IO years of the recent period, duration of 
inundation in the growing season at the average e levation of 
the tupelo-cypress swamp at this site was 29 percent, based on 
actual conditions reflecting the effects of water-level decline 
caused by channel change (fig. 25). The approximate duration 
of inundation in the growing season that would have occurred 
in this swamp if water levels had not declined was 47 percent. 
Thus. the water-level decline in the ri ver has shortened the 
duration of inundation in the growing season in the tupelo­
cypress swamp at Porter Lake to the extent that hydrologic 
conditions in the swamp are now more similar to natural 
conditions associated with the low bottomland hardwood 
forest ( 19 percent) than to conditions previously associated 
with the swamp. 

A preliminary assessment of vegetative changes indicates 
that Porter Lake swamps are shifting to a drier forest composi­
tion. Based on a comparison of hismrical ( 1979) to present 
(2005) composition and a comparison of the present canopy to 
the present subcanopy (using younger trees as an indication of 
the future canopy), a change has occurred in forest composi­
tion of about IO to 20 percent toward a drier forest type in the 
Porter Lake tupelo-cypress swamp. Because forest composi­
tion changes slowly, the full impact of the hydrologic change 
may not occur for many more years. Other effects of altered 
hydro logy may be slower growth rates. higher mortality 
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rates. and reduced density. The composition of low and high 
bottomland hardwood forests may also change in response to 
drier conditions. 

Effects on Floodplain Habitats: An Overview 

The specific examples given at Flat Creek. Moccasin 
Slough, and Porter Lake swamp illustrate the impacts of water­
level decline on floodplain habitats. The reduction in avai l­
ability of cool-water refuge by more than half in Flat Creek. 
the conversion of the previously perennial Moccasin Slough 
to an intermittent stream with no now for weeks or months 
during dry years. and the a lte ration of hydrologic conditions 
in tupelo-cypress swamps near Porter Lake to the extent that 
tupelo-cypress swamps are changing to a different and drier 
forest type, represent only a few examples of the impacts that 
have occurred in floodplain habitats as a result of water-level 
decline caused by channel change. Water-level declines in 
the river have substantially changed long-term hydrologic 
conditions in more than 200 mi of off-channel floodplain 
sloughs, streams, and lakes and in most of the 82,200 acres 
of floodplain forests in the nontidal reach of the Apalachicola 
River (fig. 18; Light and others, 1998). Figure 26 illustrates 
some of the other effects that decreasing river levels have on 
floodplain habitats. 
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TUPELO-CYPRESS SWAMPS- Approximate natural conditions that would 
have occurred if water levels had not declined . 

TUPELO-CYPRESS SWAMPS- Actual conditions, reflecting effects of 
water-level decline caused by channel change. 

LOW BOTTOMLANO HAROWOOO FORESTS-Approximate natural conditions 
that would have occurred if water levels had not declined. 

Figure 25. Effects of water-level decline on the duration of inundation in tupelo-cypress swamps near Porter Lake in the middle 
reach of the Apalachicola River, Florida, from 1995 to 2004. Because of water-level decline caused by channel change, the 
average duration of inundation during the growing season in Porter Lake swamps decreased from 47 to 29 percent, and is now 
more similar to the natural conditions associated with low bottomland hardwood forests (19 percent). 
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As flood waters recede, riverbank levees are exposed and 
high bottomland hardwood forests are dewatered. 

Low ridges and flats are exposed; low bottomland 
hardwood forests are dewatered. 

Tupelo-cypress swamps 
are dewatered. 

Connections between main channel and 
lower-elevation streams, backwater sloughs 
and lakes become shallow. 

Large backwater sloughs and lakes disconnect from 
main channel. 

Lower-elevation streams stop flowing. 

Tupelo-cypress swamp soils dry and crack. 
Small streams are mostly dewatered; hypoxic conditions develop 

in remaining isolated pools. 

Large backwater sloughs and lakes shrink in size. 

DECREASING SIZE AND DIVERSITY OF AQUATIC HABITATS 

DECREASING DISSOLVED OXYGEN CONCENTRATIONS 
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Figure 26. Conceptual relation between conditions in floodplain habitats and decreasing river levels in the 
nontidal Apalachicola River, Florida. A fluctuating flow regime is a natural characteristic of this river system, and 
all conditions shown occur naturally at various times in some floodplain habitats. Long-term water-level declines 
in the river, however, have substantially increased the frequency and duration of nonflowing, disconnected, 
hypoxic, and dewatered conditions in the floodplain. 



Except during the highest floods. when the floodplain 
is entire ly covered with water moving in a downstream 
direction. the river- floodplain corridor contains a constantly 
changing mixture o f terrestria l and aquatic habitats as water 
levels fluc tuate seasona lly and annually between the wet 
and dry extremes shown in figure 26. The high diversity of 
habitat types and hydrologic conditions in the A palachicola 
River floodplain he lps expla in the high biological diversity of 
this system. All of the habi tat conditions shown in tigure 26 
occur periodically in some parts of the fl oodplain in response 
to the naturally fluctuating flow regime of this system. The 
frequency and duration of conditions a t the dry end of the 
spectrum. however. have increased substantia lly because of 
long-term water-level declines. Nonflowing. hydrologically 
disconnected, and dewate red conditions occur much more 
often as a result of the decline. with important consequences 
on water quality. particularly dissolved oxygen concentra­
tions. Based on over 900 water-quality measurements made 
in various fl oodpla in habitats of the Apalachicola Rive r from 
200 1-2004, mean dissolved oxygen concentrations were 6 
ppm (parts per million) in flowing waters, 5 ppm in nonflow­
ing backwaters connected to the main channel. 4 ppm in 
backwate rs that had been isolated from the main channel less 
than 6 weeks, and less than 2 ppm in backwater areas that 
had been isolated from the main channel more than 6 weeks 
(StephL:n J. Walsh, USGS. written commun., 2006). Ponds and 
lakes remaining in the lloodplain shrink in size from evapora­
tion and infi ltration during extended periods of low water 
levels. reducing the amount of aqua tic habitat connected to the 
main river channe l to 200 acres or less during severe droughts 
(Light and others, 1998). 

Long-term hydrologic changes in floodplain habitats of 
the Apalachicola River described so far in this report were 
caused hy channel changes only. Changes in the amount 
of water delivered from upstream were not inc luded in the 
calculations of decreased duration of inundation presented in 
figures 18. 19. 21. 23 . and 25. because effects of water- level 
declines caused by changes in stage-discharge re lations were 
calculated independent of changes in llow (see section enti tled 
·'Approximate Decrease in Duration of Inundation Caused 
by Channel Change"). A discussion of addi tional hydrologic 
changes that have occurred as a resul t of changes in flow is 
necessary in this genera l overview of the effects of water-level 
decline on floodplain habita ts. 

Long-term changes in monthly discharge.- Average 
discharge in the earliest 30 years ( 1929-1958) and la test 
30 years ( 1975-2004) in the period of record at the Challa­
hoochee gage was very simila r (2 1.200 and 2 1.500 ft3/s. 
respectively). but the seasonal di stribution of fl ows has 
changed. Figure 27 compares monthly streamflow statistics 
( I 0. 25. 50. 75. and 90 percent exceedance) in these two 
periods. During median conditions (fig. 27C), fall and winter 
discharges inc reased and spring and summer discharges 
decreased. with the greatest changes in February (23 percent 
more discharge) and April (22 pe rcent less discharge). 
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During drought rnnditions (90 pcrcentexceedance, fig. 27E). 
discharge decreased in all months except February, with the 
greatest decreases in April , May. Jul y. and August (28. 24. 26, 
and 29 percent less di scharge. respective ly). 

Long-te rm changes in the monthly discharge in the 
Apalachicola Ri ver arc probably caused by a combination 
of natura l c limatic changes and anthropogenic activities in 
the ACF Basin, some of which are listed below. A I tho ugh 
numerous reports have addressed most of these activities and 
changes, there is no comprehensive summary describing the 
degree to which each of the factors have affected streamflow 
in the Apalachicola River. In the fo llowing discussion. the 
order in which various factors arc addressed does not neces­
sarily imply order of importance. Trend analyses re lating 
discharge to c limate. which is not within the scope of this 
report, would be necessary to understand the degree to which 
anthropogenic effects have contributed to the observed 
changes in monthly di scharge. 

Clima1ic differences may have contributed. in part. 
to differences in monthly d ischarge between the earlier 
and la ter periods. Large increases in median February and 
March di scharge in the Apalachicola River (fig. 27C), for 
example. were also observed in two smaller. undammed rivers 
nearby to the east and west (Suwannee River at Ellaville. 
Choctawha tchee River near Bruce: USGS, 2006b,c). In many 
north Florida streams. incl uding the Apalachicola River. 
winter streamflow increased from 1940- 1969 to 1970- 1999 
(Kelly. 2004). This inc rease was allributed to a long-term 
cyclical pattern in Atlantic Ocean sea-surface temperatures 
called the Atlantic Multidecadal Oscillation (AMO) in which 
1940 to 1969 was a warm phase and 1970 to 1999 was a cool 
phase. In that comparison, the increase in average annual flow 
in the Apalachirnla River during the recent cool phase ( 1970-
1999) was less than a ll other north Florida streams examined. 
possibly because streamflow decreased at all Flint Ri ver 
stations d uring that period-a trend atypical of the southeast­
ern United States in general. It is important to understand the 
effect of the AMO and other long-term climatic pa tterns (such 
as the El Nino Southern Oscillation) on Apalachicola River 
flow. because these natural cycles can a lterna tely .. disguise or 
accentuate" the effects of anthropogenic activities (Enfield and 
others. 2001). 

Flow reg11/atinn is carried out by USACE through the 
management of reservoir storage and re leases at three Federal 
dams along the C hattahoochee River (Buford. West Point. and 
Walter F. George: fig. I) (USACE. 1989: 2006a). Reservoirs 
impounded by George W. Andrews and J im Woodruff Dams 
are essentially run-of-river projects and are noi normally used 
fo r flow regulation. Although reservoir operations vary from 
year to year depending upon river levels. c limatic conditions. 
and water management needs. operations generally fo llow 
pool-level guidelines called "action zones· · to meet project 
purposes for each reservoir (USACE. 2006a.b) . Management 
for flood control typically inc ludes re leases of water in the fall 
(October-December) to lower reservoir pool levels in advance 
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Figure 27. Monthly streamflow statistics for the earliest 30 years (1929-58) and the latest 30 years 11975- 2004) in the period of record at 
the Chattahoochee streamgage on the Apalachicola River, Florida . Discharge values shown were equaled or exceeded, for the percent 
of time indicated, in the given month of the specified 30-year period. For example, graph A shows discharges that were equaled or 
exceeded only 10 percent of the time, representing very wet conditions. Graph E shows discharges that were equaled or exceeded 90 
percent of the time, representing drought conditions. Note that scales on vertical axes are different on every graph. 



of the flood season (January-April). Refilling of the reservoir 
pools can begin as early as mid-February. but is accomplished 
primarily in April and May in advance of Memoria l Day. 
the first major holiday of the recreational season (USACE. 
2006a,b). Although the amount of water that can be stored in 
or released from Federal reservoirs is limited relative to Lhe 
now of the Apalachicola River. reservoir management may 
have contributed, in part, to decreased flow in April and May 
in the Apalachicola River during moderate and dry conditions 
(fig. 27C. D. and E). Reservoir operation objectives to main­
tain full reservoir pool level s during the summer recreational 
season, which ends with the Labor Day holiday (USACE, 
2006b), may have affected summer flow in the Apalachicola 
River. On the other hand. releases from lake storage during 
summer and fall (June-December) were routinely made in 
the past to augment flow in the Apalachicola River to support 
navigation (USACE, 1986). If support of navigation is reduced 
in the future as a result of recent difficulties encountered 
by the USACE in obtaining a State permit for maintenance 
dredging of the navigation channel (Florida Department of 
Environmental Protection. 2005). the amount of summer fl ow 
augmentation may change. 

Agricult11ral water use increased rapidly in the lower 
Flint River basin during the 1970s with the introduction of 
center-pivot irrigation systems (Pierce and others. 1984 ). The 
irrigation season is typica lly April Lhrough September. with 
peak irrigation volumes in May through August (Georgia 
Environmental Protection Division. 2006). Ground water is the 
primary source of irrigation withdrawals (Marella and others. 
1993). Several studies have documented a strong connection 
between ground-water withdrawals and reduced streamflow 
in the lower Flinl River basin (Hayes and others. 1983: Torak 
and others. I 996) wiLh modeling results indicating effects on 
Apalachicola River fl ows. panil:ularly during droughts (Torak 
and McDowell. 1996). 

Municipal and ind11strial water use in the ACF Basin 
has increased substantially since 1970. Municipal water use 
increased stt;:adily from 1970 to 1990. whereas industrial water 
use increased from 1970 to 1980 and then leveled off (Marella 
and others. 1993). Comprehensive compilations of municipal 
and industrial water withdrawals and wastewater returns in this 
basin after 1990 have not been published, although estimated 
values were generated for missing data as part of a recent ACF 
flow-modeling project (USACE. 2004). Population in urban 
areas of Georgia has continued to increase. particularly in 
metropolitan Atlanta (Atlanta Regional Commission, 2006), 
and preliminary 2000 water-use estimates in the ACF Basin 
indicate that steady increases in municipal water withdrawals 
are continuing as well (Fanning. 2003; Richard L. Marella. 
USGS. written commun., 2006). Considerable seasonal 
variation can occur in the amount of municipal consumption 
(withdrawals minus returns). Municipal consumption in the 
ACF Basin from May through August was about twice that 
of November through April based on preliminary data for the 
year 2000. 
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Reservoir evapoprecipitatio11 (evaporative losses and 
precipitation gains) results in lower flows in spring, summer, 
and early fall , when temperatures and evaporation rates are 
highest. and higher flows in winter. when evaporation rates 
are low and precipitation on reservoir surfaces adds directly to 
streamflow without interception by the forests that existed there 
before the reservoirs were built (USACE. 1996). Estimates 
of evapoprecipitation effects on streamflow have been made 
at the four largest Federal reservoirs by the USACE ( l 995. 
1996). Evapoprecipitation is also occurring at the 12 smaller 
mainstem reservoirs on the Chattahoochee and Flint Rivers, 
1.800 reservoirs on mapped tributaries of these two rivers 
(U.S. Environmental Protection Agency (USEPA), 1998; Alice 
Lawrence, USFWS. written commun., 2005). and 22,000 
additional small reservoirs, including ponds on intermittent 
streams and isolated ponds used for irrigation and stock 
watering (Cowie. 2002: Davis, 2003: Georgia Spatial Data 
Infrastructure, 2006). Little is known about the hydrologic 
effects of these numerous farm ponds on ACF streamflow. In 
a detailed hydrologic study conducted in a stream basin with 
many stock-water reservoirs in an arid region (Wyoming). 
water losses aurihutahle to reservoirs were about 30 percent 
of total basin streamflow (Culler, 196 1 ). A similar hydrologic 
study is needed to determine the effects of reservoirs on 
streamtlow in the humid southeastern United States. 

Increases in impervio us s111faces from urbanization 
have occurred in the ACF Basin. with the greatest increases 
occurring in metropolitan Atlanta. Increases in frequency and 
magnitude of high nows, and other changes in streamtlow 
characteristics, are known to occur as a resu lt of increased 
imperviousness (Bledsoe and Watson, 2001: Leopold and 
others, 2005). In the Upper Chattahoochee River basin. tribu­
tary stream basins with the largest percentage of impervious 
area had the highest peak flood flows (Rose and Peters. 200 I) 
and the lowest baseflows (Calhoun and others, 2003). The 
degree to which this change in land use has changed mainstem 
streamllow is unknown. Updated estimates of the percentage 
of the watershed covered with impervious surfaces are needed. 
along with a better understanding of the runoff characteristics 
that existed in those areas prior to urbanization. 

As described in figure 3. effects of water-level decline are 
the same for floodplain habitats regardless of the cause. Thus a 
comprehensive assessment of the impact or hydrologic altera­
tions on floodplain habitats should address the combined effects 
of long-term changes in both channel conditions and the amount 
of water delivered from upstream. Water-level changes result­
ing from changes in flow. however. arc complex because of 
substantial seasonal and annual variability. In addition, the effect 
of flow changes on duration of inundation varies with the loca­
tion along the river. similar to the variability that occurs with 
channel changes. Although a full description of the effects of 
fl ow changes is not within the scope of this study, the. combined 
effects of water-level change anributable to both channel 
changes and flow changes at one site (Blountstown gage) are 
presented for comparison purposes in figure 28. 
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During typical or median conditions (fig. 28A), changes 
in the seasonal distribution of flows have diminished the effect 
of channel change in the fal l and winter. with large enough 
increases in February discharges to entirely cancel out the 
effects of channel change. In the spring and summer, however. 
decreased flows during median conditions have added to the 
effect of channel change in 5 consecutive months (April­
August). During median conditions, the total water-level 
decline in April attributable to both channel change and flow 
changes is 4.3 ft ( 1.8 ft from channel changes plus 2.5 ft from 
flow changes). 

During drought conditions (fig. 28B). total water-level 
declines in April, May, July, and August (3.5-4.1 ft) are 
approximately double the decline caused by channel change 
alone. Drought conditions in this figure refer to flows that are 
equaled or exceeded 90 percent of the time. which over the 
long-term represent conditions that occur on average I year 
out of every I 0. 

The combined effects of channel changes and fow changes 
are depicted in figure 28 for only one site (Blountstown gage), 
so the reader is cautioned that total water-level declines at sites 
with large channel-change declines can be greater than those 
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figure 28. Long-term water-level changes attributable to the isolated effects of flow changes and channel changes, and their 
combined effect, at the Blountstown streamgage on the Apalachicola River, Florida, during (A) typical (median) flow conditions, 
and (B) drought conditions. In this figure, drought conditions represent flows that were equaled or exceeded 90 percent of the 
time. Water-level changes caused by changes in discharge were determined from the difference between earlier (1929-58) 
and later (1975-2004) discharge data from the Chattahoochee streamgage from figure 27C and E, using the recent Blountstown 
stage-discharge relation in figure 6. Water-level declines caused by channel changes were determined from the difference 
between pre-dam (pre-1954) and recent (1995-2004) stage calculations (using Blountstown stage-discharge relations in figure 6) 
for the 1975- 2004 discharges shown in figure 27C and E. 



shown. For example, the total wate r-level decline in April 
during drought conditions exceeds 5 ft al RM 35 (2.8 ft from 
channel changes plus 2.3 ft from flow changes) and is abou t 
7 ft at Chattahoochee gage (4.7 ft from channel changes plus 
2.3 fl from flow changes). 

The observed declines in spring and summer flows are 
important because water levels influence many important 
biological processes during that time of year, with sensitive 
species especially vulnerable during drought conditions in hot 
weather. G reatest spawning activity for fishes in floodplain 
habitats of the Apalachicola River occurs in April and May. 
with high levels of spawning activity con tinuing for some 
species throughout the summer (Stephen J. Walsh, USGS. 
written commun., 2006). The need for cool-water refuge in 
floodplain streams for stri ped bass is greatest in the summer 
months when flows are low and river temperatures are high 
(Van Den Avyle and Evans. 1990). Low dissolved oxygen 
concentrations in isolated sloughs are most problematic for 
fish and mussels during summer for the same reasons (low 
flow and high temperature). Spring and early summer are 
the seasons of greatest tree growth (Conner and Day, 1992). 
and probably a lso the seasons when llooding has the largest 
influence on tree composition and recruitment in floodplain 
forests. Consequently, a better understanding of the causes of 
de..:reased spring and summer !low. and the trends in seasonal 
discharge that might be expected in the future. is critical 
in determining the full extent of the effects of long-term 
water-level declines on floodplain habitats and biological 
communities. 

Future trends and potential for restoration- Water­
level decline caused by channel change slowed dramatically 
at some sites and ceased altogethe r at other sites about 20 to 
30 years ago (fig. 5). At the Chattahoochee gage. streambed 
lowering is predicted to continue at a slow rate as long as 
sand continues to be trapped behind Jim Woodruff Dam. In 
a '·worst-case" estimate by USACE. water-level decline was 
projected to be I ft in the nex1 40 years at the Chattahoochee 
gage (US ACE. 200 I a). It is possible that decreased slope in 
the upper 40 mi of the ri ver. evident in a comparison of the 
1956 and 1995 water-surface profiles in figure 4. wi ll serve 
as a counter-balancing influence to downstream-progressing 
rive rbed degradatiun . Future water-level decline in this reach 
may depend on the degree to which this decrease in slope acts 
to decrease both stream ve locities and sand transport. which is 
unknown. 

Partial recovery of the water-level decline at the 
Wewahitchka gage (fig. 5) may have occurred because of 
changes that were made in the navigation project in the 1970s 
to reduce environmental impacts on the ri ver ecosystem. This 
partial recovery indicates that fu ture channel change (except 
for minor deepening that may gradually continue because 
of the presence of the dam) could be minimized by avoiding 
the channel modification activities that caused the observed 
changes. Unfortunately, it is not yet clear which acti vities 
played the greatest role in channel enlargement. particularly 
channel widening. If the specific activities responsible for 
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most of the widening could be identified and halted. there is 
a possibility that the river would narrow by natural processes. 
allowing a more widespread recovery of the water-level 
decline by some as yet unknown amount. Prevention efforts 
will be more effective when the causes of these changes are 
better understood. 

Recovery options to raise water levels in selected reaches 
of the river could have large potential benefits. with low-water 
connec tions and flowing conditions restored to many miles 
of streams and sloughs. and a more natural flood regime 
restored to thousands of acres of floodplain forests. Large­
scale projects, however. can be expensive. questionable with 
regard to feas ibility. and pose the risk of negative unintended 
consequences. 

One example of a potential large-sca le restoration 
project to raise water levels is the rerouting of the river back 
through the bendway of the artific ial meander cutoff at Battle 
Bend (fig. 29). The Battle Bend cutoff. which shortened the 
ri ver by more than a mile, was the largest of seven artificial 
cutoffs and bend easings excavated by the USACE from 
1956 to 1969 along the Apalachicola River. all of w hich 
were located in the lower reach. Although the difficulties 
involved in rerouting a river as large as the Apalachicola could 
prove to be a major engineering and construction endeavor. 
restoring the Battle Bend cutoff might reverse the channel 
deepening that has occurred in this straightened reach of the 
river. raising water leve ls for many miles upstream. Meander 
cutoffs were successfully restored on the Kissimmee River in 
central Florida, resulting in re/loading of lloodplain marshes 
and rapid recovery or biological communities (Toth, 2005: 
Williams and others. 2006). Restoration of a meander cutoff of 
the Apalachicola River, however. may be considerably more 
difficult than bendway restoration on a smaller. lower gradient 
stream like the Kissimmee River. 

Another example of a large-scale restoration project is a 
sand bypass or sand recycling project. which could move sand 
from the reservoir and deposit it in the thalweg of the upper 
reach of the river or move sand upstream t.o the upper reach 
of the river from large dredged material disposal sites in the 
lower reach. Pre liminary evaluations o f similar proposals in 
the Missouri River. however. describe high costs and many 
difficult logislil:al issues involved in sand bypass projects 
(USACE. 200 I b: Engineering and Hydrosyslems. Inc., 2002). 

Local-scale remediation efforts do not raise water levels. 
but can increase the size and connectivity of limited areas 
of aquatic habitat by removing sediments and lowering bed 
e levations in selected sloughs or backwaters. Minor excava­
tion in the mouths of fl oodplain streams and sloughs has been 
conduc ted along the Apalachicola River by the USACE since 
the I 980s in response to environmental concerns about the 
damage done to the river-floodplain system as a result of the 
navigation project. About a dozen small projects have been 
completed. involving excavation amounts ranging from 200 
to 2,500 yd3 (cubic yards) that were limited to areas in the 
mouths or heads of streams within I 00 ft of the main channel 
(USACE. written commun., 2003). 
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Figure 29. Artificial meander cutoff at Battle Bend 
in the lower reach of the Apalachicola River, Florida 
(location shown in fig. 2). This cutoff shortened 

0 0.5 MILE EXPLANATION ----. 

the river by about 6,000 feet (U.S. Army Corps of 
Engineers, 1986). Photograph was taken in 2004 
(source-Florida Department of Environmental 
Protection). 
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DIRECTION OF RIVER FLOW 

One type of local-scale remediation conducted by the 
USACE involved minor excavation of the mouths of pe rennial 
streams, mostly in the upper reach, to create deep pools of 
cool water for striped bass to use as the rmal refuge. The first 
project of this type was conducted in 1997 in Blue Spring 
Run (fig. 2). Since then. five other cool-water spring runs and 
creeks in the upper reach and one stream in the upper part 
of the middle reach were dredged at their mouths to provide 
thermal refuge habitat at a discharge of 8,500 ft 3/s (USACE, 
written commun., 2003). These efforts were temporarily 
successful. but in most cases. creek mouths began to accu­
mulate sediments within I to 3 years (Long, 2004; Striped 
Bass Technical Task Force, 2005). Excavation of thermal 
re fuge streams is needed on a regular basis to assure long­
term benefits (Charles L. Mesing, Florida Fish and Wildlife 
Conservation Commission, written commun .. 2006). 

Minor excavation of sediment blockages by the USACE 
in one middle reach slough and two lower reach sloughs was 
intended to increase connectivity between interior reaches 
of the sloughs and the main river channel. This excavation 
did not increase connectivity to any great extent. however. 
because additional internal sills continued to control the 
hydrologic connection to the main channel. Little is known 
about the mechanisms responsible for sediment blockages in 
middle and lower reach sloughs. Sand from dredged material 
disposal was apparently responsible for sediment blockages at 

some locations. Water-level decline in the middle and lower 
reach (not generally understood prior to this report) reduced 
connectivity of streams as well. Streambed elevations probably 
remained the same when river levels declined, causing many 
sloughs to be shallowly connected or disconnected from the 
main channel-a problem that probably cannot be remedied 
by minor excavation at the slough head or mouth. 

FFWCC is currently involved in the fina l phases of a local­
scale project for fisheries enhancement involving excavation of 
a large volume of sediments (64,000 yd3) to remove a sill that is 
obstruc ting the lower arm of Battle Bend (fig. 29). The project 
is intended to create backwater habitat that will be connected 
to the main river channel at the currently maintained minimum 
flow of 5.000 ft3/s. FFWCC plans to continue local-scale 
enhancement of this type and may explore the feasibility of 
large-scale projects in coming years (Michael J. Hill. Florida Fish 
and Wildlife Conservation Commission, oral commun .. 2006). 

In addition to excavation projects, improved conditions 
in floodplain habitats can also be accomplished by increasing 
flows in the spring and summer. For long-term changes in 
flow to occur. management solutions. such as increased water 
conservation, additional growth-management policies, and 
changes in reservoir operations, would be needed throughout 
the basin. Scientific investigations are needed to provide the 
supporting information necessary to evaluate and prioritize 
possible management solutions. 



Research Needs 

Natural conditions and anthropogenic influences are 
constantly changing in this complex river-floodplain system 
and in the large tri-state basin of which the Apalachicola is a 
part. Research needs change as well. both in terms of chang­
ing management priorities as well as changing environmental 
conditions. The following discussion is intended 10 high­
light some of the key issues regarding water-level declines 
caused by both channel changes and flow changes that. to 
the authors' knowledge at the time of this writing (2006). 
have not yet been adequately addressed by the sc ienti lie 
community. 

Although it is apparent that channel changes in the 
Apalachicola River were caused by some combination of 
various channel modifications (dam construction, meander 
cutoffs. dredging, dredged material disposal, and woody 
debris removal). the relative contribution of each of these 
activi ties is not known. Additionally. the precise geomorphic 
mechanisms that caused widespread channel widening 
are unclear. A geomorphological study, addressing fluid 
mechanics, sediment transport. bank erosion, and the history 
of mechanica lly removed sediment. is needed to determine 
which of these past actions played the greatest role in channel 
widening. based on the river's response to past actions. This 
research wou ld provide a basis fo r evaluating the potential 
erosion and sedimentation effects of all future proposals to 
modify the channel , whether for navigational improvement. 
restoration. or other purposes. In add ition. the study results 
could he used to develop a plan that details the actions (and 
inactions) needed to encourage channel narrowing and allows 
for the recovery o f the water-leve l dedine to the greatest 
extent possible. 

A better understanding of geomorphological processes 
is also needed to answer important practical questions about 
sedimentation at sites being considered for local-scale remedi­
ation. Answers are needed to estimate the time it may take for 
sediments to accumulate after remediation so that the need for 
repeated excavation can be more accurately predicted. Where 
does sedimentation occur and at what rates'1 What is the travel 
path of sediment deposited in sloughs? ls sediment de livered 
to sloughs during high-flood events wi th water passing over 
the floodplain or during lower stages with water primarily 
conta ined within banks0 ls the sediment composed of sand 
(which could only have been delivered from the main channel 
during high discharges)? Is it belier to open the upstream end. 
the downstream end. or both ends o f a cutoff oxbow in order 
to reduce subsequent sedimentation rates? Analyzing relevant 
historical data and monitoring sedimentation in sloughs is 
needed to address these questions. 

The long-term changes in monthly discharges depicted 
in ligure 27. and the resulting water-level changes shown 
in ligure 28. provide useful preliminary information about 
trends in flow ; however. this analysis is limited in scope 
and provides Jillie information about the causes of the flow 
changes. A more comprehensive statistical analysis of 
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flow-climate re lations in the ACF Basin. based on observed 
discharges at the Chattahoochee gage in re lation to meteo­
rological data throughout the upstream watershed. is needed 
to understand the relative contribu tion of various natural 

and anthropogenic causes. A baseline flow-climate model 
could be developed by determining the amount of water that 
hi storically was delivered from the upstream watershed under 
a specified set of meteorological conditions. Such a model 
could be used to calculate differences between expected and 
observed tlows in recent pe riods under similar meteorological 
conditions. Departures from expected streamflow could be 
compared to data on flow regulation. water use, and other 
anthropogenic influences to determine the relative contribu­
tion of nonclimatic (anthropogenic) factors Lo streamflow 
changes. The model could be used to estimate future changes 
in flow, based on potential changes in reservoi r operation 
practices. changes in water use. or other changes. The model 
also could be used as a future real-time monitoring tool. 
w ith the potential to detect flow deficits that may not have 
been expected. Research based on flow-climate relations 
could complement recent work accomplished by USACE lo 
reconstruct natural flows by making adjustments of observed 
flows based on known human influences (USACE. 1996, 
2004). with each type of model serving as a cross-check for 
the other. 

An equally critical research need that would he lp 
e lucidate causes of decreased spring and summer flow is to 
update the comprehensive basin wide database of ACF water 
use that was last conducted using 1990 data (Marella and 
others. 1993). In that report. agricultural , municipal. and 
industrial waler-use data collected every 5 years from 1970 
to 1990 were presented to provide data on current water 
u~e at the time ( 1990) and to describe historical trends in 
water use for the 20 years leading up to that time. This time 
series data for water use has been helpful for documenting 
the history of anthropogenic influences in the basin and for 
providing trends upon which future projections of water 
consumption can be based. Up-lo-date water-use data for the 
three most recent 5-year cycles. 1995. 2000, and 2005, are 
needed. particularly in light of the large increases in popula­
tion that have occurred in the basin since 1990. and the large 
future increases projected for metropolitan Atlanta (Atlanta 
Regional Commission. 2006). 

Continued research is needed to address the causes of 
hydrologic alterations and to bette r understand their e ffects on 
biological communities of the Apalachicola River floodplain. 
If declining populations of floodplain species are detected 
early, investigations of causal factors and possible solutions 
might lead to timely preventative measures. An understanding 
of biological responses to hydrologic change can he lp guide 
the design and prioritization of restoration efforts on the river. 
and wil l be needed to monitor the health o f aquatic organisms 
and forest communities over time, as changing priorities for 
flow regulation and basinwide changes in land and water use 
influence the future fl ow regime of the river. 
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Summary and Conclusions 

This report describes the magnitude and extent of the 
water-level decline that occurred in the nontidal Apalachicola 
River from 1954 to 2004 as a result of long-term changes in 
stage-discharge relations. In the upper reach of the river, which 
starts at Jim Woodruff Dam at the head of the river I 06.4 mi 
(mi le) upstream from the mouth and extends to rm (river mile) 
77.5. the water-level decline has been known and generally 
described in previous reports and is described in more detail 
in this report. The magnitude and extent of the water-level 
decline in the middle reach (rm 41.8 to rm 77.5) and nontidal 
lower reach (rm 20.6 to rm 41.8), which is presented in detail 
in this report, has not been reported previously. 

Channel widening and deepening. which ocrnrred 
throughout much of the river. apparently caused the water­
level decline. The channel enlargement occurred primarily as a 
gradual erosional process over two to three decades, probably 
in response to the combined effect of the dam, river straight­
ening, dredging. dredged materia l di sposal. woody debris 
removal, and other activities along the river. Although navi­
gational improvements have been made on the Apalachicola 
River since the I 800s. channel modifications were conducted 
with greatest intensity from I 954 to the 1970s. 

Periods of low water levels are now more frequent and 
longer in duration than prior to 1954. resulting in longer 
periods during which floodplain streams are dewatered, 
isolated . or not flowing. and swamps and bottomland hard­
wood forests are dry. Protection and restoration of biological 
habitats and communi ties was the primary motivation for 
this research, which was conducted in cooperation with the 
Florida Fish and Wildlife Conservation Commission to assist 
in fisheries enhancement of off-channel aquatic habitat of 
the Apalachicola River floodplain. Understanding how much 
water-level decline has occurred, which reaches of the river 
have been most affected. and why the decline has occurred 
were necessary first steps in finding solutions to the problems 
created by declining water levels. 

The magnitude of water-level decline caused by channel 
changes was determined by comparing pre-dam stage (prior to 
1954) and recent stage (1995-2004) in re lation to discharge. 
Long-term stage data for the pre-dam and recent periods from 
five streamflow gaging stations were related to discharge 
data from the upstream-most gage at Chattahoochee, Florida. 
using a procedure involving streamllow lag times. Differences 
between pre-dam and recent relations a re greatest at low flows. 
and gradually decrease with increasing discharge to a point at 
which the two relations merge, informa lly called the "joining 
point." This point is the stage or discharge above which the 
proportion of flow moving over the floodplain is large enough 
that physical changes that occurred in the main river channel 
at that site have no noticeable effect on ri ver stage. The joining 
point is 10 ft (feet) above the top of the natural riverbank levee 
at the upstream-most site where the floodplain is about 10 
times the width of the main channel, and gradually decreases 

with distance downstream until it is nearly the same height 
as the natural riverbank levee in the nontidal lower reach 
where the lloodplain is about 100 times the width of the main 
channel. 

The pre-dam and recent stage-discharge re lations at the 
streamgage locations were used in combination with low-
llow water-surface profile data from the U.S. Army Corps 
of Engineers to estimate magnitude of water-level decline at 
c losely spaced locations (every 0. 1 mi) a long the river. Data 
included in digital files on a compact disk attached to this 
report can be used to calculate the water-level declines for any 
discharge at any of the closely spaced locations. 

Water-level decline varied with location a long the river, 
with the largest stage declines occurring at low flows. The 
largest water-level decline, 4.8 ft, occurred a t rrn 105.7, 
just downstream from Jim Woodruff Dam, and water-level 
declines progressively decreased downstream to I ft at rm 66. 
The large water-level decline downstream from the dam was 
caused primarily by the dam, because sediment trapped in the 
reservoir was not available to replace sand naturally scoured 
from the bed and transported downstream by the river. This 
process acted to lower the e levation of the riverbed, and was 
probably exacerbated by dredging of streambed sediment 
to improve navigation. River mile 66 probably marks the 
downstream limit of the influence of Jim Woodruff Dam with 
regard to riverbed degradation. Downstream from rm 66, the 
trend reversed and the decl ine progressively increased to 3 ft 
at rm 38. Although annual maintenance dredging. disposal. 
and woody debris removal occurred along the entire river and 
probably contributed to the relati vely widespread channel 
widening and water-level declines throughout most of the 
river, these activities alone do not explain the large declines 
(2-3 ft) that occurred in the lower reach between rm 33 and 
rm 39. Declines in this vicinity may have been caused. in part. 
by channel straightening activities (meander cutoffs and bend 
casings) accomplished in and downstream from this 6-mi 
reach. Water-level decline decreased downstream from rm 33. 
and was negligible at the approximate upstream boundary of 
the tidal influence of the Apalachicola River at rm 20.6. which 
is to be expected. 

Water-level declines in the river have substantially 
changed long-term hydrologic conditions in more than 200 mi 
of off-channel lloodplain sloughs. streams, and lakes and in 
most of the 82,200 acres of floodplain forests in the nontidal 
reach of the Apalachicola River. Approx imate decreases in 
duration o f lloodplain inundation that occurred as a result of 
water-level decline were estimated based on an analysis of 
daily mean discharge at the Chattahoochee gage from 1995 
to 2004. Decreases in duration of floodplain inundation were 
greatest at low discharges at all sites. For discharges of 5,000 
to 15.000 cubic feet per second, large decreases in percent 
duration of inundation occurred in the upstream-most IO mi 
of the upper reach (20-45 percent), with decreases that were 
nearly as large continuing throughout most of the remaining 
75 mi of the non tidal reach ( I 0-25 percent). 



The nature and magnitude of the hydrologic alterations 
of biological habitats on the floodplain that occurred as a 
result of the water-level declines were described using specific 
examples at three locations. Access to thermal refuge for 
striped bass was reduced by more than half in Flat Creek. a 
cool-water floodplain stream in the upper reach. Moccasin 
Slough. a perennial floodplain stream in the lower reach was 
converted to an intermittent stream with no flow for weeks or 
months during dry years. At a third site in the middle reach of 
the river near Porter Lake. tree composi tion in a tupelo-cypress 
swamp shifted to a drier mix of spec ies. and the swamp could 
change 10 a different and drier forest type over time. Many 
other types of biological habitats have been affected by an 
increase in frequency and duration of nonllowing. hydrologi­
cally disconnec ted. hypoxic. and dewatcred conditions in the 
floodplain. 

Water-level decline caused by physical changes in the 
channel is probably the most serious anthropogenic impact 
that has occurred so far in the Apalachicola River and flood­
plain. This decline has been exacerbated, however, by long­
term reduc tions in spring and summer tlow, especially during 
drought pe riods. Although no trends in total annual flow 
volumes were detected, long-term decreases in discharge for 
April, May. July, and August were apparent, and water-level 
declines during drought conditions resulting from decreased 
discharge in those 4 months were similar in magnitude to 
the water-level declines caused by channel changes. These 
changes in monthly flows have large impacts on floodplain 
biota, because many important biologica l processes are 
influenced by floodplain inundation in spring and summe r. 
Furthe r research on flow-climate relations. linking discharge 
in the river to the meteorological conditions in the basin. is 
needed to understand the re lati ve contribution of natural and 
anthropogenic causes of the observed declines in spring and 
summer tlow. 

C hannel restoration to raise water levels could have 
large benefits for many miles of tloodplain streams and 
thousands of acres of fl oodplain forest: however, restoration 
projects of this type typically arc major engineering interven­
tions that are expensive and logistically difficult to conduct. 
Restoration of floodplain streams and sloughs conducted 
so far have been small, local-sca le excavation projects with 
relative ly short-lived benefits (1-3 years). Geomorphic 
evaluations of proposed excavation projects for restoration , 
navigational improvements, or other purposes. are needed 
to optimize the success of such activities and to avoid unin­
tended consequences that could lead to further water- level 
declines. Scientific studies aimed at understanding the prec ise 
geomorphic mechanisms that caused the channe l widening, 
which remain unclear. are needed to assess the possibility of 
recovery by channel narrowing. Understanding the processes 
that de liver and deposit sediment in sloughs and o ther flood­
plain channe ls. which as yet is poorly known. will improve 
the success of future projects designed to enhance fisheries 
habitat. Continued research on biological communities in the 
floodplain is needed to assist in design and prioritization of 
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restoration, and to moni tor the health o f aquatic organisms and 
forest communities as changes in water managemen t and land 
use in this large tri-state basin affect the future flow regime of 
the Apalachicola River. 
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A. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- full range of discharges 

-- PRE-DAM RELATION- Developed forthis report. 
-- RECENT RELATION-Developed for this report. 
-- PERIOD-OF-RECORD RELATION-For high flows of 188,000 

cubic feet per second or greater, developed for this report. 
AVERAGES BY INCREMENT FOR PRE-DAM DAILY 

MEAN VALUES-Less than 188,000 cubic feet per second. 

• AVERAGES BY INCREMENT FOR RECENT DAILY 
MEAN VALUES-Less than 188,000 cubic feet per second. 

~ AVERAGES BY INCREMENT FOR PERIOD-OF-RECORD DAILY 

~ I 
MEAN VALUES-Of 188,000 cubic feet per second or greater. 
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Appendix I. Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida. 
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B. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- discharges less than 60,000 cubic feet per second 

-- PRE-DAM RELATION- Developed for this report. 
-- RECENT RELATION-Developed for this report. 

AVERAGES BY INCREMENT FOR PRE-DAM DAILY MEAN VALUES 
• AVERAGES BY INCREMENT FOR RECENT DAILY MEAN VALUES 
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Appendix I. (Continued) Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida. 
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C. Stage-discharge relations with daily mean values 
· full range of discharges 

-- PRE-DAM RELATION-Developed for this report. 
-- RECENT RELATION-Developed for this report. 

PERIOD-OF-RECORD RELATION-For high flows of 188,000 
cubic feet per second or greater, developed for this report. 

PRE-DAM DAILY MEAN VALUES-Less than 188,000 cubic feet per second. 
RECENT DAILY MEAN VALUES-Less than 188,000 cubic feet per second. 
PERIOD-OF-RECORD DAILY MEAN VALUES- Of 188,000 cubic feet per second or greater. 
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Appendix I. (Continued) Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida. 
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D. Stage-discharge relations with daily mean values 
• discharges less than 60,000 cubic feet per second 

-- PRE-DAM RELATION- Developed for this report. 
-- RECENT RELATION- Developed for this report. 

PRE·DAM DAILY MEAN VALUES 
RECENT DAILY MEAN VALUES 
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Appendix I. (Continued) Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida. 
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E. Stage-discharge relat ions with discharge measurements and recent USGS ratings No. 36 and 37 
- full range of discharges 

-- USGS RATING NUMBER 36-0ctober 1, 1994 to September 30, 1997 and 
October 1, 2000 to September 30, 2004. 

~ . ~ . - USGS RATING NUMBER 37-0ctober 1, 1997 to September 30, 2000. 
-- PRE-OAM RELATION- Developed for this report. 
-- RECENT RELATION- Developed for this report. 
-- PERIOD-OF-RECORD RELATION-For high flows of 188,000 

cubic feet per second or greater, developed for this report. 

• PRE-DAM DISCHARGE MEASUREMENTS-Made at flows 
less than 188,000 cubic feet per second. 

• RECENT DISCHARGE MEASUREMENTS-Made at flows 
less than 188,000 cubic feet per second. 

0 PERI OD-OF-RECORD DISCHARGE MEASUREMENTS- Made at flows 
of 188,000 cubic feet per second or greater. 
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Appendix I. (Continued) Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida. 
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F. Stage-discharge relations with discharge measurements and recent USGS ratings No. 36 and 37 
- discharges less than 60,000 cubic feet per second 
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USGS RATING NUMBER 36--0ctober 1, 1994 to September 30, 1997 and 
October 1, 2000 to September 30, 2004. 

USGS RATING NUMBER 37- 0ctober 1, 1997 to September 30, 2000. 
PRE-DAM RELATION- Developed for this report. 
RECENT RELATION- Developed for this report. 
PRE-DAM DISCHARGE MEASUREMENTS 
RECENT DISCHARGE MEASUREMENTS 
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Appendix I. (Continued) Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida. 
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A. Stage-discharge relations with averages of daily mean values in selected discharge increments 
• full range of discharges 

-- PRE-DAM RELATION 
-- RECENT RELATION 
-- PERIOD-OF-RECORD RELATION-For high flows of 135,000 cubic feet per second or greater. 

AVERAGES BY INCREMENT FOR PRE-DAM DAILY MEAN VALUES- Less than 135,000 cubic feet per second. 
• AVERAGES BY INCREMENT FOR RECENT DAILY MEAN VALUES-Less than 135,000 cubic feet per second. 
~ AVERAGES BY INCREMENT FOR PERIOD-OF-RECORD DAILY MEAN VALUES- Of 135,000 cubic feet per second or greater. 
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Appendix II. Stage at the Blountstown stream gage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 1 day, as defined in glossary. 

I!! 

I 
;" 
i;-
< 
!?. 
c:, 
CD 
2. 
=· CD 

=· 
S, 
CD 
J:> ,:, 
Ill = n 
::r 
r=;· 
= = :a 
•=" CD 
!"I .., 
Q 
:::!. 
Cl. 
!'l -0 
3 

i 
S' 
N 

J 
Ill = Cl. 

~ 
CD n 
Ii: 
= = .., 
Q 
= Cl. 
,:, 

= =· 
::c 
Ill 
1:1" ~-
Ii: 



50 ~~~-~~~-~~~~~~~~-~~~-~~~~-~~~-~~~-~~~~-~~~-~~~-~~ 

a, 
N 
a, 

Cl 
> 
(.!) 

z 
LU 
> 
0 
ID 
<{ 

45 

t;:; 40 
LU 
LL 

z 
u.J 
(.!) 
<{ 
(.!) 

z 
$ 
0 

t;:; 35 
t-z 
::> 
0 
_J 

ID 

~ 
LU 
(.!) 

~ 
U) 

30 

B. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- discharges less than 60,000 cubic feet per second 

-- PRE-DAM RELATION 
-- RECENT RELATION 

AVERAGES BY INCREMENT FOR PRE-DAM DAILY MEAN VALUES 
• AVERAGES BY INCREMENT FOR RECENT DAILY MEAN VALUES 
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Appendix II. (Continued) Stage at the Blountstown streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 1 day, as defined in glossary. 
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C. Stage-discharge relations with daily mean values 
- full range of discharges 

- - PRE-DAM RELATION 
-- RECENT RELATION 
-- PERIOD-OF-RECORD RELATION-For high flows of 135,000 cubic feet per second or greater. 

PRE-DAM DAILY MEAN VALUES-Less than 135,000 cubic feet per second. 
RECENT DAILY MEAN VALUES-Less than 135,000 cubic feet per second. 
PERIOD-OF-RECORD DAILY MEAN VALUES-Of 135,000 cubic feet per second or greater. 
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Appendix II. (Continued) Stage at the Blountstown streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 1 day, as defined in glossary. 
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D. Stage-discharge relations with daily mean values 
- discharges less than 60,000 cubic feet per second 
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Appendix II. (Continued) Stage at the Blountstown streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 1 day, as defined in glossary. 
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A. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- full range of discharges 

-- PRE-DAM RELATION 
-- RECENT RELATION 
- - PERIOD-OF-RECORD RELATION- For high flows of 65,000 

cubic feet per second or greater. 
AVERAGES BY INCREMENT FOR PRE-DAM DAILY 

MEAN VALUES-Less than 65,000 cubic feet per second. 
• AVERAGES BY INCREMENT FOR RECENT DAILY 

MEAN VALUES-Less than 65,000 cubic feet per second. 
o AVERAGES BY INCREMENT FOR PERIOD-OF-RECORD DAILY 

MEAN VALUES-Of 65,000 cubic feet per second or greater. 
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Appendix Ill. Stage at the Wewahitchka streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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B. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- discharges less than 60,000 cubic feet per second 

-- PRE-DAM RELATION 
-- RECENT RELATION 
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PRE-DAM DAILY MEAN VALUES 

• AVERAGES BY INCREMENT FOR 
RECENT DAILY MEAN VALUES 
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Appendix Ill. {Continued) Stage at the Wewahitchka streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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C. Stage-discharge relations with daily mean values 
- full range of discharges 

-- PRE-DAM RELATION 
-- RECENT RELATION 
-- PERIOD-OF-RECORD RELATION-For high flows of 65,000 cubic feet per second or greater. 

PRE-DAM DAILY MEAN VALUES- Less than 65,000 cubic feet per second. 
RECENT DAILY MEAN VALUES-Less than 65,000 cubic feet per second. 
PERIOD-OF-RECORD DAILY MEAN VALUES- Of 65,000 cubic feet per second or greater. 
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Appendix Ill. (Continued) Stage atthe Wewahitchka streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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D. Stage-discharge relations with daily mean values 
- discharges less than 60,000 cubic feet per second 
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Appendix Ill. (Continued) Stage at the Wewahitchka streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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A. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- full range of discharges 

--------
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- - - ESTIMATED PRE-DAM RELATION 
-- RECENT RELATION 

------
-

- - ESTIMATED RELATION-For high flows of 100,000 cubic feet per second 
or greater, based on July 1994 flood peak. 
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Appendix IV. Stage at the RM 35 streamgage in relation to discharge at the Chattahoochee stream gage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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B. Stage-discharge relations with averages of daily mean values in selected discharge increments 
- discharges less than 60,000 cubic feet per second 
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Appendix IV. (Continued) Stage at the AM 35 streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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C. Stage-discharge relations with daily mean values 
- full range of discharges 

-
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ESTIMATED PRE-DAM RELATION 
RECENT RELATION 

----

ESTIMATED RELATION-For high flows of 100,000 cubic feet per second 
or greater. based on July 1994 flood peak. 

PRE-DAM VALUES-From 1951-56 USACE water-surface profiles. 
RECENT DAILY MEAN VALUES 

• DAILY MEAN VALUES DURING PEAK OF JULY 1994 FLOOD- Adjusted 
from RM 36 gage data. 
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Appendix IV. (Continued) Stage at the RM 35 streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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D. Stage-discharge relations with daily mean values 
- discharges less than 60,000 cubic feet per second 
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ESTIMATED PRE-DAM RELATION 
RECENT RELATION 
PRE-DAM VALUES- From 1951-56 USACE water-surface profiles. 
RECENT DAILY MEAN VALUES 
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Appendix IV. (Continued) Stage at the RM 35 streamgage in relation to discharge at the Chattahoochee stream gage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 2 days, as defined in glossary. 
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A. Stage-discharge relation with averages of daily mean values in selected discharge increments 
- full range of discharges 
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Appendix V. Stage at the Sumatra streamgage in relation to discharge at the Chattahoochee stream gage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 3 days, as defined in glossary. 
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B. Stage-discharge relation with averages of daily mean values in selected discharge increments 
- discharges less than 60,000 cubic feet per second 

-- PERIOD-OF-RECORD RELATION 
~ AVERAGES BY INCREMENT FOR PERIOD-OF-RECORD DAILY MEAN VALUES 

a ~~~~~~-~~~~~~~~-~~~~~~~~~~~~-~~~~~~~~~~~~-~~~~~~~ 
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DISCHARGE AT CHATTAHOOCHEE GAGE, IN CUBIC FEET PER SECOND 

Appendix V. (Continued) Stage at the Sumatra streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 3 days, as defined in glossary. 
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C. Stage-discharge relation with daily mean values 
- full range of discharges 

-- PERIOD OF RECORD RELATION 
PERIOD-OF-RECORD DAILY MEAN VALUES 
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DISCHARGE AT CHATTAHOOCHEE GAGE, IN CUBIC FEET PER SECOND 

Appendix V. (Continued I Stage at the Sumatra streamgage in relation to discharge at the Chattahoochee stream gage in the Apalachicola River, Florida. 
Relations were developed using a lag time of 3 days, as defined in glossary. 
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D. Stage-discharge relation with daily mean values 

9 
- discharges less than 60,000 cubic feet per second 
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Appendix V. (Continuedl Stage at the Sumatra streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida. 

Relations were developed using a lag time of 3 days, as defined in glossary. 
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Appendix VI. Formulas defining stage-discharge relations developed from long-term streamgage data on the Apalachicola River, Florida. 

[Stage-discharge relations developed for this report relate stage at all gages to disc harge at Chanahoochee gage using lag times as defined in glossary. A hand-drawn line was fitted through the averages of daily mean 
values in selected discharge increments (shown in graphs A and B o f appendixes 1-V). The points defining the hand-drawn line were entered into a curve-fitting software program to generate the formulas shown here. 
NOTE: Relations were developed only for the specific range of discharges indicated. Symbols used in formulas: y. stage at gage site: x. discharge at Chattahoochee: LN. natural logari thm of: A. raised to the power of: 

*. times: /. divided by: SQRT. square mot of. ft'/s. cubic feet per second] 

Name of 
stage-discharge reletion 

Chattahoochee pre-dam 

Chattahoochee recent 

Chanahoochee period o f record 
( discharges greater than 

188.000 ft1/s) 

Blountstown pre-dam 

Blountstown recent 

Blountstown period of record 
(discharges greater than 

135,000 ft1/s) 

Wewahitchka pre-dam 

Wewahitchka recent 

Wewahitchka period of record 
(discharges greate r than 

65.000 ftJ/s 

RM 35 estimated pre-dam 

RM 35 recent 

RM 35 estimated high fl ow 

Sumatra period of record 
(discharges less than 

I 00.000 ft' /s) 

Sumatra period of record 
(discharges greater than 

100,000 ft3/s) 

Range of discharges for 
indicated 

relation, in ftl/s 

5.000 to 188.000 

5,000 to 188,000 

188.000 to 291.000 

5,000 to 135,000 

5.000 to 135.000 

135,000 to 29 1,000 

5,000 to 65.000 

5,000 to 65,000 

65.000 10 203.000 

5,000 to 52,000 

5.000 to 100,000 

I 00,000 to 203,000 

5.000 to 100.000 

I 00,000 to 227,000 

Formula !hat defines intlicatecl relation (fint formula, in bohl italics, emphasizes f- of •..Ilion and depicts coefficients using 
letters I through h; second formula includes appropriate numeric values for coefficients; 

other symbols explained in header) 

y=(a+cLNx+e(LNx)"2+g(LNx)AJ)/(l+bLNx+d(LNx)A2+f(LNx)"3) y=(36.46419+-8.759358*LN(x)+ 

0.7013277 *LN(x)*LN(x)+-0.0 I 857202*(LN(x ))A 3)/( 1+-0 .2476923*LN(x)+0.020508 7*LN(x)*LN(x)+-0.0005656828*(LN(x ))A 3) 

y=(a+cL Nx+e(LNx)A2+g(LNx)A 3)/(J+bLNx +d(LNx)"2+f(LNx)" 3) y=(32. 701 29+-7.959521 • LN(x)+ 

0 .6462684 • LN( x )*LN ( x)+-0 .0 I 7267 82 *(LN(x) )A 3 )/( I +-0 .25065 87 * LN ( x )+0.02 10629* LN (x)* LN( x )+-0.0005 899609*(LN ( x) )A 3) 

y=a+bxA( I .5)+cLNxlx"2 
y=7 I .502+0.000000063368*x*SQRT(x)+-6 145800000*LN(x)/(x*x) 

y=(a+a"(0.5)+ex)l(l+bx"(0.5)+dx+fx"(l.5)) y=(25.7675+-0 .169116*SQRT(x)+0.000707624*x)/ 

( 1+-0.00795382*SQRT(x)+0.00003010 I 9*x+-0.0000000 I 95457*x *SQRT(x)) 

y=(a+cxA(0.5)+ex+gx " ( J.5))/( I +bxA(0.5)+dx+fxA( 1.5 )) y=( I 6 .2468+0.08384 I5*SQRT(x)+-0.00158704 *x+ 

0.00000505012*x*SQRT(x ))/( I +-0.00602802*SQRT(x)+-0.00000 I 3423*x+0.0000000613884*x *SQRT(x)) 

y=a+bx+clx"(0.5)+dLNxlx+e/x 
y=-3 I 9.484+o.OOO I 64829*x+452543/SQRT(x)+-38552700*LN(x)/x+ 336092000/x 

y=a+b/ LNx+cl(LNx)A2+dl(LNx )A J+el(LNx) A4+f/(LNx)A5 y=36019.307+-1730956/LN(Al3)+3316 l 881/(LN(Al3)JA2+ 

-316295790/(LN(Al3))A3+ 1501669600/(LN(Al3))A4+-2839282900/(LN(Al3))A5 

y =(a+cxA(0.5)+ex+gx"(l.5))/(l+bx"(0.5)+dx+fx"(l.5)) y=(-6.04395+0.407601 *SQRT(x)+-0.00355355*x+ 

0 .00000911464 • x *SQ RT( x) )/( 1 +-0 .000205626* SQRT( x)+-0 .000067983 7*x +o.000000255263 • x *SQRT( x)) 

y=(a+cLNx+e( LNx)A 2+g( LNx )A J )I( I +bLNx+d( LNx )" 2+!( LNx)A 3) 

y=( I 4.23322839+-3. l I 5040943*LN(x)+0 .2199988079*LN(x)* LN(x)+-0.00493021 6433*(LN(x))A 3)/ 

( I +-0.2360226768*LN(x)+0.0 184 I I 3499*LN(x)*LN(x)+-0.0004 736537 I 39*(LN(x))A3) 

y=a+bx+cx"2+dx"2/nx+ex"(2.S) 
y=-0.04 l 366+o.002 I 784*x+-0.00000072654*x*x+0.0000000714 I 4 • x•x*LN(x)+-0.0000000003694*x•x *SQRT(x) 

y=(a+cx"(0.5)+ex+gx A( J.5))/( I +bx"(0.5)+dx+fx A(J .5)) y=(-9.0383+0.28 I 27*SQRT(x)+-0.00 I 8663*x+ 

0 .0000042952* x *SQRT(x))/( I +-0.0033541 *SQRT(x )+-0 .000020966*x +0.000000 I I 465*x *SQRT(x)) 

y=a+bx y= l 5.307+0.000045 139*x 

y=(a+cx A(0.5 )+ex+gxA( 1.5 ))/( I +bxA(0.5 )+dx+fxA( 1.5 )+hx" 2) 

y=( • 2.03362+0.0956435* SQRT(x)+-0.00 I 05982 *x +0.00000394975 *x * SQRT(x ))/ 

( I +-0.00806881 • SQRT(x)+-0.0000393046*x+0.000000489282*x*SQRT(x J+-0 .000000000548872 *x *x) 

y=a+bx+c/LNx+dlx+elx"(J.5) 
y=2317.753+-0.0003 114299*x+-29250. I/LN(x)+42348710/x+-5028014000/(x *SQRT(x)) 
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Appendix VII. Formulas used to interpolate stage between gages in relation to discharge at the Chattahoochee gage in the 
Apalachicola River, Florida. 

Acronyms used in formulas 
Location-related terms: 

BGS (between-gage site for which interpolated stage-discharge relation is being calculated) 

BGSStg (stage at BGS) 

USG (closest upstream gage to between-gage site) 

USGStg (stage at USG derived from stage-discharge relations based on long-term gage records) 

DSG (closest downstream gage to between-gage site) 

DSGStg (stage at DSG derived from stage-discharge relations based on long-term gage records) 

RM (river mile) 

Terms related ta slope proportions: 
WSP (water-surface profile) 

WSPP (slope proportion calculated from stage in WSP) 

WSPPStg (stage calculated using WSPP) 

DISTP (slope propo11ion based on straight-line RM distance) 

DISTPStg (stage calculated using DISTP) 

A. Calculation of BGSStg in low flow range (Chattahoochee flows of 9,300 ft1/s or less) 
Step 1. 

Pre-dam WSPP for BGS = 

Step 2. 

((USGStg at 9,300 ft3/s) - (BGSStg at 9,300 ft3/s derived from 1956 WSP)) I 

((USGStg at 9,300 ft3/s) - (DSGStg at 9,300 ft'Js)) 

Recent WSPP for BGS = 

((USGStg at 9,300 ft3/s) - (BGSStg at 9,300 ft3/s derived from 1995 WSP)) I 

((USGStg at 9,300 ft3/s) - (DSGStg at 9,300 ft3/s)) 

Step 3 (final step for pre-dam stage I. 
Pre-dam WSPPStg at BGS for given discharge = (pre-dam USGStg at given discharge) -

Other terms: 
JP ijoining point flow) 

JPS (stage at JP) 

AVGP&R (average of pre-dam and recent) 

DIFF9300 (Difference between DISTPStg 

and WSPPStg at 9,300 ftJ/s) 

((pre-dam WSPP for BGS) x ((pre-dam USGStg at given discharge) - (pre-dam DSGStg at given discharge))) 

Step 4 (final step for recent stage). 

Recent WSPPStg at BGS for given discharge = (recent USGStg at given discharge) -

((recent WSPP for BGS) x ((recent USGStg at given discharge) - (recent DSGStg at given discharge))) 

B. Calculation of BGSStg in high flow range I Chattahoochee flows greater than or equal to JP) 
Step 1. 

DISTP for BGS = ((RM of USG) - (RM of BGS)) / ((RM of USG) - (RM of DSG)) 

Step 2. 

Pre-darn DISTPStg at BGS for given discharge = (pre-dam USGStg at given discharge) -

((DISTP at BGS) x ((pre-darn USGStg at given discharge) - (pre-dam DSGStg at given discharge))) 

Step 3. 

Recent DISTPStg at BGS for given discharge= (recent USGStg at given discharge) -

((DISTP at BGS) x ((recent USGStg at given discharge) - (recent DSGStg at given discharge))) 

Step 4 (final step). 

AVP&R DISTPStg at BGS for given discharge= 

((pre-dam DISTPStg at BGS for given discharge) + (recent DISTPStg at BGS for given discharge))/ 2 



Appendix VII 79 

Appendix VII. (Continued) Formulas used to interpolate stage between gages in relation to discharge at the Chattahoochee gage in 
the Apalachicola River, Florida. 

C. Calculation of BGSStg in intermediate flow range (Chattahoochee flows between 9,300 tt.3/s and JP) 
Step 1. (same as B.1.) 

DISTP for BGS = ((RM of USG) · (RM of BGS)) / ((RM of USG) · (RM of DSG)) 

Step 2. 

Pre-dam DISTPStg at BGS for 9,300 ft3/s = (pre-dam USGStg at 9.300 ft3/s). 

((DISTP at BGS) x ((pre-dam USGStg at 9.300 ft3/s) - (pre-dam DSGStg at 9,300 ft3/s))) 

Step 3. 

Recent DISTPStg at BGS for 9,300 fl3/s = (recent USGStg at 9,300 ft3/s) -

((DISTP at BGS) x ((recent USGStg at 9,300 ft3/s) - (recent DSGStg at 9,300 ft3/s))) 

Step 4. 

Pre-dam DIFF9300 at BGS = 

(pre-dam DISTPStg at BGS for 9,300 ft3/s) - (pre-dam BGSStg for 9,300 ft3/s derived from 1956 WSP) 

Step 5. 

Recent DIFF9300 at BGS = 

(recent DISTPStg at BGS for 9,300 ft3/s) - (recent BGSStg for 9,300 ft3/s derived from 1995 WSP) 

Step 6. 

Pre-dam JPS at BGS = (pre-dam JPS at USG) - ((DISTP at BGS) x ((pre-dam JPS at USG) - (pre-dam JPS at DSG))) 

Step 7. 

Recent JPS at BGS = (recent JPS at USG) - ((DISTP at BGS) x ((recent JPS at USG) - (recent JPS at DSG))) 

Step 8. 

AVGP&R JPS at BGS = ((pre-dam JPS at BGS) + (recent JPS at BGS)) / 2 

Step 9. 

JP for BGS = (JP at USG) - ((DISTP for BGS) x ((JP at USG) - (JP at DSG))) 

NOTE: Our calculations were made for selected discharge increments. Therefore, this step includes a process similar to rounding, in which 
a lookup formula selects the largest discharge increment that is less than or equal to the resulting discharge from this formula 

Step 10. (final step for pre-dam stage) 

Pre-dam BGSStg for given discharge (smoothed from pre-dam BGSStg at 9,300 ft3/s from 1956 WSP to AVGP&R JPS)= 

pre-dam DISTPStg at BGS for given discharge -

(((JP for BGS • given discharge)/(JP for BGS - 9300)) x (pre-dam DIFF9300 at BGS)) -

(((given discharge - 9300)/(JP for BGS - 9300)) x ((pre-dam JPS at BGS) - (AVGP&R JPS at BGS))) 

Step 11 . (final step for recent stage) 

Recent BGSStg for given discharge (smoothed from recent BGSStg at 9,300 ft' ls from 1995 WSP to AVGP&R JPS) = 

recent DISTPStg at BGS for given discharge -

(((JP for BGS - given discharge)/(JP for BGS - 9300)) x (recent DIFF9300 at BGS)) -

(((given discharge - 9300)/(JP for BGS - 9300)) x ((recent JPS at BGS) - (AVGP&R JPS at BGS))) 

NOTE: A minor adjustmeni was made in the 1995 WSP data in a 1.5 rm reach from rm 22.2 to 20.7. In that reach (just upstream of Sumatra gage), stage in 
the I 956 WSP was slightly less than the stage in the 1995 WSP. The differences ranged from 0.02 to 0.1 1 feet. At the Sumatra gage. both the 1956 and 1995 
WSP's were higher (by about 0.3 or 0.4 ft) than the stage at 9.300 ft3/s that was detem1ined from long-te rm gage data. Because the 1956 water-surface profile 
more closely matched the long-tenn gage data. it was assumed to be more accurate at that location. and 1995 WSP data were adjusted to match the 1956 
values in this 1.5 nn reach. 



Appendix VIII. Description of attached digital f iles of stage-discharge relations at all streamgages and between gage sites on the Apalachicola River, Florida. 

A. Annotated example of contents of contents of attached digital files. 

[Tables below show example data from pre-dam files for two subreaches. Relations were developed using lag times as defined in glossary. rm. river mile: Chatt, Chattahoochee: Blount. Blountstown; 
Q. discharge: ft-1/s. cubic feet per second. Separate pre-dam and recem files were created for each of the following subreaches (file size in parentheses includes some duplicate relations at gages)] 

Upper I - rm 105.7-91.7 (141 relations with 506 points each) Middle2 - rm 59.6-41.8 (179 relations with 488 points each) 
Uppcr2 - mi 9 I .6-77.5 ( 142 relations with 506 points each) Lower! - mi 41.8-35.3 (66 relations with 488 points each) 
Middle I - rm 77.5-59.7 ( 179 relations with 488 points each) Lower2 - rm 35.3-20.6 ( 148 relations with 488 points each) The first and/or fast 

relation in each reach 
Column headings are river file is at /aqe 

Chatt ' In ft IS - -Q 
J, Upper1 Pre-dam / miles at 0.1 increments Upper2 Pre-dam 

'--.... Chatt ____ ___ _ Blount 

ChattQ gage r ' ChattQ gage 
105.7 105.7 105.6 91 .8 91.~tt Q 105.7 91.6 91.5 77.6 77.5 Chatt Q 

4,500 4,500 ._ Upper1 stops here -4,50'0 4,500 
4,600 Relations start at S,000 W ls for pre- 4,600 and Upper2 picks up...----- 4:600 Blank spaces from 4,500 to 4.900 ft' Is in 4,600 
4,700 dam and 4,S00 ft J Is for recent 4,700 0.1 rm downstream 4,700 pre-dam file allow for row•to-row 4,700 
4,800 4,800 4,800 comparisons with recent file. 4,800 

iii' 
0 

~ 4,900 4,900 4,900 4,900 
~ ~ 5,000 44.07 43.41 36.76 36.72 5,000 5,000 36.68 36.64 29.93 29.85 5,000 
.c: 5,100 44.13 43.48 36.83 36.79 5,100 5,100 36.75 36.71 29.99 29,91 5,100 

" 
~ ~ l 1:: [ 29,900 55.13 54.56 48.25 48.22 29,900 29,900 48.18 48.14 41.81 41 .74 29,900 
.s g. { 30,000 55.17 54.59 48.29 48.25 30,000 30,000 48.21 48.17 41.84 41 .77 30,000 
!!f S 30,500 55.34 54.76 48.45 48.41 30,500 30,500 48.38 48.34 42.00 41 .93 30,500 
:ii ~ ~ Values in body of table 
~ -:: are stage, in feet 
t ~ 99,500 67.99 67.62 58.44 99,500 58.32 58.25 49.16 49.08 99,500 ! e 100.000 68.03 67.67 58.4 100,000 58.35 58.29 49.18 49.10 100,000 
e, 1 { 101 ,000 68.13 67.76 58.54 101,000 58.42 58.35 49.22 49.14 101,000 

i -~ g 
., "b C) 

c:i ~ ~ 187,000 74.45 74.37 63.64 63.56 187,000 187,000 63.48 63.41 52.60 52.52 187,000 

0 188,000 74.52 74.45 63.70 63.62 188,00°"-.. 188,000 63.54 63.47 52.64 52.56 188,000 
"' 190,000 74.68 74.60 63.81 63.73 190,000 '-...._ 190,000 63.66 63.58 52.71 52.63 190,000 
E { 195,000 74.99 74.91 64.05 63.98 195,000 ChattQ repeated at end of 195,000 63.90 63.82 52.88 52.80 195,000 
- 8 each file 10 accommodate 

.,; EXCEL 's lookup formula 
285,000 80.19 80.11 67.97 67.88 285,000 285,000 67.79 67.71 55.48 55.40 285,000 
290,000 80.48 80.39 68.18 68.09 290,000 290,000 68.00 67.92 55.62 55.53 290,000 
291 ,000 80.54 80.45 68.22 68.14 291 ,000 291,000 68.05 67.96 55.65 55.56 291 ,000 

8. Organization of files in EXCEL format 11 file with 12 worksheets named as follows) 

I. Upperl_Pre-dam 4. Upper2_Recent 7. Middle2_Pre-dam 

2. Upperl _Recent 5. Middlet_rre-dam 8. Middle2_Recent 

3. Upper2_Pre-dam 6. Middle l_Recent 9. Lower! _Pre-dam 

C. Organization of files in flat file format (12 separate files named as follows) 

I. Upperl_Pre-dam 
2. Upperl _Recent 
1. Upper2_Pre-dam 

4. Upper2_Reccnt 
5. Middlel_pre-dam 
6. Middle I _Recent 

7. Middle2_Pre-dam 
8. Middle2_Recent 
9. Lowerl _Pre-dam 

10. Lower l_Recent 
11. Lower2_Pre-dam 
12. Lower2_Recent 

10. Lowcrl _Recent 
I I. Lower2_Pre-dam 
12. Lower2_Recent 

NOTE: Pre-dam and recent relations in this appendix 
include values above the joining point that were derived 
from period-of-record data Thus all points above the 
joining point flow in each pair of pre-dam and recent files 
in this appendix give exactly the same stage. 
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Appendix IX. Water-level decline, at various discharges, that occurred at streamgages and within reaches along the 
nontidal Apalachicola River, Florida, as a result of long-term changes in stage-discharge relations from 1954 to 2004. 

[Data in this table are the same as shown in fi gure 17. Physical changes in the river channel caused the changes in stage-discharge relations: 
thus, the decline is greatest at low discharges when all streamfl ow is contained within the channel, and least at high discharges when much 
of the runoff is flowing over the floodplain. ft1/s, cubic feet per second] 

Change in water level, in feet. at selected discharge 

Selected At geges Averaged by reach 
discharge, 

in 113/s Chana- Blounts- Wewa- Upper Middle Nontidal Entire nontidal 
hoochee town hitchka RM35 Sumatra reach reach lower reach river 

5,000 -4.8 -2.6 - 1.8 -2.9 0.0 -3.4 -1.9 -1.5 -2.3 

10.000 -4.8 -1.8 - 1.5 -2.9 0 .0 -3.0 -1.3 - 1.4 -1.9 

15,000 -4.6 -1.7 - 1.7 -2.6 0.0 -2.9 -1.3 -1.3 -1.8 

20,000 -4.5 -1.8 -1.5 -2.0 0.0 -2.9 -1.3 - 1.0 -1.8 

25,000 -4.4 -1.8 - I.I -1.4 0 .0 -2.8 - I. I -0 .7 -1.6 

30,000 -4.3 - 1.7 -0.8 -0.9 0 .0 -2.8 -0.9 -0.4 -1.4 

40.000 -4.2 - 1.5 -0.4 -0.2 0.0 -2.6 -0.6 -0.1 - I.I 

50.000 -4. 1 - 1.3 -0.2 0.0 0.0 -2.4 -0.5 0.0 -1.0 

60,000 -3.9 - 1.2 -0.1 0.0 0.0 -2.3 -0.4 0 .0 -0 .9 

80,000 -3.4 -0.9 0.0 0.0 0.0 -1.9 -0 .2 0 .0 -0.7 

100,000 -2.7 -0.5 0.0 0.0 0.0 -1.4 -0.1 0 .0 -0.5 

120,000 -2. 1 -0.2 0.0 0.0 0.0 -0.9 0 .0 0 .0 -0.3 

150.000 -I.I 0.0 0 .0 0 .0 0.0 -0.3 0 .0 0.0 -0. 1 

180.000 -0.2 0.0 0 .0 0.0 0.0 0.0 0.0 0 .0 0.0 
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Appendix X. Equivalent-stage discharges, corresponding percent exceedance values, and approximate decreases in percent duration 
of inundation, at various discharges, calculated at gages and within reaches along the nontidal Apalachicola River, Florida, as a result of 
long-term changes in stage-discharge relations from 1954 to 2004. 

[This is a three-part table with the first two pans (A and B) providing data upon which the final data in part C are based. Data in part Care the same as 
shown in figure 19. Equivalent-stage discharges are provided in part A and corresponding percent exceedance values for those discharges arc listed in part 
B. Steps for detem1ining equivalent-stage discharge are illustrated in fig ure I 3. Percent exceedance is the percent of time a specified discharge is equaled 
or exceeded during a given time period. Percent duration of inundation is numerically equivalent to percent exceeda nce in this report (see discussion in 
text). The time period used to calculate exceedance values in part B and approximate decreases in duration of inundation in part C is the recent period 
1995-2004 (October I, 1994 - September 30, 2004). ft'/s, cubic feet per second] 

A. Equivalent-stage discharge that would be required in the recent period to replicate pre-dam stage 

Selected 
Equivalent-stage discharge, in lt3/s 

This is the discharge in step f of figure '3 that would be required in 1h11 recent period 
discharge, in lt3/s to replicate 1h11 pre-dam stege of• s11l11cted disch•'II•· 

This ir thll 
discha'fle in step Atg•ges Averaged by reach 

1 offigure 13 
used to d11t11nnine 

Chatta- Wewa- Upper Middle Nontid• I Entire 
pre-d11m stage Blounts- RM35 Sumatra 

hoochee town hitchka reach reach lower reach nontid• I river 

5.000 13,900 8,200 7. 100 8,400 5,000 10 ,300 7, 100 7.000 8,1 00 

10,000 19.900 13.000 13.000 15,500 10.000 15,700 12,300 12.800 13,600 

15,000 25.700 18,500 20.000 2 1,700 15.000 21.300 18.200 18,600 19,400 

20,000 31 ,500 24,200 26,100 26,900 20,000 27,000 23,900 24,000 24,900 

25,000 37,500 29,900 31.500 3 1,500 25,000 32,700 29,100 28,500 30,100 

30,000 43,500 35,500 36,500 35,000 30,000 38,600 34,100 32.600 35,200 

40,000 56,500 48,000 46.500 42,500 40.000 5 1,300 44,400 41 ,400 45.900 

50.000 70.000 62,000 54,000 50.500 50,000 64,700 54.700 50.500 57,000 

60,000 82,500 75.500 6 1.500 60.000 60,000 77.400 64.500 60 ,000 67,700 

80,000 105,000 94,500 80,000 80,000 80,000 98,000 83,400 80,000 87,400 

100,000 124,000 109,000 100,000 100,000 100,000 114.300 101,400 100,000 105,300 

120.000 139 ,000 123,000 120,000 120,000 120,000 129,000 120,000 120,000 123,000 

150.000 161 ,000 150,000 150,000 150.000 150,000 153.000 150,000 150.000 151.000 

180.000 182.000 180.000 180 ,000 180.000 180.000 179,000 180.000 180.000 180.000 

B. Percent exceedance in recent period (1995-2004) for selected and equivalent-stage discharge values 

Percent 
Percent exceedance for equivalent-stage discharge listed in part A 

Selected exceed- At gages Averaged by reach 
discharge, •ncefor 

in lt3/s selected Chatt•- Blounts- Wewa- RM35 Sumatra Upper Middle Nontidal Entire 
discharge hoochee town hitchka reach reach lower reach nontidal river 

5.000 99.1 50.6 78.5 84.7 77.5 99 .1 67.5 84.6 85.6 78.7 

10.000 68.6 29.3 55.3 55.3 42.8 68.6 41.9 59 .2 56.5 52.8 

15.000 45.3 20.6 33.7 29.0 25.7 45.3 26.4 34.5 33.1 30.7 

20,000 29.0 14.1 22.0 20.1 19.2 29.0 19.1 22.4 22.3 2 1.4 

25,000 21.4 10.9 16.0 14.1 14.1 21.4 13.2 16 .8 17.4 15.8 

30,000 15.9 8.6 11.9 11.4 12.3 15.9 10.5 12.6 13.2 12.2 

40.000 10.2 4.3 6.8 7.3 9.0 10.2 5.7 8.3 9 .5 7.6 

50 ,000 6. 2 1.9 3.3 4 .9 6.0 6.2 2.6 4.7 6.0 4.2 

60 ,000 3.7 1.0 1.5 3.5 3.7 3.7 1.3 2.6 3.7 2.2 

80,000 I.I 0.3 0 .5 I.I I.I I. I 0.4 0.9 I. I 0 .8 

100,000 0.4 0.2 0 .3 0 .4 0 .4 0.4 0 .2 0.3 0.4 0.3 

120,000 0.2 0.2 0 .2 0.2 0 .2 0 .2 0 .2 0 .2 0.2 0.2 

150.000 0. 1 0 .1 0 .1 0.1 0. 1 0.1 0.1 0.1 0. 1 0 .1 

180.000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 . 1 0. 1 0.1 
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Appendix X. (Continuedl Equivalent-stage discharges, corresponding percent exceedance values, and approximate decreases in percent 
duration of inundation, at various discharges, calculated at gages and within reaches along the nontidal Apalachicola River, Florida, as a 
result of long-term changes in stage-discharge relations from 1954 to 2004. 

[This is a three-pan table with the first two pans (A and B) providing data upon which the final data in pan C are based. Data in pan C are the same as 
shown in figure 19. Equivalent-stage discharges are provided in part A and corresponding percent exceedance values for those discharges are listed in pan 
8. Steps for determining equivalent-stage discharge are illustrated in figure 13. Percent exceedance is the percent of time a specified discharge is equaled 
or exceeded during a given time period. Percent duration of inundation is nume,ically equivalent to percent exceedance in 1his repon (see discussion in 
texl). The time period used 10 calculale exceedance values in pan B and approximate decreases in dura1ion of inundation in pan C is 1he recent period 

1995-2004 (October I. 1994 - September 30. 2004). ft'/s. cubic feel per second] 

C. Approximate decrease in percent duration of inundation as a result of long-term changes in stage-discharge relations 

Approximate change in percent duration of inundation 

Percent (Percent exceedance for equivalent-stage discharge minus percent exceedance for selected dischargel 

Selected exceed-
discharge, ance for At gages Averaged by reach 

in tt3/s selected 
discharge Challa· Blounts- Wewa- Upper Middle Nontidal Entire 

RM35 Sumatra lower 
hoochee town hitchka reach reach reach 

nontidal river 

5.000 99.1 -48.5 -20.6 -14.4 -21.6 0.0 -31.6 -14.4 -13.5 -20.4 

10.000 68.6 -39.3 - 13.3 - I 3.3 -25.8 0.0 -26.7 -9.4 - 12. 1 - 15.8 

15.000 45.3 -24.7 - 11.6 -16.3 -19.6 0.0 -18.9 -10.8 - 12.2 -1 4.6 

20,000 29.0 -14.9 -7.0 -8.9 -9.8 0.0 -9.9 -6.6 -6.7 -7.6 

25,000 21.4 -10.4 -5.4 -7.3 -7.3 0.0 -8.2 -4.5 -3.9 -5.6 

30,000 15.9 -7.3 -4.0 -4.5 -3.6 0.0 -5.4 -3.3 -2.7 -3.7 

40.000 10.2 -5.9 -3.4 -2.8 - I.I 0.0 -4.4 -1.8 -0.7 -2.5 

50.000 6.2 -4.3 -2.8 -1.3 -0.2 0.0 -3.6 -1.5 -0.2 -2.0 

60.000 3.7 -2.7 -2.2 -0.2 0.0 0.0 -2.3 -I.I 0.0 - 1.5 

80,000 I.I -0.9 -0.7 0.0 0.0 0.0 -0.7 -0.2 0.0 -0.4 

100.000 0.4 -0.2 -0.1 0.0 0.0 0.0 -0.1 0.0 0.0 -0.1 

120,000 0 .2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

150.000 0.1 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

180.000 0. 1 0 .0 0 .0 0 .0 0 .0 0.0 0.0 0 .0 0 .0 0.0 
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From: Hoehn, Ted 1/O=FLA FISH AND WILDL CONSERV COMM/OU=TALLAHASSEE/CN=RECIPIENTS/CN=FWC/CN=OFFICE OF 

ENVIRONMENTAL SERVICES (OES)/CN=TED.HOEHN) 

Sent: 6/9/2009 8:46:30 PM 

To: Poole, MaryAnn 1/O=FLA FISH AND WILDL CONSERV 

COMM/OU= T ALLAHASSEE/CN= RECI PIENTS/CN=MARYAN N. POOLE) 

BCC: 

Subject: 

Poole, MaryAnn 1/O=FLA FISH AND WILDL CONSERV COMM/OU=TALLAHASSEE/CN=RECIPIENTS/CN=MaryAnn.Poole] 

FW: Meeting(s) with M ike Sole 

Attachments: Apalachicola Restoration Prospects_June 2009_Final.pdf; American Rivers Restoration Paradigm_Meeting Request 

FINAL 4.doc 

Importance: Hfgh 

Here is the info that we discussed earlier today. 

Ted Hoehn 
Florida Fish and Wildlife Conservation Commission 
Division of Habitat and Species Conservation 
Habitat Conservation Scientific Services 
620 S. Meridian Street, MS 2A 
Tallahassee, FL 32399-1600 
(850)410-0656 ext 17336; Cell 850-519-3106 
Fax (850) 921-1847 

From: Wiley, Nick 

Sent: Tuesday, June 09, 2009 2:07 PM 

To: Hoehn, Ted; Sanders, Scott 
Cc: Breault, Tim 

Subject: FW: Meeting(s) with Mike Sole 

Importance: High 

Ted and Scott. Can you help me determine if we have enough key staff available this Friday afternoon to host the 

ref erenced meeting? Not sure who all needs to be there, but I know it needs to be more than just me. i do believe Ted 

is an essential participant. Thanks. Nick 

From: Haddad, Ken 

Sent: Tuesday, June 09, 2009 1:49 PM 

To: dan@apalachicolariverkeeper.org 
Cc: Wiley, Nick; Ventimiglia, Karen 

Subject: FW: Meeting(s) with Mike Sole 
Importance: High 

Dan, I am not here but certainly some of the staff you list below can be there and perhaps Nick Wiley our assistant 

executive director. Via this email I am asking him to coordinate if it is feasible. Regards Ken 

Ken Haddad, Executive Director 
Florida Fish and Wildlife Conservation Commission 
620 South Meridian, Tallahassee, Fl. 32399 
850 487 3796 
visit our web at MyFWC.com 

From: Haddad, Kenneth 

Sent: Monday, June 08, 2009 5:39 PM 
To: Haddad, Ken ' ; 

I 

EXHIBrT 

FL-ACF-03388630 



Restoration Prospects for the Apalachicola River 

Executive Summary 

The Apalachicola River system is of exceptional ecological importance. It has 
been designated by the United Nations as an International Biosphere Re­
serve, by the United States as a National Estuarine Research Reserve, and 
by the State of Florida as an Outstanding Florida Water. The river harbors the 
most diverse assemblage of freshwater fish in Florida, the largest number of 
species of freshwater snails and mussels, and the most endemic species in 
western Florida. The river basin is home to some of the highest densities of 
reptile and amphibian species on the continent. The Apalachicola's waters 
and floodplain are the biological factory that fuels the Apalachicola Bay, one 
of the most productive estuaries in the northern hemisphere. 

Despite its enormous ecological value, the Apalachicola River ecosystem has 
been severely degraded through a long history of navigational dredging by the 
U.S. Army Corps of Engineers (Corps), impoundment of water by upstream 
reservoirs, and consumptive use of water upstream. These activities have 
destabilized and widened the river channel; reduced the river's hydraulic com­
plexity and habitat diversity; smothered and displaced habitat in the river's rich 
sloughs, floodplains, and channel margins; and altered the river's flow re­
gimes. By enlarging the channel, navigation dredging has also lowered water 
levels for the same flows from upstream. Decreased water levels in the river 
have caused the Apalachicola's floodplains and sloughs to dry out, with se­
vere ecological effects. 

In an attempt to mitigate some of the impacts of its navigation dredging (and 
as required by its state dredging permit), the Corps implemented a number of 
small-scale mitigation projects designed to recreate or reconnect habitats. 
These projects did not attempt to restore the river's fluvial processes, have 
not been sustainable, and have not reversed habitat losses caused by the 
Corps' dredging. At best they may have been marginally effective for a limited 
period of time, while also producing additional ecological harm. There has 
been little or no monitoring of these projects to optimize learning to benefit 
future restoration efforts. 

After putting a stop to the Corps' navigational dredging in October 2005, the 
State of Florida carried out a larger-scale restoration project at Battle Bend. 
Originally planned by the Corps, this project involved dredging to restore a 
connection between the Apalachicola River and the Battle Bend Oxbow. 

Page 1 
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As discussed above, designated critical habitat for the Gulf sturgeon in the action area includes 
the Apalachicola River unit, and the Apalachicola Bay unit. In the effects analysis, we discussed 
how the WCM may affect four of the PCEs of sturgeon critical habitat: 1) food items in both the 
riverine and estuarine environments; 2) riverine spawning areas; 3) flow regime, and 4) water 
quality. Of the effects of WCM, hydropeaking has the potential to affect food resources in the 
river for young (5-day old) sturgeon larvae and the reduction in floodplain inundation in the fall 
and winter has the potential to further reduce food resources for juvenile sturgeon overwintering 
for the first time in the bay and estuary. Spawning areas may be affected by the sub-daily flow 
and velocity changes from hydropeaking. The flow regime may be altered by operations under 
the WCM by changing floodplain inundating flows and sub-daily fluctuations from 
hydropeaking. The water quality, especially salinity, in the distributary rivers may affect the 
ability to effectively forage by young of year and juveniles in the winter. However, the WCM 
would not appreciably change the quantity or quality of the PCEs to the extent that it would 
appreciably diminish the habitat’s capability to provide the intended conservation role.

7.3 Determination

After reviewing the current status of the listed species and designated critical habitat, the 
environmental baseline for the action area, the effects of the proposed action, and the cumulative 
effects, it is the USFWS' biological opinion that the proposed action: 1) will not jeopardize the 
continued existence of the Gulf sturgeon; and 2) will not destroy or adversely modify designated 
critical habitat for the Gulf sturgeon.

The WCM is intended to apply until a new WCM is adopted. Given the USACE's current 
timeline, the findings of this BO shall apply for five years until September 14, 2021, or until 
amended through a reinitiation of consultation or superseded with a new opinion for a new 
proposed action.

8 MUSSELS - STATUS OF THE SPECIES

8.1 Species Description

Fat threeridge

The fat threeridge (Amblema neislerii) is a medium-sized, heavy-shelled mussel that reaches a 
length of about 100 millimeters (mm) (4.0 inches (in)). Large specimens are highly inflated.
The dark brown to black shell is oval to quadrate and strongly sculptured with seven to nine 
prominent horizontal parallel plications (ridges). The umbo (the raised, rounded portion near the 
shell hinge) is in the anterior quarter of the shell. The inside surface of the shell (nacre) is white 
to bluish white. As typical of the genus, no sexual dimorphism is displayed in shell characters 
(Williams and Butler 1994, Williams et al. 2008).

Purple bankclimber
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and habitat mapping using side-scan sonar throughout the known range in the ACF Basin have 
increased our knowledge of the population size of fat threeridge (Smit 2014, Smit and Kaeser in 
press).  The sonar mapping approach identified twice as many patches and ten times the quantity 
of suitable habitat than identified using traditional approaches and SCUBA sampling identified 
high densities of mussels.  Fat threeridge was the most abundant mussel in terms of frequency 
collected of the 18 mussel species detected during surveys (Smit 2014, Smit and Kaeser in 
press).  During these 2012-2015 surveys, 7,454 individuals were collected from the lower 
Chipola River and lower and middle Apalachicola River (Table 9.1, 9.2, 9.3).  Recent surveys all 
reported evidence of fat threeridge recruitment in the Apalachicola River based on size class 
information (Gangloff 2011, Smit 2014, Smit and Kaeser in press).   
 
The highest densities of fat threeridge occur in the lower Chipola River and between RM 27-50 
of middle Apalachicola River with mean densities ranging from 2.1 to 11.2 individuals/sq.  m, 
but densities ranged up to 19.5 individuals/sq.  m in optimal habitat in the lower Chipola River.  
Densities varied with habitat class and IRZ, ORZ, and POB generally having the highest 
densities (Table 9.5).  Based on these densities and the area of habitat mapped in each river 
reach, current estimates of the population size of fat threeridge in the action area range from 
about 6,009,000 to 18,650,000 individuals, with a mean of approximately 12,167,000.  
According to the 2015 Annual Report for USACE, incidental take monitoring began under the 
current RIOP conditions, there has been a cumulative take estimate of 8,374 fat threeridge.  For 
the fat threeridge this represents a total of approximately 0.07% of the population.   
 
Table 9.5  Population estimates based on densities sampled in each habitat (Smit 2014, Smit 
and Kaeser in press).   

 
 
 
 

River Habitat Class
Mapped 

area (m^2)
Mean 

Density

lower 
95% 

CI

upper 
95% 

CI
Population 
Estimate

lower 
95% CI

upper 95% 
CI

IRZ 270,698 4.6 2.0 6.9 1,239,797 527,861 1,867,816
ORZ 157,183 4.8 3.0 6.4 754,478 474,693 1,007,543
POB 1,043,241 2.1 1.0 3.0 2,169,941 1,084,971 3,077,561
PB 505,010 0.1 0.0 1.3 30,301 0 656,513
MC 4,985,217 0.0 0.0 0.0 0 0 0
River Total 6,961,349 4,194,517 2,087,524 6,609,433

Lower 
Apalachicola 
River SBA 681,500 0.9 599,720

SBA 381,803 11.2 6.9 15.6 4,276,195 2,618,406 5,953,074
POB 281,579 11.0 2.5 19.5 3,097,370 703,948 5,488,539
MC 1,265,849 0.2 0.0 0.5 202,536 0 632,925
River Total 1,929,231 7,373,564 3,322,353 11,441,613

Total 9,572,080 12,167,801 6,009,598 18,650,766

Middle 
Apalachicola 
River

Lower 
Chipola 
River
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10.4  Interrelated and Interdependent Actions

We must consider along with the effects of the action the effects of other federal activities that 
are interrelated to, or interdependent with, the proposed action (50 CFR sect. 402.02). By 
definition, interrelated actions are part of a larger action and depend on the larger action for their 
justification. Interdependent actions have no independent utility apart from the proposed action.
At this time, the USFWS is aware of only one action that satisfy the definitions of interrelated 
and interdependent actions that will not themselves undergo section 7 consultation in the future, 
or that are not already included in the Baseline or our representations of flows under the WCM.
This action will undergo section 7 consultation in the future, but is worthy of mention because 
they address possible reasonable and prudent measures and terms and conditions for addressing 
effects of hydropeaking. The USACE contract with Southeast Power Administration and Duke 
Energy will undergo section 7 in the future. This contract controls hydropower production and 
hydropeaking.

11 MUSSELS - CUMULATIVE EFFECTS

Cumulative effects for mussels are anticipated to be similar to those for Gulf sturgeon.

12 MUSSELS - CONCLUSION

The proposed action provides both beneficial and adverse effects to the species and their 
designated critical habitats. To the extent that the consumptive use assumptions are accurate, 
differences between the Baseline and the simulated flows of the WCM are due to differences in 
reservoir operations, as the model is driven by the observed hydrology. Therefore, we attribute 
all differences between the Baseline and WCM simulated flow regime to the USACE's 
discretionary operations. Differences between the Baseline and WCM are summarized for each 
of the species below (for more details, see section 10).

Most of these effects, both beneficial and adverse, derive from relatively minor differences 
between the WCM and Baseline. Generally, it appears that USACE would store water more 
often and augment flows less often under the WCM than has occurred under current 
management. The WCM uses some of this stored water to maintain a minimum flow of 5,000 
cfs, but the frequency of flows less than 10,000 cfs and less than 7,500 cfs is increased.
Additionally, floodplain inundation during spring and summer is reduced. The remainder of this 
section summarizes and consolidates our findings in the previous sections for each listed species 
and critical habitat in the action area.

12.1  Fat threeridge

Based on best available information, we believe the population of fat threeridge in the action area 
is stable and possibly increasing. The population appears to be doing well despite the principal 
effects to the fat threeridge in the action area that we described in section 8, Mussels -
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Environmental Baseline. The inter-annual frequency and the intra-annual duration of low flows 
in the pre-Lanier period substantially increased in the post-West Point period. Flows under the 
WCM will further increase the frequency and duration of low flows. Flows less than 5,000 cfs 
were not recorded in the pre-Lanier period. The WCM supports a minimum flow of 5,000 cfs, 
which benefits the fat threeridge, except when drought operations are triggered that provide for
minimum-flow support of 4,500 cfs. Supporting a minimum flow of 5,000 cfs in the future with 
less basin inflow as demands increase would require greater storage releases from the reservoirs, 
which could trigger the 4,500 cfs minimum flow provision of the WCM more frequently. The 
results of an earlier PVA indicated that the population can sustain reductions of 1-2%, and this 
magnitude of population reduction occurred in the past at a probability less than expected in the 
WCM. However, the PVA also indicates that increasing the frequency of such events results in a 
greater impact to long-term population viability, and the WCM increases the probability from 
once to twice in 74 years. As such, we need to continue to monitor the frequency and severity of 
these events. If the events occur with greater frequency, it may be necessary to reinitiate 
consultation.

Therefore, our analysis indicates that the WCM would have a negative, but not appreciable, 
impact on the survival and recovery of the fat threeridge due to mortality and other adverse 
effects if flows are reduced to 4,500 cfs or if additional recolonization and subsequent mortality 
occurs at flows above 5,000 cfs. Further, the WCM would have a negative, but not appreciable, 
impact on the survival and recovery of the fat threeridge due to reduced recruitment if flows 
inundate the floodplain for less than 30 consecutive days between March and August.

12.2  Purple bankclimber 

The core of the known population of purple bankclimbers in the action area is at the Race Shoals 
(the limestone shoal at RM 105), but the species is apparently rare in the rest of the river and 
may be experiencing poor recruitment. Little recent information in the action area is available on 
the species with only 31 individuals collected during 2012-2015 surveys and 40 detected during 
take monitoring, but the species is much more detectable and probably much more abundant in 
other parts of its range, such as the Flint River and the Ochlockonee River. A whole river 
population estimate is not available, but the population at Race Shoals was estimated to be 
30,000. The principal effects to the purple bankclimber in the action area are those we described 
in section 8, Mussels - Environmental Baseline. Channel morphology changes may have 
contributed to a decline of the species in the upstream-most 30 miles of the river, although the 
species is still found in this reach in relatively high numbers at Race Shoals. Flow regime 
alterations discussed above for the fat threeridge apply also to purple bankclimber with the 
exception that purple bankclimbers are rarely found at stages greater than 4,500 cfs in the 
Apalachicola River. We have observed limited mortality of the population during low flows 
from 2008-2015 with 39 individuals in 2011 when flows were inadvertently reduced below 5,000 
cfs and 40 individuals detected during USACE take monitoring.

Therefore, our analysis indicates that the WCM would have a negative, but not appreciable, 
impact on the survival and recovery of the purple bankclimber. This impact is due to mortality 
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and other adverse effects if flows are reduced to 4,500 cfs or if additional recolonization and 
subsequent mortality occurs at flows above 5,000 cfs.

12.3  Chipola slabshell  

Surveys from 1990 to present have documented many occurrences but found that the species
generally occurs in relatively low abundance. We have no evidence that these populations are 
currently declining, and we consider the Chipola slabshell status to be stable. Many of the 
effects we described in section 8, Mussels - Environmental Baseline do not apply to the Chipola 
slabshell, as its known range within the action area is almost entirely limited to the Chipola River 
downstream of the Chipola Cutoff. Most of the species range is in the Chipola River upstream of 
the action area. Channel morphology appears less altered in the Chipola River than the 
Apalachicola River. Flow regime alterations discussed for the fat threeridge apply also to the 
Chipola slabshell, but probably to a lesser extent in the narrower channel and higher bank slopes 
of the Chipola River. No Chipola slabshell mortality was documented during the low flows of 
2006-2008 and 2010-2011, but there has been a cumulative take estimate of 24 Chipola slabshell 
under USACE take monitoring. We also expect the mortality of the Chipola slabshell to be less 
than the expected for the fat threeridge or purple bankclimber because of its expected higher 
mobility.

Therefore, our analysis indicates that the WCM would have a negative, but not appreciable, 
impact on the survival and recovery of the Chipola slabshell due mortality and other adverse 
effects if flows are reduced to 4,500 cfs or if additional recolonization and subsequent mortality 
occurs at flows above 5,000 cfs. Further, the WCM would have a negative, but not appreciable, 
impact on the survival and recovery of the Chipola slabshell due to reduced recruitment if flows 
inundate the floodplain for less than 30 consecutive days between March and August.

12.4 Critical Habitat

Designated critical habitat for the fat threeridge and purple bankclimber in the action area 
includes most of the Apalachicola River unit, and the downstream-most part of the Chipola River 
Unit. Designated habitat for the Chipola slabshell only occurs within the downstream-most part 
of the Chipola River Unit. In the effects analysis, we discussed how the WCM may affect the 
three of the five PCEs of the mussel critical habitat: 1) permanently flowing water; 2) water 
quality; and 3) fish hosts.

The WCM increased the probability of reducing flows <5,000 cfs, although this is still a very 
infrequent event (3 of 74 years in the record). This would occur under drought operations, and 
droughts substantially change the nature of all of these PCEs compared to normal flows. At 
higher flows inundating the floodplain, the WCM is expected to have slightly negative effects for 
mussel growth and fecundity during the late growing season compared to the baseline. Although 
these are also rare events in the record (1 of 74 years in the record), one less pulse of nutrients 
may provide less carbon and consequently primary productivity to the main channel of the river 
to the majority of the mussel population. Additional data on the effects of up to 1.8 ft sub-daily 
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Abstract 

Identification and quantification of freshwater mussel habitat in large turbid rivers is 

challenging. Sonar habitat mapping offers a low cost and time efficient means to identify and 

quantify benthic habitats over large spatial extents. I used sonar to classify freshwater mussel 

habitat across a 700 hectare reach of the Apalachicola River, FL, and used sonar imagery 

collected before and after a I 0-year flood event to assess habitat stability. GIS-derived metrics 

and survey data were used to develop predictive models of presence/absence and abundance for 

the federally endangered freshwater mussel, Amblema neislerii. Strong associations were 

identified between habitats representing flow refugia, as well as deep water habitats. I validated 

predicted abundances with data from an independent, quantitative study. Suitable A. neislerii 

habitat as revealed by this approach was much larger than identified in previous studies, as was 

the resulting reach-wide population estimates of 7-8 million individuals. 
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I. Using side scan sonar to delineate freshwater mussel habitat and assess habitat stability in a 

meandering Coastal Plain river. 

Introduction 

Classifying and quantifying freshwater mussel habitat in large rivers is challenging. 

Large rivers impose a variety of logistical hurdles when attempting to access and measure 

physical or biological components of the benthic environment. The investigation of habitat 

associations over large spatial extents requires that practitioners strive to balance feasibility and 

effectiveness when conducting research and conservation activities. 

Freshwater mussel habitat has been broadly linked to landscape-scale factors such as 

land-use, catchment size, and stream power (DiMaio & Corkum 1995; Arbuckle & Downing 

2001; McRae 2004), and to micro-habitat characteristics such as substrate type, particle size, 

food availability, and the presence of fish hosts (Brainwood et al. 2008; Hastie et al. 2000; Brim 

Box et al. 2002; Vaughn & Taylor 2000). Micro-scale measurements of depth, particle size, and 

current velocity used in complex hydraulic modeling and assessments of sediment stability have 

provided compelling evidence that mussel beds occur in areas where substrate remains stable 

during base flow and high-discharge events (Morales et al. 2006; Steuer et al. 2008; Zigler et al. 

2008; Allen & Vaughn 2010). 

Identifying how ecological processes function across spatial scales is becoming a key 

area in ecological research (Levin 1992), and clearly identifying the spatial scale and associated 

factors in which the phenomenon of interest is occurring is essential for any study of freshwater 

mussel ecology (Newton et al. 2008). Fausch et al. (2002) identified the importance of 

intermediate-scale processes to the ecology of stream fishes, and noted that they provide 
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important ecological details that may be overlooked when only micro and landscape scales are 

considered. Intermediate (meso-scale) habitat classifications have been shown to be practical and 

effective when applied to biological habitat assessments across wide geographic boundaries 

(Newson and Newson 2000). With the preponderance of freshwater mussel habitat studies 

occurring at the landscape and micro scales, the science of freshwater mussel ecology might be 

advanced by studies conducted at the meso-scale. 

Micro-scale assessments of substrate stability can be used to calibrate meso-scale models 

that predict hydraulically stable habitats across larger spatial extents than is feasible with micro­

scale studies alone (Parasiewicz et al. 2012). Although metrics such as relative substrate stability 

are assessed at a fine scale through integration of particle size and shear velocity measurements, 

hydraulically stable habitats often occur and can be identified as patches at a higher spatial scale 

(Morales et al. 2006). Patch units are commonly used in landscape ecology as classes of 

predominant habitat within a spatial context, and occur at intermediate spatial scales (Newson 

and Newson 2000). Areas of hydraulic refuge in streams represent patches of suitable habitat for 

many organisms, increasing the richness, diversity, and abundance of aquatic species (Townsend 

et al. 1989; Garcia et al. 2012), including freshwater mussels (Strayer et al. 1999). Thus, 

incorporating meso-scale information such as patch-level habitat data in studies may advance 

understanding of freshwater mussel ecology in large rivers. 

The close relationship between the hydraulic habitat needs of freshwater mussels and the 

spatial extent at which these habitat units exist suggests that study of freshwater mussel habitat at 

the meso-scale and patch level may provide useful information for the conservation of these 

imperiled benthic animals. However, measurement and derivation of complex hydraulic 

components to predict substrate stability requires expensive equipment and significant time, 
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effort, and expertise, which may limit the widespread adoption of this approach. Although 

complex hydraulic variables are clearly useful and important to identify stable habitat for 

freshwater mussels, aquatic resource managers could benefit from low-cost tools and approaches 

to identify and accurately quantify suitable, stable mussel habitat within the logistical constraints 

imposed by time, money, and scale. 

Remote sensing of benthic features using side scan sonar provides detailed information 

on benthic habitat in hard to access environments. Sonar habitat mapping and geographic 

information system (GIS) techniques can be integrated to classify and quantify benthic habitats 

in large rivers (Strayer et al. 2006; Nitsche et al. 2007), and riverine habitat features such as 

woody material and substrates have been accurately mapped using relatively low cost sonar 

equipment (Kaeser & Litts 2008; 2010; Kaeser et al. 2012). Sonar imaging techniques have been 

used to track sedimentation processes and bedform in riverine environments (Amina et al. 2007; 

Nitsche et al. 2007; Manley and Singer 2007). Bedforms that represent turbulent, unstable 

hydraulic conditions might therefore be discriminated from those associated with more stable 

conditions by sonar imaging. 

Large meandering rivers are shaped by sediment transport forces and exhibit hydraulic 

patterns that support the formation of stable habitat patches in predictable locations across the 

river channel (Klienhans et al. 2010; Garcia et al. 2012). In alluvial rivers, variability in 

hydraulic forces due to meandering flow dramatically influence the shape and conditions of the 

river channel, and support the formation of large sand dunes that migrate downstream during 

action stages of river flows (Deitrich et al. 1979). In sonar imagery, dune bedform features can 

be easily recognized (Elliot et al. 2004), and are associated with the high shear stresses regions of 

the channel (Arcement and Schnieder 1989; Zigler et al. 2008; Garcia et al. 2012). As large 
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rivers change direction around a meander bend, the scouring erosional forces of river flows 

separate from the bank and create secondary backwater/eddy flow environments and 

recirculation zones, that occur both upstream and downstream of point bars and adjacent to the 

river bank (Ferguson et al. 2003). These areas are used as hydraulic refuge by benthic organisms 

including freshwater mussels during flood disturbances (Strayer 1999; Morales 2006; Steuer et 

al. 2008; Zigler et al. 2008; Garcia et al. 2012). Flow refugia are also used by a variety of fish 

species that may serve as hosts for mussels, thereby increasing chances of glochidial deposition 

in these areas. 

The Apalachicola River in northwest Florida is a large, alluvial river that is home to a 

variety of endemic species, including several imperiled freshwater mussels (Brim Box and 

Williams 2000). The fat threeridge, Amblema neislerii, is a federally endangered species, and is 

most abundant in the middle reach of the Apalachicola as well as the lower Chipola River, an 

adjacent tributary ( Gangloff 2012). Quantification of A. neislerii habitat throughout the 

Apalachicola River was identified as a high priority by the U.S. Fish and Wildlife Service 

(USFWS) for conservation and recovery of the species (USFWS Recovery Plan 2010). A map 

of potential mussel habitat is needed to stratify mussel sampling, and to provide data for 

modeling the distribution and abundance of A. neislerii throughout the river. 

Preliminary sonar imaging of known mussel beds in the Apalachicola River revealed 

distinct, observable differences in characteristics of the sandy bottom (A. Kaeser 2012, 

unpublished data). In particular, a smooth bedform was observed in locations of known mussel 

beds. This flat, plane bedform extended some distance away from the bank of the river and ended 

abruptly at a boundary of distinctive sand dune and ripple bedforms. Smooth bedforms were 

found both upstream and downstream of sandy point bars throughout a meandering reach of the 
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Apalachicola River known to support a high diversity and abundance of freshwater mussels, 

including A. neislerii (Brim Box & Williams 2000). Variations in bedform observed in the sonar 

imagery were interpreted as indicators of the hydraulic conditions at the water/sediment interface 

during the bed-forming, action stages of river discharge, and were further suspected to 

correspond to differences in habitat suitability for mussels. Bedform topology has been used for 

meso-scale habitat classification (Frissel et al. 1986), and the hydraulic conditions of meander 

bends are responsible for the spatial arrangement of bedforms within the channel, further 

suggesting the phenomena of interest could be described well at the meso-scale of study 

(Newson & Newson 2000; Garcia et al. 2012). I hypothesized that low-cost, sonar habitat 

mapping would enable the classification of suitable mussel habitat at the meso-scale. 

My first goal was to identify and implement a classification scheme for benthic 

mesohabitats units that would represent functional habitat for freshwater mussels in a large, 

coastal plain river. In order to assess temporal consistency of mesohabitat boundaries, I also 

used sonar imagery to quantify the areal change that occurred to the mesohabitat classes after a 

10-year flood event. Thus, my objectives were to: (1) validate the use of low-cost, sonar habitat 

mapping for classifying and quantifying area of mesoscale habitat patches based on bedform 

features, and (2) assess the stability of mesohabitat units suspected to function as flow refugia for 

mussels using pre and post-flood sonar imaging and areal change analysis within a GIS platform. 

Methods 

Study Area 

The Apalachicola River is a large alluvial river formed at the confluence of the 

Chattahoochee River and the Flint River, and since impoundment begins below Jim Woodruff 
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Lock and Dam, a navigation and hydropower facility, at the Georgia/Florida state boundaries 

(Figure 1 ). The Apalachicola River drains 50,800 km2 of eastern Alabama, west and central 

Georgia, and portions of northwestern Florida making it the largest river in Florida and ranking it 

21 st in mean annual discharge in the United States (Light et al. 1998). The Apalachicola River is 

currently regulated to maintain a minimum flow of 141.5 m3s-1 (5,000 f3s- 1
) during low flow 

periods of the year (USFWS 2012). 

Below the Jim Woodruff Lock and Dam the Apalachicola River flows unimpeded for 174 

km to the Gulf of Mexico. Along its course trends in channel morphology allow division of the 

river into Upper, Middle, and Lower-Non Tidal reaches (Light et al. 2006). The Upper section 

exhibits a relatively straight channel of coarse sand and gravel with scattered limestone 

outcroppings that occur downstream until river kilometer (rkm) 130, the point at which the 

surrounding geology drops from the Tallahassee Hills to the Coastal Lowlands (Harvey 2007). 

At this point channel geomorphology begins to exhibit a strong meandering characteristic and 

sediment composition changes to primarily coarse and fine sand. At rkm 67, the main channel 

exhibits a natural anabranch diversion known as the Chipola cut-off, which connects the 

Apalachicola River to the Chipola River, a large tributary. The Chipola cut-off marks the end of 

the Middle Reach and the beginning of the Lower-Non Tidal Reach. The Lower-Non Tidal 

Reach exhibits repeating meander bends until rkm 57. Thereafter the river assumes a less sinuous 

course, and continues toward Apalachicola Bay, whose tidal influences from the Gulf of Mexico 

begin to influence the shape and chemistry of the channel. 

In this study, I focused on the Middle Reach and an upstream portion of the Lower Non­

Tidal Reach of the Apalachicola River (rkm 104-54; river mile (RM) 65-35; Figure 1), because 

these portions are known to hold the highest abundance and diversity of freshwater mussels and 
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a majority of the A. neislerii Apalachicola River population (Brim Box & Williams 2000; 

Gangloff 2012). 

Sonar Survey and Image Processing 

Sonar imagery of the entire study area was collected using a Humminbird® 1198c side­

imaging sonar unit during the first two weeks of March 2012 (3/2, 3/7, 3/15, and 3/16) and a 17-

foot skiff equipped with a custom, front-mounted sonar transducer (Kaeser and Litts 2011). 

River flows of 566 m3s·1 (15,000 f3s"1
) or greater were targeted for the survey, as the river 

channel is fully inundated at these discharges (Figure 2). The middle reach of the river often 

exceeded 100 min width at the target flows, thus, a 3-pass, multi-transect approach was required 

to maintain high image resolution across the entire channel. One survey pass (i.e., transect) was 

made within close proximity of each bank of the river, using a sonar range setting of26 m per 

side. A third pass was made along the middle of the river channel using a sonar range setting of 

45.7 m per side to image the gap between the two bankside transects. I opted to use a lower 

range setting during bank passes to provide higher image resolution in areas known to harbor 

mussel beds. Slant range correction, an option referred to as "water contour mode" in the 

Humminbird® side imaging system, was not activated during bank passes. Slant range correction 

is a processing feature that removes the water column representation from sonar images, but I 

determined this feature performed poorly when imaging areas containing large quantities of 

submerged wood. Slant range correction was enabled, however, during scanning of the middle 

transect because it was largely devoid of wood. An operating frequency of 455 kHz was used 

during all sonar survey passes. In addition to sonar imagery, depth observations were recorded 

at 3-second intervals along all survey routes. 

7 

USFWS004394 7 



Sonar image geoprocessing was conducted according to methods described in Kaeser and 

Litts (2011). Once processed, the sonar image maps (SIMs, i.e., rectified image raster datasets) 

were loaded into an ESRI ArcGIS workspace to provide a spatially continuous, 2-dimensional 

representation of the river bottom across the entire study area. 

Habitat Mapping 

A mesohabitat classification scheme was developed through a review of literature 

associated with large river habitat classifications and discussions with biologists familiar with the 

Apalachicola River and with mussel sampling in the system. Five distinct habitat classes were 

identified as occurring within the main river channel: Point Bar, Inner Recirculation Zone, Outer 

Recirculation Zone, Mid-Channel, and Pool/Outer Bank. Garcia et al. (2012) provided technical 

explanations of the hydrological conditions likely to be occurring within each of these 

mesohabitat classes. Mesohabitat classes and their associated definitions are summarized in 

Table 1, and a visual representation of the geospatial context and general hydraulic conditions of 

each class within a meander bend is portrayed in Figure 3. 

Mesohabitat classes were delineated using a heads-up, manual digitization approach 

during inspection of the sonar image map (SIM) layers (Kaeser and Litts 2011). River banks 

were first digitized as an outer boundary for the mesohabitat class delineation. Banks were kept 

within view on-screen during near-bank survey passes and were digitized as the apparent 

boundary of the sonar signal reflectance. Following bank digitization, boundaries between bank­

attached, plane (i.e., smooth) bedforms and rippled/dune patterns were drawn. 

Since slant range correction was not applied during near-bank passes, a standardized 

approach to digitizing features that appeared near to, and/or crossing the dark band of pixels 
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representing the water column in the middle of resulting images was necessary. Whenever the 

water column is incorporated in a sonar image, objects or features that exist directly beneath the 

boat during the survey are both compressed and displaced to either side of the water column to 

some extent. As such, the water column does not represent missing data, but its inclusion does 

introduce some positional error and feature distortion. My approach to digitizing boundary 

features in such imagery was to trace the boundary as it appeared in the SIMs until the boundary 

intersected the water column pixels. At this point, the actual boundary was located directly 

beneath the survey vessel, so I digitized the boundary as a line that crossed the water column and 

followed the center of the image until the boundary feature was again visible on the opposite side 

of the water column. When visible, the boundary would be drawn across the water column and 

proceeding along the apparent position of the feature in the SIMs (Figure 4). This approach 

provided a consistent and repeatable method for digitizing features when the water column was 

displayed, but may have introduced some positional error associated with features that occurred 

near the boat path. 

After the bank-attached, smooth bedform regions of the channel were separated from the 

rippled and duned channel regions, the Inner and Outer Recirculation Zones were dissected from 

the Pool/ Outer Bank. Since three mesohabitats exhibited smooth bedform in the SIMs, alternate 

features were used for this delineation. The downstream extent of the Inner Recirculation Zone 

was generally recognizable in the SIMs by the appearance of large pieces of submerged wood, a 

change in substrate tone from dark to light, and a change in the appearance of the bank edge 

from a dull-toned, less discrete edge to a bright, solid edge indicating a steepening of the bank 

slope (Figure 5). The Outer Recirculation Zone was delineated from the Pool/Outer Bend with 

similar sonar features as the Inner Recirculation Zone. At this transition, a darkening of image 
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tone was often apparent, likely due to the deposition of finer particles (i.e., silt and mud). Also 

apparent at this transition was a change in the bank signature from bright and narrow to fuzzy 

and broad, indicating a reduction of the bank slope (Figure 5). The quantity oflarge woody 

material appeared to be similarly abundant in both mesohabitats and was not a useful 

characteristic for discriminating the Pool/Outer Bank from the Outer Recirculation Zone. To 

interpret the transition between the Pool/Outer Bank and the Outer Recirculation Zone, I also 

identified an inflection point at which the depth of water along the Pool/Outer Bank began to 

decrease, indicating the beginning of the pool tail-out and a change in the flow environment 

along the river margin. 

Delineation of the Point Bar from the Mid-Channel required incorporation of aerial 

imagery and knowledge of deposition patterns around meander bends. At action stages, when the 

bed is formed, the point bar is submerged and shows no clear separation in terms ofbedform 

from the Mid-Channel in sonar imagery. However, once flows recede seasonally the shallowest 

portions of point bars become exposed and can be clearly seen in aerial imagery. To delineate a 

portion of the point bar that remained inundated at seasonally low flow levels, a narrow ( ~ 10 m 

wide) portion of the Mid-Channel surrounding the exposed point bar was separated from the 

Mid-Channel using 2010 National Agricultural Inventory Program (NAIP) aerial imagery 

collected during a period oflow flow (141.5 m3s-1
/ 5,000 fs-1

). The resulting area of shallow, 

inundated river channel adjacent to point bars was classified as the Point Bar mesohabitat. The 

Point Bar mesohabitat was assigned a unique class on the basis that it might differ from the Mid­

Channel mesohabitat class in terms of physical habitat conditions. 

The Apalachicola River is currently regulated to maintain a minimum flow of 141.5 m3s-1 

(5,000 fs-1
) during low flow periods of the year (USFWS 2012). To identify the extent of habitat 
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inundated at this low flow level, and subsequently map only the habitat that is available to 

mussels during such conditions, I digitized the river bank and the edge of exposed sand bars 

using recent (Summer 2010) National Agricultural Inventory Program (NAIP) aerial imagery 

captured during a period of stable, low flow (141.5 m3s-1/5000 rs-1
). This boundary was 

incorporated in the habitat map and used to define the extent of habitat available to mussels 

during low flow conditions. Sloughs and other off-channel, inundated areas were not included in 

the habitat classification scheme and therefore were not mapped in this study. 

In order to investigate habitat composition trends across the longitudinal extent of the 

study area, the final habitat map was decomposed into consecutive sites containing 

representatives of all mesohabitat classes. A site was defined as a single meander bend 

containing at least one representative of each mesohabitat class. I extracted areal values for all 

mapped mesohabitats and summarized both the overall and relative composition of each site to 

illustrate trends in habitat composition. To investigate river gradient as a factor potentially 

associated with the geomorphology of these sites, I extracted water surface elevation values 

derived from a LIDAR-based survey along the river course at 0.16 km intervals. Water surface 

elevation was plotted against rkm to illustrate trends in water surface slope occurring throughout 

the study reach. 

Assessing mesohabitat consistency between pre and post flood sonar imagery 

Side scan sonar has been used to track changes in river bedforms after flood events 

(Anima et al. 2007). In March 2013 the Apalachicola River experienced a IO-year flood event 

where discharge recorded at the USGS gauge in Chattahoochee, FL exceeded 2,832 m3s·1 

(100,000 f3s-1
) (Figure 2). This flood followed a high discharge event where flow peaked above 
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2,265 m3s·1 (80,000 rs-1
). Recognizing an opportunity to assess changes occurring to the areal 

extent of mapped mesohabitats associated with a flood (i.e., habitat stability), I rescanned a 32 

km portion (67%) of the study area on May 22, 2013 when river discharge at Chattahoochee was 

623 m3s·1 (22,000 fs· 1
). This post-flood sonar dataset was processed and mesohabitats were 

digitized and classified according to previously described methods. 

To assess change, the post-flood May 2013 mesohabitat map was superimposed on the 

original March 2012 map; each map was converted to a raster dataset with a 1 m2 pixel (cell) 

grid. To quantify differences between the two maps, I used the Raster Calculator tool in the 

ArcToolbox; this tool provides a rapid algorithm for quantifying differences in pixel values 

between two raster datasets. Differences in pixel values were interpreted as areal changes, and 

were summarized and organized in a matrix to aid in interpretation (Congalton & Green 2008). I 

refer to the results of this GIS-based analysis as "raw change". To calculate the percentage of 

change that occurred to each mesohabitat I divided the change in area within each class by the 

total area of the class prior to the flood (i.e., the March 2012 map). Areas where bedform had 

changed from smooth/plane to rippled or duned after the flood were interpreted as unstable, and 

not likely to be suitable habitat for mussels. 

A certain amount of positional error is inherent in any sonar-based habitat map due to 

GPS accuracy experienced during the sonar survey (Kaeser and Litts 2010; 2012). Moreover, 

when rescanning a reach of river, it is likely the boat will follow a path that deviates slightly 

from that taken during a previous survey. Since the path of the boat determines the position of 

the water column and, therefore, the aforementioned displacement of features within the 

imagery, it is possible that feature boundaries delineated in imagery from two separate surveys 

could produce variable results in a change detection framework. In this study, I define areal 
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differences between two maps attributable solely to navigation and GPS positioning as "mapping 

error". I recognized the influence of mapping error on the quantification of post-flood, raw areal 

changes, and deemed it necessary to estimate these error rates. 

To estimate mapping error, sonar image datasets collected during identical field 

conditions were required. Two simultaneous surveys were conducted along a 15 km portion 

(30.9%) of the study area on August 81
\ 2013 at discharges of 566 m3s-1 (20,000 r\-1

) using two 

survey vessels equipped with separate Humminbird 1198c sonar systems. This approach ensured 

that the field conditions (i.e., bedforms and depths) that each sonar system experienced were 

identical, and therefore any differences between the resulting maps would be due solely to 

mapping error. Each sonar image set was processed and classified by the author resulting in two 

classified polygon layers representing the same mesohabitat classes observed during identical 

field conditions. The total area of each mesohabitat class measured from the first map was 

divided by the total area of each mesohabitat class measured from the second map in order to 

calculate the net proportion of change in habitat area between the two maps. The percentage of 

change in area that occurred in each mesohabitat between the two maps was calculated and 

interpreted as a net range of percent error (Congalton & Green 2008). The range of percent error 

per mesohabitat class was compared to the net percent change in area that occurred between the 

pre and post flood habitat maps. 

In addition to the mapping error assessment, areas identified as having changed after the 

flood were visually inspected to verify whether bedform had truly changed, or apparently 

changed simply due to variation in how the boundary lines were drawn. If a physical change in 

bedform was evident in an area of change, the polygon representing the area was classified as 

having passed visual inspection. Areas of change occurring as a result of boundary line 
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alignment (i.e., mapping error) were classified as having failed visual inspection. A matrix 

summarizing all verified physical changes (i.e., "verified change") was prepared to compare to 

results from the GIS-based analysis (i.e., raw change) and the mapping error assessment. 

Results 

The resulting, classified mesohabitat map encompassed approximately 7,000 ha ofriver 

channel inundated at a low flow of 141.5 m3s·1 (5,000 f3s"1
). The map contained 203 mesohabitat 

patches distributed among 50 consecutive meander bends (i.e., sites). With few exceptions, each 

site contained one representative of each mesohabitat class (Table 2; Figure 6; Figure 7). The 

smallest mesohabitats on average were the Inner and Outer Recirculation Zone (mean area per 

site= 5,500 and 3,400 m2
, respectively), while the Pool/Outer Bank habitat units averaged 

20,000 m2 in area. Together, the Inner and Outer Recirculation Zones represented 6.2% of the 

total habitat area, while Point Bar and Mid-Channel me so habitat classes composed 77. 9% of the 

total area. Pool/Outer Bank mesohabitats represented the remaining 15. 0% within the study area. 

In terms of relative composition, the habitat classes associated with smooth bedforms 

typically represented between 15% and 25% of the total area of each site (Figure 9). Sites 28-39 

located between rkm 67 and 80 (i.e., RM 41.8 to 50) appeared to be geomorphically different 

from other sites. These sites occupied smaller areas and contained larger proportions of smooth 

bedform habitat (>25%) compared to other sites throughout the study reach. Sites 28-39 are also 

associated with a section of the study reach that had the lowest water surface slope (Figure 10). 

Results of the mesohabitat change analysis revealed a majority of the mapped areas 

remained unchanged after a 10-year flood event (Table 3). Largest areas of raw change detected 

occurred between Mid-Channel habitat boundaries. The net percent raw change of smooth 
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bedform substrate within Inner and Outer Recirculation Zone mesohabitats increased in area post 

flooding, whereas the percent in Pool/Outer Bank mesohabitats decreased (Table 4). 

Ranges of percent change due mapping error were greater than the net percent raw 

change detected from pre and post flood maps for all mesohabitats except the Pool/Outer Bank. 

Net percent mapping error showed highest variability in the Inner and Outer Recirculation Zones 

(15.9% and 15.6%, respectively; Table 4). Pool/Outer Bank exhibited a range of percent error of 

+/- 1.2, while the Mid Channel(+/- 0.02) had the lowest percent mapping error. 

Area of verified post-flood changes to bedforms exceed mapping error only within the 

Pool/Outer Bank mesohabitat class. All other mesohabitat classes had smaller percentages of 

verified change than their associated mapping error. The largest verified changes occurred at the 

Mid-Channel and Pool/Outer Bank interface (Table 5) with a decrease of 4.9% in total 

Pool/Outer Bend habitat area due to Mid-Channel encroachment. Verified percent decreases in 

the Inner and Outer Recirculation Zone mesohabitat areas due to Mid-Channel encroachment 

were -1.5% and -4.1%, respectively (Table 6). Inner Recirculation Zone habitat was verified to 

increase by 0.76%. A small percentage (0.9%) of the Inner Recirculation Zone was changed to 

Point Bar habitat, and 0.4% of the Mid-Channel exhibited change to the Pool/Outer Bank habitat. 

Discussion 

The results of the sonar based mapping effort show that this habitat classification for 

freshwater mussels exhibited distinct repeatable units across the entire 700 ha study area. 

Moreover, the bedform-based classification system aligned with their average mesohabitat areas 

delimited during this study (Frissel et al. 1986; Newson and Newson 2000). 

15 

USFWS0043955 



Additional features contributed to the identification of mesohabitat boundaries among 

adjacent habitats exhibiting similar smooth bedforms. In particular, submerged large woody 

debris served as a reliable indicator of active bank erosion and the beginning of the Pool/Outer 

Bank mesohabitat class, and dark image tones indicating fine particle deposition were useful for 

distinguishing the Inner and Outer Recirculation zones from the Pool/Outer Bank. Dark tones 

indicative of fine sediments were often variable within the Inner and Outer Recirculation 

mesohabitats, indicating that these mesohabitats likely contained heterogeneous surface 

substrates. Tonal heterogeneity within Inner and Outer Recirculation Zones suggests that a map 

based solely on substrate classification would look considerably different than a map based on 

fluvial geomorphology and river bedform patterns. 

Previous mussel studies in the Apalachicola River have assumed that Inner and Outer 

Recirculation Zones are stable during high flow conditions (Beidenharn, 2007; Miller and Payne, 

2007; Harvey 2007), but the degree of stability remained un-assessed. The results of both the raw 

and verified areal change analyses confirmed that mesohabitat bedforms remain mostly 

unchanged after flood events and provide stable refuge habitat for freshwater mussels during 

flood events. Smooth bedforms associated with these flow refugia were observed to extend often 

> 10 m from the bank even after the flood event. These boundaries suggest potentially stable 

freshwater mussel habitat in the Apalachicola River actually extends quite a bit further from the 

bank than previous studies have measured using consecutive, unoccupied quadrats as indication 

of habitat boundaries (Gangloff 2012). A sonar based mesohabitat mapping approach as 

presented in this study may provide more complete information on the extent of suitable 

freshwater mussel habitat, however sampling for mussels within these mapped mesohabitats is 

required to confirm mussel presence in these areas. 
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The areal extent of the Pool/Outer Bank was the second largest in total and average patch 

size of the five mesohabitat classes, and sonar imaging indicated a smooth/plane bed 

characteristic. The plane bedform in the Pool/Outer Bank was likely caused by flow velocity at 

the bed transitioning between the velocities that cause the characteristic dunes and ripples of the 

Mid Channel and Point Bar and higher velocities that form plane bedforms (Arcement and 

Schneider 1989; Julien and Raslan 1998). Despite encroachment of the sand dunes and ripples of 

the Mid Channel environment across the Pool/Outer Bank boundary, a large majority of the 

smooth bedform of the Pool/Outer Bank mesohabitat class remained intact after the flood 

disturbance. Studies of meander bend hydrodynamics suggests that high shear stress in this 

environment during high flows leads to sediment transport, scouring, and deepening of this 

habitat (Garcia et al. 2012; Leopold and Wolman 1960), and hydraulic conditions occurring on 

the outer bank in the Pool/Outer Bank mesohabitat class during floods are erosive and powerful, 

causing the felling of large trees growing close to the bank. Large aggregations of submerged 

woody debris were clearly imaged in the Pool/Outer Bank mesohabitat class, with some 

aggregations > I 00 m in length and extending > 20 m into the channel. Extensive aggregations of 

large woody debris may deflect flow during floods (Abbe and Montgomery 1996), and possibly 

create favorable refuge conditions for mussels during high flows within the Pool/Outer Bank 

mesohabitat. 

In previous studies, Kaeser and Litts (2008, 2010) examined the classification or thematic 

accuracy of sonar-based habitat maps. In this study I assumed that my ability to differentiate 

smooth from rippled or duned bedforms was highly accurate, as these characteristics were highly 

observable and boundaries between the two bedform types were highly distinct throughout the 

study area. Verification of boundaries as discrete transitions between zones of differing 
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hydro logic conditions by empirical measurement of hydro logic variables was beyond the scope 

of this study. Verification of boundaries by direct underwater observation was, likewise, 

logistically unfeasible. Moreover, I would not expect boundaries to remain static between a 

sonar survey occurring at higher flows and the execution of a groundtruthing operation that 

required divers and lower flow conditions. Such temporal shifts in the position of boundaries 

between adjacent mesohabitats may lead to co-registration error, and confound an assessment of 

classification accuracy (Congalton and Green 2008). Rather than attempt a traditional, 

classification accuracy assessment of mesohabitats, I conducted an assessment of mapping error 

rates, a type of error I defined previously as resulting from both survey navigation and GPS 

positional error. 

Observed changes in habitat after the 10-year flood event could have been due in part to 

mapping error. The results of the mapping error assessment allowed me to infer levels of 

variation associated with areal estimates in the map. For example, estimates oflnner 

Recirculation Zone area varied by 15.9% between two maps of the same area and conditions. 

Therefore, the estimate of total available Inner Recirculation Zone habitat in the study area 

(207,733 m2
) may vary by as much as+/- 33,030 m2

. However, the net change in Inner 

Recirculation Zone area I observed between pre and post flood habitat maps was only 13,805 m2
, 

leading to the conclusion that net changes detected in the pre and post flood maps might be 

largely attributed to mapping error, highlighting the need to verify stability by visually inspecting 

sonar imagery. 

Both change due to mapping error and actual changes to the bedforms were incorporated 

in the results of the raw change analysis. I deemed it necessary to determine the extent of these 

two potential sources of change by visually inspecting the sonar imagery to confirm the change 
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was due to either mapping error or a visible change in bedform pattern, and results indicated that 

even less habitat change actually occurred in the Inner and Outer Recirculation Zone 

mesohabitats. Indeed, most of the verified changes to bedform occurred due to encroachment of 

the Mid Channel into smooth bedform habitats that could possibly be suitable for mussels. Even 

though some new Inner and Outer Recirculation Zone mesohabitats were verified to form after 

the flood, these habitats likely experienced higher rates of change and were likely not yet 

occupied by mussels. Therefore, newly formed smooth bedform does not necessarily represent 

quality, suitable habitat for mussels. A portion (4.9%) of the Pool/Outer Bank mesohabitat was 

verified to change from smooth bedform to ripple and dune that typically occurred along the Mid 

Channel boundary line, and often involved large aggregations of woody material being covered 

by a mass of sand dune and ripples (Figure 11 ). 

The success of using complex hydraulic variables to predict freshwater mussel 

distribution and abundance strongly suggest temporal fluctuations in river flow dynamics play an 

integral part of the persistence of freshwater mussel populations (Strayer 1999, Morales 2006, 

Steuer et al. 2008, Allen and Vaughn 2010). Parasiewicz et al. (2012) used an intensive survey of 

hydraulic characteristics across a large spatial extent and over variable flow conditions to 

calibrate a mesohabitat-scale predictive model of optimal freshwater mussel habitat for one 

species. This kind of extrapolation includes the spatial extent considerations and temporal 

variability needed for management of freshwater mussels at the me so-scale, but there is still a 

need to develop cost effective and efficient strategies for gathering such data across larger spatial 

extents and other riverine systems in order to identify, quantify, and quickly preserve critical 

habitat of these imperiled species. The approach taken in this study facilitated a rapid 
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classification oflarge, turbid river habitats and confirmed the bedform stability associated with 3 

of 5 habitat units. 

The high repeatability of this mesohabitat classification could be applied to rivers of 

similar meandering geomorphology and alluvial sediment transport characteristics as boundaries 

between the presented mesohabitat classes were easily identified in sonar imagery in predictable 

locations, and were also supported by research ofhydrologic patterns occurring around 

meandering river bends (Garcia et al. 2012). The results of this study suggested that time-lapse 

sonar imaging may provide a cost-effective, alternative means of assessing habitat stability for 

freshwater mussels in sand-bed rivers. To the best of my knowledge, this is the first time low­

cost side-scan sonar mapping has been used detect and quantify reach-level changes in benthic 

habitat conditions in a large river system over a wide spatial extent. 
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TI. Predicting the distribution and abundance of the freshwater mussel Amblema neislerii in a 

middle reach of the Apalachicola River, Florida 

Introduction 

Mapping and modeling the distribution and abundance of freshwater mussel species in 

large turbid rivers is challenging. Large rivers frequently include deep-water habitats that are 

difficult to access, and sampling across large spatial extents is logistically demanding. In some 

cases this leads to surveys that are limited in scope and inference. However, because many 

freshwater mussel taxa are endangered, threatened or of special concern in the United States and 

Canada (Williams et al. 1993), development of practical, efficient techniques to reveal their 

distribution and monitor population trends remains a high priority. 

Species distribution models (SDMs) are increasingly being used to predict suitable 

habitat for organisms over large spatial extents (Guisan and Zimmerman 2000). Advances in 

geographic information systems (GIS), remote sensing, and computer processing have 

contributed to the success of SDMs in the management of species habitat, modeling of species 

distribution for conservation planning, and assessment of management actions (Guisan and 

Thuiller 2006). SDMs applied to freshwater mussel ecology have been used to guide 

conservation activities (Prie et al. 2012), and can be useful to explain the distribution of mussels 

across multiple scales of study (Newton et al. 2008). 

Sampling of freshwater mussels is often limited by time and funding constraints. In spite 

of the aforementioned challenges associated with sampling mussels in large rivers, accurate 

habitat data are required for use of SDMs (Guisan and Thuiller 2005). Recent work in the upper 

Mississippi River used historical data and hydraulic modeling to explain the distribution and 
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abundance of freshwater mussels with high accuracy across a 30-km reach (Morales et al. 2006; 

Steuer et al. 2008; Zigler et al. 2008; Allen & Vaughn 2010). This work suggested that 

freshwater mussel distribution and abundance was controlled by the stability of benthic 

conditions during flood disturbances. However, deriving the complex hydraulic variables 

necessary for such predictions require technical expertise and resources that may limit the 

widespread adoption of this approach. Therefore, the development of low-cost, less technical 

approaches to model freshwater mussel distribution in large turbid rivers remains a worthy goal 

toward advancing the conservation of this imperiled group of organisms. 

The Apalachicola River in northwest Florida is a large alluvial river of the Southeast 

Coastal Plain that is recognized as a biodiversity hotspot (Blaustein 2008), and has drawn 

considerable conservation attention due to intensive demands on its water resources (Light et al. 

2002). The river supports a high diversity and abundance of freshwater mussels, including the 

federally endangered Fat Threeridge (Amblema neisler;;) (Brim Box and Williams 2000). A 

restricted range, perceived threats associated with channel modifications and water management, 

and patchy habitat distribution were cited as factors contributing to A. neislerii' s listing as 

endangered under the Endangered Species Act in 1998 (Federal Register 1998). Efforts led by 

the U.S. Fish and Wildlife Service (USFWS) to recover the species have been guided by 

strategies outlined in the Service's Recovery Plan (USFWS 2003). Recent survey work has 

provided estimates of A. neislerii population size in the Apalachicola River (EnviroScience 

2006a; Miller and Payne 2007; Gangloff 2012), but estimates vary considerably among studies 

that are likely due to differences in sampling methodology that, in turn, influence perspectives on 

abundance and habitat associations. Current perspective of A. neislerii distribution and 

abundance suggests most mussels are living in shallow waters, however there has been no 
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concerted effort to systematically sample deep water habitats in the Apalachicola River 

(EnviroScience 2006a; Miller and Payne 2006; Gangloff 2012; USFWS 2012). 

Dense aggregations of A. neislerii, and other freshwater mussels, have consistently been 

located along river margins directly downstream of point bars in several Apalachicola River 

studies (Brim Box & Williams 2000, EnviroScience 2006a; Gangloff 2012). These habitats are 

described as moderately depositional and remaining stable during floods (Miller and Payne 2007; 

Harvey 2007; Beidenham 2007; Chapter 1). Although commonly targeted during surveys, only 

the upstream and downstream boundaries of these habitats have been mapped. Mapping of 

moderately depositional habitats using review of aerial photographs and field reconnaissance to 

identify riparian features such as point bars, willow stands, and bank slope inflection points to 

delimit habitat boundaries was conducted by the USFWS in 2008 (Gangloff 2012). Prior my 

investigation, however, the actual underwater boundaries of these habitats remained unknown. 

Deep water habitats in the Apalachicola River, including the Pool/Outer Bank and Mid Channel 

mesohabitats (Chapter 1) have not been heavily sampled in past survey work, due to the hazards 

associated with deep water, swift currents and numerous submerged trees (EnviroScience 2006b; 

Miller and Payne 2007). These critical data gaps limit the reliability of current A. neislerii 

population estimates as well as the perception that this species primarily occupies shallow, 

moderately sloping, near-bank habitats (EnviroScience 2006a; Gangloff 2012; USFWS 2012). 

A recent study designed to assess the impact of water-level drawdown on A. neislerii 

populations in moderately depositional habitats yielded A. neislerii population estimates for these 

habitats throughout the Apalachicola River and the lower Chipola River, a large tributary 

(Gangloff 2012). Abundance estimates were intended to be minimum population estimates for 

the system, and inferences regarding the potential impacts to A. neislerii populations associated 
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with river level management by the U.S. Army Corps of Engineers (USACE) were incorporated 

in a recent Biological Opinion produced by the USFWS (2012). Both Gangloff (2012) and other 

recent studies (EnviroScience 2006a) reported A. neislerii in deep-water habitats, suggesting a 

more comprehensive survey of A. neislerii distribution and abundance in the Apalachicola River 

is needed for accurate population estimates to guide flow management and species recovery. 

Sonar habitat mapping ofbenthic features in the Apalachicola River identified patches of 

stable habitat that were larger and more numerous than prior understanding of suitable A. 

neislerii habitat had indicated (Chapter 1). Habitat classification revealed that some habitat 

classes corresponding to previously known A. neislerii aggregations may be more extensive as 

well and revealed similarities between moderately depositional and poorly-surveyed deep-water 

habitats. Here I use that habitat classification map to guide a stratified, quantitative survey of A. 

neislerii across a 50 km reach of the Apalachicola River. I develop predictive species distribution 

models of A. neislerii presence/absence as well as abundance using habitat boundaries and 

variables derived from my sonar-based map. 

Methods 

Study Area 

The Apalachicola River is a large alluvial river formed by the confluence of the 

Chattahoochee and the Flint Rivers at river navigation mile 106 directly below the Jim Woodruff 

Lock and Dam Reservoir at the Georgia/Florida state boundaries (Figure 1 ). Below Jim 

Woodruff Lock and Dam the Apalachicola River flows unimpeded for 170 km to the Gulf of 

Mexico. Along its course the channel geomorphology changes considerably allowing clear 

dissection of the river into upper, middle, and lower-non tidal zones (Light et al. 2006). The 
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upper section is a relatively straight channel composed predominantly of coarse sand and gravel 

with scattered limestone outcroppings that occur downstream until river kilometer (rkm) 130, the 

point at which the surrounding geology drops from the Tallahassee Hills to the Coastal Lowlands 

(Harvey, 2007; Florida Geological Survey). At this transition into the middle reach, the channel 

geomorphology begins to exhibit a strong meandering characteristic with elevated sinuosity, and 

sediment composition changes to primarily coarse and fine sand. At rkm 67, a side channel 

known as the Chipola cut-off connects the Apalachicola River to the Chipola River, a large 

tributary, and serves as a landmark to the beginning of the lower non-tidal reach. 

I chose the section of the Apalachicola River with the greatest sinuosity and most 

repetitive meandering pattern as my study area, beginning at rkm 104 and ending with an 

observable straightening of the channel at rkm 56, just below "Sand Mountain", a large 

aggregation of sand spoils visible on the bank created from historical dredging. This area 

includes most of the middle reach as defined by Light et al. (2006) and Gangloff (2012), as well 

as an upstream portion of the lower-non tidal reach. 

Freshwater Mussel Survey 

Sampling Approach 

A sonar-based mesohabitat map produced for the study area was used to stratify the 

sampling of freshwater mussels (Chapter 1). Mesohabitat classes of this map represented patches 

of common geomorphology, flow, and bedform characteristics occurring in meander bends. 

Several classes suspected to support freshwater mussel populations were identified as stable 

during a post-flood change analysis, while other classes represented depositional and/or turbulent 

environments commonly associated with large alluvial rivers. Stratification is highly 
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recommended for freshwater mussel surveys in which a priori habitat information is available 

(Strayer & Smith 2003), and is also useful when allocating limited time and monetary resources 

across broad spatial extents with costly sampling techniques such as SCUBA. In this study, a 

stratified approach served to quantitatively asses hypothesized mussel/habitat associations within 

the meandering, middle reach of the Apalachicola River and perhaps elucidate the factors 

contributing to the high density of A. neislerii populations in this reach. 

Rather than randomly selecting sampling locations from mesohabitats throughout the 

entire study area, I decomposed the study area into a series of 50 consecutive study sites using 

reference boundaries drawn between the downstream end of each Inner Recirculation Zone and 

the downstream end of the Outer Recirculation Zone on the opposite side of the channel. With 

few exceptions, each site was composed of one representative of each mesohabitat class, or five 

mesohabitats. Six of these sites were selected for sampling by first grouping the 50 sites into six 

groups of approximately equal numbers of consecutive sites (i.e., eight or nine sites per group), 

and then using a random number generator to select one sampling site from each of the six 

groups. This approach ensured that sampling sites would be distributed throughout the 50 km 

reach. 

Next, I assigned 10 sampling points to each mesohabitat class occurring in each of the six 

sampling sites using the Generalized Random Tessellated Stratification (GRTS) sampling 

algorithm found in the spsurvey package (Kincaid and Olsen 2013) for the R software platform. 

This algorithm randomly generates a set of points that are distributed in a spatially balanced 

manner within a user-defined extent, thereby decreasing probabilities of bias and auto-correlation 

(i.e., clumping of points). The GRTS points are ordered, and consecutively distributed in a way 

that preserves the spatial balance of the set, so that if one point cannot be sampled, the sampling 
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crew can target the next ordered point in the set; this point will be spatially balanced among the 

rest. 

Sampling points were located in the field with a Garmin GPSmap 760CSx GPS unit and 

immediately marked with an anchored buoy. A set of geographic coordinates representing the 

actual sampling location was recorded, and a 1. 78-m length of metal cable representing the 

radius of a I 0-m2 sampling plot was attached to a piece of rebar inserted vertically into the river 

bed at the center of the sampling plot (Ghent et al. 1978, Gregoire and Valentine 2007). The 

radial cable was used to delimit the extent of the sampling plot, and tactile searches were 

conducted by 2-5 crew members to remove all mussels present in the plot. All freshwater 

mussels were identified to species and enumerated; a measurement along the longest axis of any 

A. neislerii <50 mm was recorded. The depth at the center of the plot, and a classification of the 

predominant substrate type within the plot was recorded. Predominant substrate was classified 

as either I) coarse sand, 2) fine sand, 3) a mixture of fine sand, silt, and mud, or 4) other. Due to 

preponderance of unoccupied sites in the Mid-Channel mesohabitat class and the hazardous 

nature of SCUBA sampling in this high velocity and unstable substrate environment, I reduced 

the number of plots sampled in this mesohabitat from 6 to 3 plots per site. 

Data Analysis 

One-way ANOV A was used to test for differences between A. neislerii counts and 

mesohabitat classes. Two species distribution models were developed for A. neislerii. The first 

was a presence/absence model based on a multiple logistic regression with a binomial 

distribution, and the second was a count model using multiple generalized linear model (GLM) 

regression. I used a negative binomial error distribution (log link) to model counts per sampling 
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plot because A. neislerii counts were not normally distributed (Davis et al. 2013). I fit the models 

in R 3.1 (R Development Core Team 2012) using the MASS package (Venables & Ripley 2002) 

function glm() for the presence/absence models and the glm.nb() function for the count models. 

A set of candidate models was developed using different combinations of six explanatory 

variables that represented alternate hypotheses regarding factors that influence A. neislerii 

presence/absence or abundance in the Apalachicola River. I considered the following 

explanatory variables: mesohabitat class, rkm, distance to the 141.5 m3s"1 (5,000 r3s-1
) river bank, 

distance to nearest unstable mesohabitat (i.e. shortest distance to Point Bar or Mid-Channel), 

water depth, and substrate type. 

To derive explanatory variables, GPS coordinates of the sampled locations were loaded 

into the ArcGIS 10.2 (ESRI 2013) software platform and metrics were generated using analysis 

tools in ArcToolbox. The mesohabitat map was used to associate each sampling location with the 

mesohabitat class in which the plot occurred (Chapter 1). For each sampling location, the 

shortest distance to the 141.5 m3s·1 river bank, and the distance to nearest unstable habitat were 

calculated using the NEAR analysis tool in ArcToolbox. Each sampling location was associated 

with the nearest tenth of a river kilometer. Data obtained from the field survey, including mussel 

counts, sampling plot depth, and predominant substrate type were integrated with the resulting 

table of habitat metrics, and this composite database was exported as a comma separated value 

(.csv) file. The data table was loaded into the R software platform for statistical analysis and 

model development. 

To determine which variables or sets of variables were most important in explaining A. 

neislerii presence/absence and counts per sampling plot I used an information-theoretic (IT) 

model selection approach (Kullback and Leibler 1951; Kullback 1959). The IT approach is an 
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evidence-based model selection technique useful for investigating complex ecological 

hypotheses (Anderson 2008). Performance of models was ranked according to the Akaike 

information criterion corrected for small sample size (AICc) along with model weights, and 

model summaries were reported for the presence/absence as well as abundance models with the 

lowest AICc value. The area under the curve (AUC) metric was computed for the best 

performing presence/absence model as a measure of accuracy. Specificity (true negative) and 

sensitivity (true positive) rates were also computed for the best performing presence/absence 

model and plotted with estimated probabilities of occurrence in order to find the optimal 

probability (i.e., the 'cutpoint') in which both rates are maximized. Predicted probabilities 

greater than or equal to the optimal cutpoint were considered presences and all observations with 

probabilities less than the optimal cutpoint were considered absences. 

When developing the count model, I decided to parse all sampling points in the Point Bar 

and Mid Channel mesohabitat classes based on the very low probabilities associated with A. 

neislerii occurrence in these two habitats. The fit and accuracy of the most informative 

abundance model was assessed by calculating the regression coefficient (R2
) from a linear 

regression between observed and predicted counts of A. neislerii at the sampling plot level 

(Pineiro et al. 2008), and points were tested for correlation using a Pearson correlation test. 

Residuals were plotted to assess fit. 

To generate an estimate of the total abundance of A. neislerii in the middle reach using 

the predictive capacity of most informative count model, I first overlaid a raster grid on the study 

area with a cell size equal to the actual mussel sampling area used in this study (10 m2
). A point 

was assigned to the centroid of each cell in the grid, and each point was attributed unique values 

for each of the habitat variables included in the most informative abundance model. Because the 
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Point Bar and Mid-Channel observations were not included in the development of the count 

model, all points of the grid located within the Mid-Channel and Point Bar mesohabitats were 

removed from the dataset, leaving ~ 150,000 points covering the Inner and Outer Recirculation 

Zone and the Pool/Outer Bank mesohabitat classes. The point data table was imported in R, and 

the prediction function of the MASS package was used to predict the abundance of A. neislerii at 

each point using the most informative count model. The sum total of predicted abundances 

provided a raw estimate of the number of A. neislerii occurring across the entire study area. 

When predicting abundance across a landscape, practitioners should consider the ranges 

associated with predictor variables, and exercise caution when attempting to predict outside of 

the range of values inherent in the model (Guisan and Thuiller 2006). In other words, a model 

should not be used to extrapolate beyond the information used to build it. When examining 

preliminary results of predicted abundance in specific regions of the map, particularly those 

associated with areas close to the river banks in the Pool/Outer Bend mesohabitat, I noticed 

unrealistically high values (>1,000 mussels/m2
). These values exceeded the maximum level of 

abundance observed during the field survey, and were associated with the predictor "nearest 

distance to unstable habitat" that exceeded the range of values in the sample set used to develop 

the model. Therefore, I removed all GIS-generated prediction points with values outside the 

range of model set variables. The remaining predictions at each point across the landscape were 

summed to provide an "adjusted" reach wide population estimate of A. neislerii. 

Verifying the accuracy of predicted abundance 

Although it was beyond the scope of this study to conduct additional field sampling to 

evaluate the accuracy of abundance model predictions, an independently-derived data set was 
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available from recent sampling conducted by Gangloff (2012) in my study area. These data 

enabled me to compare and contrast density and abundance estimates made using two different, 

quantitative approaches at both site and reach scales, and to identify primary factors associated 

with differences in abundance estimates. This sampling approach involved 5-6 transects 

originating at, and oriented perpendicular to, the bank at each sampling site (Gangloff 2012). A 

suction dredge was used to excavate consecutive, 0.25-m2 quadrats along each sampling transect. 

The use of a suction dredge, although time-consuming, is considered both quantitative and 

highly effective at capturing mussels present within a sampling frame (Strayer and Smith 2003). 

Sites sampled by Gangloff (2012) were randomly selected from a set of suitable mussel sites 

whose upstream and downstream boundaries had been defined prior to this investigation. 

Gangloff' s (2012) set of suitable sites were located within the Inner and Outer Recirculation 

Zone mesohabitat classes mapped in this study. 

The spatial data associated with the previous sampling sites, in combination with reported 

transect measurements, allowed me to generate and overlay polygons in the habitat map 

representing the approximate areas sampled by Gangloff (2012). I used these polygons to extract 

my model-based estimates of abundance at each of the sampling sites for an analysis of 

congruency between the two estimates at the site scale. Gangloff (2012) provided a reach-wide 

estimate of A. neislerii abundance by multiplying the total length of all available mussel sites by 

the average number of mussels estimated to occur per longitudinal meter of sampled sites. To 

derive a comparable, reach-wide estimate from the count model, I used the coordinates of all 

available mussel sites and the average length of all transects sampled by Gangloff within my 

study area to generate a set of equivalent polygons, and used these polygons to extract the 

corresponding model-based estimates from my abundance map. 
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Results 

I sampled a total of 164 radial plots each 10 m2 for a total area sampled of 1640 m2
. A 

total of 3958 individual A. neislerii were collected. Amblema neislerii was the 3rd most abundant 

mussel among species collected, comprising 34.5% of the total mussels collected. Juvenile A. 

neislerii S. 30 mm represented 5 .4% of the total collection, and 2.2% of A. neislerii were S. 20 

mm. 

Significant differences (P < 0.0001) were found between mesohabitat classes and A. 

neislerii counts per sample plot (Figure 12). Nearly all (99.3%)A. neislerii were found in 21% of 

the study area, all of which consisted entirely of smooth bedform signatures in sonar imagery 

(Inner and Outer Recirculation Zones, Pool/Outer Bank; Table 8). Amblema neislerii were 

notably absent from sampling locations in the ripple and dune bedform mesohabitats. 

Approximately 80% of the sampling plots were unoccupied within the Point Bar mesohabitat 

class and only 1 sampling plot was occupied in the Mid Channel. Amblema neislerii was found 

at a maximum depth of8.5 m, and a maximum of37.1 m from the edge of the 141.5 m3s-1 bank. 

The maximum A. neislerii density observed was 43.4 mussel/m2
. 

A dramatic increase was observed in site-level A. neislerii density from 0.5 mussels/m2 at 

site 19 (rkm 85), to 5.3 mussels/m2 at site 29 (rkm 75). Site density remained relatively high at 

the two sites downstream (rkm 68 and 60; Figure 9). Although observed maximum densities 

among the different mesohabitat classes peaked at different sites, the trend in mean density of the 

Outer Recirculation Zones closely resembled the overall average site density trend across the 

study area (Figure 9). 
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Of the six top ranking presence/absence models, there was strong support for the model 

that included the explanatory variables of mesohabitat class, rkm, and distance to low flow 

bankline (Table 9). Two models comprising a small proportion of AIC weight included the 

additional variables of distance to unstable habitat and water depth. The AUC of the top ranked 

presence/absence model was 0.939, with an optimal cutoff probability for predictions occurring 

at 0.7 (Figure 14). No observations within the Point Bar and Mid Channel habitats (n=62) had 

greater than a 70% chance of A. neislerii occurrence. Coefficient estimates of the top ranked 

presence/absence model indicated that all smooth bedform mesohabitat classes were positively 

associated with the presence of A. neislerii (Table 10). The Mid Channel mesohabitat class was 

negatively associated with the species presence. Model coefficients for rkm and distance to low­

flow bankline indicated that habitats located further upstream, or further from the bank had lower 

likelihoods of A. neislerii occurrence. The probability of A. neislerii occurrence (ii\) was 

represented by the most informative multiple logistic regression model in the following equation: 

exp({J0(Point Bar)+ {31 (Inner Recirculation Zone)+ (J2 (Outer Recirculation Zone)+ {J3 (Pool Outer Bank)+ 

~ (-/14 (Mid Channel))+ (-{l,(rkm)) + (- {16 (Distance to low flow hank))) 
n, = 1 + (exp((Point Bar)+ {31 (Inner Recirculation Zone) + {J2 (Outer Recirculation Zone)+ {J3 (Pool Outer Bank) + 

(-{J4 (Mid Channel))+ (-P5(rkm)) + (- P6 (Distance to low flow bank)))) 

The count model set showed the top ranked model to be the single most parsimonious 

model with a model weight of0.99 (Table 11). The top ranked model contained variables of 

mesohabitat class, rkm, distance to low-flow bankline, and distance to unstable habitat, while 

models that included variables of substrate type and water depth had little support (Table 11 ). 

For the top ranked abundance model, rkm and distance to low-flow bankline had a negative 

relationship with A. neislerii counts, whereas distance to unstable habitat had a positive effect on 
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A. neislerii counts (Table 12). The number of A. neislerii per 1 Om2 sampling point was 

represented by the most informative count model in the following equation: 

/Jo (Inner Recirculation Zone) + /J1 ( Outer Recirculation Zone) + 
ln(# A-:rie°isleru,) = /J2 (Pool Outer Bank)+ (-/J3 (rkm)) + 

(-{J4 (Distance to low flow bankline) + (-fJ5 (Distance to unstable habitat)) 

Observed and predicted numbers were significantly correlated (P < 0.001). The 

regression coefficient (R2
) between the observed number and predicted number from the highest 

ranked count model was 0.34, and the slope of the regression line equaled 0.85 (Figure 15). The 

scatterplot of residuals between observed versus predicted A. neislerii contained normal 

variability. Two outliers were identified in the plot; one outlier involved an observation of 434 

mussels and a model prediction of 86 mussels, and the other outlier involved a prediction of 3 51 

mussels relative to an observation of 230 mussels (Figure 15). 

Amblema neislerii population estimate 

The most informative count model generated an estimate of 8,687,083 A. neislerii within 

the 700 ha study reach. This included an estimated 1, 178, 708 mussels in the Inner and Outer 

Recirculation Zones combined, and an estimated 7,508,375 mussels in the Pool/Outer Bank 

mesohabitat class. The area of prediction included only the Inner and Outer Recirculation Zone 

area, and 89.7 % of the Pool/Outer Bank mesohabitat class. The excluded portion of the 

Pool/Outer Bank (118,020 m2
) represented areas primarily near the river banks that fell outside 

of the range of predictor variables used to build the model. 
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Comparisons with an independent dataset 

The average A. neislerii density observed in this survey within Inner and Outer 

Recirculation Zone mesohabitat classes was 4.1 mussels/m2
, while the average A. neislerii 

density sampled previously was 4.9 mussels/m2 across 12 Inner and Outer Recirculation Zone 

sites within my study area (Gangloff 2012). At the site level, I found no correlation between A. 

neislerii abundance estimates from the count model and corresponding estimates made by 

Gangloff (2012; Figure 11). The count model over-estimated the number of A. neislerii 

estimated by Gangloff (2012) at several sites, but also underestimated the number existing at a 

few sites by a greater magnitude. This trade-off resulted in a total estimated number of A. 

neislerii occurring within Gangloff (2012) sampling sites of81,907 mussels, a number somewhat 

lower than estimated by Gangloff (n= 86,335; 2012). Likewise, when examining only the exact 

same areas considered by Gangloff (2012) as 'potential' habitat that fell within my study area, 

my reach wide estimate of numbers of A. neislerii (n= 175,124) was lower than Gangloff's 

(2012) estimate of 199,679 mussels. 

Area of potential A. neislerii habitat varied widely between what I identified with sonar 

mapping and what Gangloff (2012) identified (Figure 13 ). Gangloff' s (2012) potential habitats 

covered 46,455 m2 over 43 sites within my study area, while the sonar habitat map oflnner and 

Outer Recirculation Zones covered 429,880 m2 across 101 mesohabitat patches (Table 10), thus 

the sonar habitat mapping approach identified twice as many sites and ten times more area than 

previously identified by field reconnaissance and inspection of areal imagery (Figure 12). 

Gangloff's (2012) maximum sampled depth was reported as 2.25 m, and maximum transect 

length (distance from bank) was 15.0 m, while I sampled to a maximum depth of 4.6 m and a 

maximum distance to the bank of22.4 m within Inner and Outer Recirculation Zone 
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mesohabitats. In these habitats, A. neislerii was collected in 12 of 12 sampling plots occurring at 

depths greater than the maximum sampled by Gangloff(2012), and in 4 of7 plots occurring at 

greater distances to the bank than sampled by Gangloff (2012). 

Species distribution map 

The results of predicted probabilities of A. neislerii occurrence and abundance when 

displayed in a spatial context revealed highest probabilities and abundances occurring near and 

parallel to the bank (Figure 18; Figure 19). Predicted probabilities of< 0. 7 were notably located 

within the Inner and Outer Recirculation Zones and the Pool/Outer Bank mesohabitat classes, 

and were located near the edge adjacent to the Mid Channel (Figure 18; Figure 20). Points with 

predicted probabilities of< 0.7 were considered unoccupied areas, composing 20% of the 

smooth bedform mesohabitat areas. The Pool/Outer Bank mesohabitat class displayed a larger 

area of high(> 100 mussels per 10-m2 cell) predicted abundances than in the Inner and Outer 

Recirculation Zones (Figure 21). 

Discussion 

The results of this study profoundly alter existing paradigms of A. neislerii distribution in 

the middle reach of the Apalachicola River. The species had been previously described as 

primarily inhabiting shallow, near bank habitats where stable substrates existed (EnviroScience 

2006a; Beidenharn 2007; Harvey 2007; Miller and Payne 2007; USFWS 2012). This association 

raised major concerns for population-level impacts due to stranding and mortality associated 

with river level fluctuations (i.e., manipulated draw down rates; EnviroScience 2006a; USFWS 

Biological Opinion 2012), and motivated additional research to assess levels of vulnerability 
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(Gangloff 2012). With respect to the inner and outer recirculation zones traditionally surveyed 

for A. neislerii, I have determined that these stable mesohabitats are not only larger and more 

numerous than previously described, but that A. neislerii can be found in greater depths and 

further distances from the bank in this reach of the Apalachicola River. I mapped nearly 10 X 

the amount of suitable inner and outer recirculation zone habitat than was previously considered 

when Gangloff (2012) estimated abundance in the study reach. 

Amblema neislerii is not restricted to shallow water and channel margin habitats as 

previously thought, and therefore populations may be more resilient to reductions in water level. 

EnviroScience (2006a) reported most A. neislerii sampled quantitatively were found at depths :S 

1 m, and Miller and Payne (2007) found A. neislerii to depths of 2. 7 m, while the USFWS 

Biological Opinion (2012) reported A. neislerii sampled up to a depth of 5 min moderately 

depositional as well as moderately erosional habitats, but stated that a majority of the population 

occurred at depths of 1 m. In contrast, 56% of the total A. neislerii collected in this study 

occurred at depths 2: 1.0 m. Amblema neislerii was found in five sampling points with depths 

greater than 5 m, and to a maximum depth of 8.5 m. In addition to greater depths, A. neislerii 

was also found in greater distances from the bank than other studies. Gangloff (2012) found A. 

neislerii to a distance of 22.4 m from the bank, whereas the maximum distance from the bank of 

a sample containing A. neislerii was 3 7 .1 m in this study. 

Furthermore, large numbers of A. neislerii were regularly documented in a habitat not 

well sampled in past studies- the Pool/Outer Bank mesohabitat class. Little is known about A. 

neislerii populations living in this habitat, and the high rate of occupancy observed in the 

Pool/Outer Bank habitat was unexpected. Amblema neislerii was found at depths between 2.3-

8.5 meters in the Pool/Outer Bank, and the average density in this habitat was nearly equal to the 
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densities of the Inner and Outer Recirculation Zones. Because the Pool/Outer Bank mesohabitat 

class covers such a large area, the potential number of A. neislerii existing in this mesohabitat 

class is substantial. The total habitat area of the Pool/Outer bank may have been underestimated 

due to the 2-dimentional nature of sonar habitat mapping. The steep bank slope of the Pool/Outer 

Bank habitat exists as a 3-dimentional environment, and consequently the 2-D sonar habitat map 

did not quantify the 15-30ft vertical face of the outer bank. Interestingly, EnviroScience (2006a) 

reported that upper portions of moderately-erosional, steep banks adjacent to deep (~20 ft) water 

were 1 of 3 primary habitats where A. neislerii were found in highest abundance. The authors 

also noted the occurrence of the species in deep water adjacent to steep banks, but suggested 

mussels occurred there because they were dislodged from the upper bank. The vertical wall of 

the outer bank was not properly quantified in the map, and no sampling points were randomly 

assigned to the bank wall, causing a portion of A. neislerii habitat area to be excluded from this 

study. 

Hydrodynamic forces occurring within the Pool/Outer Bank habitat in meander bends 

may explain how A. neislerii is able to survive embedded in the bank material. As water flows 

around a steeply banked meander bend, secondary flow patterns develop close to the bank that 

decrease the sheer stress acting on the upper portions of the vertical face that effectively decrease 

scouring forces and stabilize erosion (Bathurst et al. 1979; Blanckaert 2011; Garcia et al. 2012). 

Meanwhile the lower portions and the horizontal bed experience mostly primary flows causing 

greatest shear stresses that are responsible for the erosional nature and smooth plane bedform 

used to classify the Pool/Outer Bend. However, 1/3 of observations in the Pool/ Outer Bank 

reported fine particle substrate types (Figure 22), which suggest the hydrodynamic conditions 

within the Pool/Outer Bank habitat area are not uniformly erosional and that deposition of fine 
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particles does occur at many locations within this habitat at some point in the hydrodynamic 

cycle. Research on seasonal variation in hydrodynamic conditions in thalweg environments 

suggests that these environments may experience a shift from erosional at higher flows to 

depositional at slower flows (Keller 1971; Thompson et al. 1999; MacWilliams et al. 2006). The 

effect of large woody material may also be responsible for local deposition of finer sediments 

observed in many Pool/Outer Bank sampling points (Figure 23). Large woody material can 

deflect flows during floods, cause deposition of sediments, stabilize banks, and provide habitat 

for many aquatic organisms (Mutz, 2000; Abbe and Montgomery, 1996; Thompson 1995; 

Gumell et al. 1995). EnviroScience (2006a) found A. neislerii living next to large woody 

material located 20-30 m from the bank, and many Pool/Outer Bank observations in this study 

reported large woody material occurring within the sampling point area. Although I did not 

attempt to quantify the amount of large woody material in the study area, large aggregations of 

woody material are easily identified in sonar imagery (Figure 24). Indeed, large woody material 

aggregation were sometimes too dense to sample with SCUBA safely, causing some sampling 

points to be aborted, and possibly causing bias towards sampling areas with less woody material. 

Juvenile mussels were also located in this habitat, including the largest collection of juvenile A. 

neislerii among any sampling point (38 < 20 mm). The high occupancy rates of the sampling 

points in the Pool/ Outer Bank habitat class (26 of 29) strongly suggests this habitat class 

contains suitable habitat conditions for A. neislerii. 

Unsuitable habitats were identified with ease. The rippled and duned bedform patterns 

used to define the Point Bar and Mid Channel mesohabitats are indications of turbulent nearbed 

flow conditions and high bedform mobility, and are easily discemable in sonar imagery (Deitrich 

et al. 1979; Elliot et al. 2004; Manley and Singer, 2007; Zigler et al. 2008). Sampling results are 
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consistent with the assumed unsuitable nature of the Point Bar and Mid Channel mesohabitat 

classes, as a very small portion of sampling points within these classes were found to contain 

only a few individuals. The small numbers of A. neislerii occurring in the Point Bar mesohabitat 

class is not surprising due to the close proximity and upstream location of adjacent habitat 

classes that held large numbers of A. neislerii (Outer Recirculation Zone, Pool/Outer Bank). 

Mussels could be displaced or move short distances from the upstream habitats across 

boundaries to the Point Bar once flow conditions subside after floods. One observation in the 

Mid Channel habitat contained 9 A. neislerii, but this sampling location was < 1 m from an Outer 

Recirculation Zone boundary. GPS or mapping error alone (3 - 5 m) could have resulted in 

displacement of the sample point slightly outside of the mesohabitat actually sampled in the 

survey causing misidentification when assigning the mesohabitat class variable to the point 

dataset in the map. Although fewer points were sampled in the Mid Channel than other habitat 

types, only one sampling point contained A. neislerii, and additional sampling in the Mid 

Channel is unlikely to detect mussels in this unsuitable habitat. 

The increase in total suitable habitat area estimated by this study resulted in an increased 

estimate of population abundance in middle reach of the Apalachicola River. By simply 

multiplying habitat area by the average A. neislerii density sampled per habitat class (Gangloff 

2012), the number of A. neislerii in this study was estimated to be an order of magnitude greater 

than previous estimates. However, this simple estimate does not address the variability likely 

occurring within habitat classes and among sites, and a more comprehensive model would 

provide a more accurate total population estimate. 

The species distribution models developed in this study used relatively simple and easily 

derived habitat metrics obtained from sonar-based habitat maps and GIS software, and provide 
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more detail on factors associated with A. neislerii distribution and abundance in the Apalachicola 

River. Distance to the 141.5 m3s-1 (5,000 fs-1
; "low flow") bank, distance to unstable habitat, 

and rkm were all generated post survey, and the inclusion of these variables in the most 

informative models suggests these metrics represent relevant ecological phenomena controlling 

A. neislerii distribution and abundance. 

Distance to the low flow bank was found in the most informative of both 

presence/absence and abundance models, suggesting that as distance to the water's edge at low 

flow increases, the likelihood of mussel occurrence and abundance decreases. Previous studies 

have also reported a decline in A. neislerii occurrence and abundance as distance to the wetted 

edge increases (EnviroScience 2006a; Gangloff 2012). Relationships between A. neislerii 

occurrence and abundance and distance to low flow bank measured in this study were important 

in the most informative models primarily because I conducted all sampling during a period of 

141.5 m3s·1 (5,000 ff1
) river flow conditions that represent the minimum water level currently 

allowed in the Apalachicola River. If the wetted edge of the river had been defined at higher 

flows and sampled during a period of greater discharge, the distance to bank relationship may not 

be as strong as measured in this survey. Receding flows force mussels residing near the water's 

edge to relocate to lower elevations or face desiccation, and consecutive periods of seasonally 

low flows would eventually shift the distribution to lower elevations. Surveys that do not 

consider the history of flows with respect to the location of mussels in the channel might falsely 

conclude mussels don't exist or are at lower densities in locations near the bank if sampling 

occurs in areas that were exposed during recent hydraulic periods. 

Distance to unstable habitat as an influential habitat metric effecting A. neislerii 

abundance is supported by the most informative abundance model. Results of the areal change 
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analysis performed in Chapter I provide evidence to explain why this variable is significant 

within stable habitats. The Mid Channel habitat is composed of migrating sand dunes and was 

observed to shift to some extent across the boundaries of smooth bedform and stable habitats 

(Inner and Outer Recirculation Zone, Pool/Outer Bank) after a 10-year flood event. Mussels 

residing near such a boundary could face dislodgement, burial, or be forced to migrate when 

boundaries between stable and unstable bed conditions change. Guisan and Thuiller (2005) 

identified distance to disturbances as a main influence on species distribution in general, and 

recommended such metrics to be included in SD Ms if statistically supported. 

The inclusion of rkm in the most informative of both presence/absence and abundance 

models reflected a longitudinal trend on riverine habitat and A. neislerii distribution and 

abundance, with A. neislerii densities remaining relatively low in the three most upstream sample 

sites (sites 8, 12, and 19) and then increasing dramatically at the remaining downstream three 

sites (site 29, 38, 46; Figure 13). The trend of total A. neislerii density per sampling site (i.e., 

rkm) shows a spike at rkm 75 (site 29; river navigation mile 46). Gangloff (2012) observed a 

similar increase in A. neislerii density between rkm 75 - 67 (river navigation mile 46-39). To 

some extent, increases in abundance in downstream directions is consistent with river ecology 

theory such as the river continuum concept (Vannote et al. 1980). If the meandering 

characteristic of the river supports the formations of stable, suitable habitat (Garcia et al. 2012), 

and the cumulative availability of such habitat increases in the downstream direction, then the 

factors responsible for increased A. neis/erii density within this portion of the middle reach could 

be attributed to slower water velocities due to a flattening of elevation gradient that would 

increase concentration and retention time of nutrients in recirculating environments as distance 

down river increases. A decrease in gradient would slow water velocities and decrease the 
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distance required for water to change direction around a meander bend, resulting in smaller sites. 

This is supported with lower than average mesohabitat areas occurring at a similar location on 

the river as a marked flattening of gradient (Figure 8; Figure 10), and a shortening of meander 

bend length is visible in the map of the study area (Figure 1). Locations oflower gradient and 

slowed water velocities could also increase the settlement of glochidia entrained in the transport 

mechanism of fine particulates (Morales et al. 2006). 

Large slough-like embayments also appear at this section of the study area, which could 

provide a substantial amount of biological enrichment to downstream and adjacent habitats. Off­

channel habitats such as sloughs and tributary mouths were not sampled because they were not 

included in the sonar habitat map, however, past studies have encountered A. neislerii living in 

slough and off-channel environments (Payne and Miller, 2002; EnviroScience 2006a). 

Water depth and substrate type provided no additional explanatory power in the most 

informative models, suggesting A. neislerii presence/absence and abundance is only weakly 

related to these commonly-measured parameters. In contrast to previous reports of a significant 

association between water depths and abundances (EnviroScience 2006a; Gangloff 2012), A. 

neislerii was found across a range of depths and model AI Cc values support the hypothesis that 

water depth is less of an important factor in controlling A. neislerii distribution and abundance 

than previously reported. Like water depth, A. neislerii was found in a variety of substrate types. 

These findings indicate that an attempt to characterize suitable mussel habitat using substrate 

alone would not have succeeded in this river reach (Strayer and Ralley 1993; Brim Box et al. 

2002; Strayer 2004). The model results show that mesohabitat class was a stronger explanatory 

measure than substrate type, and all occupied classes exhibited a heterogeneous substrate 

composition (Figure 23). 
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Using the explanatory variables I derived with sonar and GIS analysis tools to develop 

models for predicting A. neislerii occurrence and abundance across our study area was a primary 

objective of this study. The most informative presence/absence model predicted 18% of the study 

occupied, all of which was located within smooth bedform mesohabitat classes. Although the 

abundance model only included the smooth bedform mesohabitat classes, not all areas within the 

smooth bedform mesohabitat classes were predicted to contain at least one mussel, and a map of 

predicted abundances clearly indicated variation across mesohabitats. Predicted abundances 

exhibited an increasing trend with increasing study site, and therefore also with distance 

downstream (Figure 22). This longitudinal trend is most likely due to effect of rkm on estimates 

of abundance at downstream study sites, and indicates rkm describes longitudinal variation in A. 

neislerii density. A marked increase in estimated abundance for all sites downstream of the site 

with highest observed average density exemplified the effect of rkm on predicted A. neisler;; 

abundance (Figure 22). No significant increase in suitable habitat areas occurred at lower study 

sites (Figure 8), further suggesting the rkm variable is largely responsible for the trend in 

predicted abundances. 

Assessments of within model performance revealed strengths and some weaknesses of 

the models developed in this study. The most informative presence/absence model contained low 

type I and II error when predicting occurrences (Figure 14), and therefore provided a statistically 

accurate predictive species distribution model for A. neislerii presence/absence at the 10 m2 scale 

in this reach of the Apalachicola River. Regression analysis between predicted abundances by 

the most informative count model and the observed counts from the survey were significantly 

correlated, however a R2 of 0.34 suggests the accuracy of the count model needs improvement. 

44 

USFWS0043984 



The geospatial map of abundance that resulted from the population estimate procedure 

allowed me to validate the count model predictions with data collected from an independent 

study conducted by Gangloff (2012). Predicted abundances estimated to occur within equal areas 

ofGangloff(2012) sampling sites showed a lack of correlation in regression analysis between 

site level abundance estimates (Figure 16), suggesting variables not included in the model 

influenced abundance at the sub-mesohabitat or site level. This is not surprising as I focused on 

using only a few, simple, easily measured variables to model abundance across the large spatial 

extent of the study area. Abundance estimates on a site by site basis showed the count model 

consistently predicted greater abundances than Gangloff's 2012 estimate. However, the count 

model predicted lower abundance by a larger degree at three points, causing estimates from each 

study to be similar when totaled across Gangloff (2012) sample sites. Population estimates 

between the two methodologies were also similar when comparing a reach-wide estimate to 

habitat areas identified by Gangloff in 2012. This indicates the variation observed between 

estimates at the site level balances at the reach scale. 

The lack of correlation between my site-level estimates and the site-level estimates of an 

independent survey (Gangloff 2012) could be the ·result of unexplained variation due to 

explanatory variables not included in the model. Alternate variables such as slope, sinuosity, or 

radius of curvature may improve the accuracy of estimates made at the scale used to develop the 

count model (10 m2
), and therefore may result in more accurate estimates at the higher, site-level 

scale. For example, A. neislerii densities have been shown to be highest between rkm 75 ~ 67, 

and this area exhibits distinctly less gradient (Figure 10), shorter site length (Figure 8), and 

contains a greater proportion of smooth bedform area per site than sites upstream and 
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downstream (Figure 9). Using hydrogeomorphic variables associated with these observations 

could be incorporated in future count models. 

A closer inspection of where the count model estimated greater numbers of A. neislerii 

than M. Gangloff revealed four of these sites were occurring below a natural side channel known 

as the Chipola Cutoff at rkm 65. Gangloff (2012) observed decreased A. neislerii density at 

several sites below this feature. Further investigation revealed dredging activities for navigation 

channel maintenance conducted by the USACE was heavily concentrated in several areas 

directly below the Chipola Cutoff until a moratorium in 2001 (USACE Dredging Report 2001, 

unpublished data). However, even though the single site sampled below the Chipola Cutoff 

contained less A. neislerii than sites sampled upstream, the observed decrease in A. neislerii 

density was not great enough to be represented in the count model and consequently caused 

predicted abundance to steadily increase below the Chipola Cutoff (Figure 23). The combination 

ofGangloffs (2012) data, USACE dredging locations, and knowledge of shallow channel 

bathymetry led to removal of study sites 41, 42, 48, and 50 below the Chipola Cutoff from the 

population estimate. This removed nearly 1,500,000 mussels from the initial population estimate 

for a final adjusted estimate of 7,132,332 A. neislerii potentially living in the study area. 

Although my final population estimate greatly exceeds previous estimates, this estimate 

can be considered conservative. In addition to fully excluding four sites, 118,020 m2 of the 

Pool/Outer Bank habitat was removed from prediction. Furthermore, the tactile sampling 

technique used in this survey may have missed some of the smallest individuals. Gangloff (2012) 

sampled 4.5x as many juvenile A. neislerii less than 30mm using a suction dredge as found using 

tactile searches alone in this study, and therefore observed densities in this study may be slightly 

lower. However, searching with tactile methods in this study still uncovered 221 A. neislerii less 
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than 30mm in length, representing 5.6% of the total population sampled, and leads to the 

conclusion that the sampling method used in this study was still effective at estimating percent 

juveniles and detecting recruitment. 

Population estimates from M. Gangloff (2012) and this study were similar, but I 

estimated dramatically higher numbers of A. neislerii in recirculation habitats when using the full 

extent of suitable habitat area identified with side scan sonar. The discrepancy in population 

estimates is primarily due to the difference in estimated suitable habitat area between the studies. 

All of Gangloff's (2012) sample sites that occurred in my study area were in the Inner and Outer 

Recirculation Zones. However, I quantified total Inner and Outer Recirculation Zone habitat area 

to be an order of magnitude greater than that of Gangloff (2012), and consequently the total 

number of A. neislerii estimated in recirculating habitats was also an order of magnitude greater 

(Table 13). 

The paradigm shift in A. neislerii habitat use and population sizes occurring as a result of 

this study provides an example of how differences in study methodology can significantly 

change estimates of population size and critical habitat. Peterson et al. (2001) reviewed three 

independent studies that assessed the magnitude of environmental degradation to coastal habitats 

from a large oil spill, and found that differences in sampling approaches were responsible for 

polarized conclusions of the extent of damage to natural resources. Sonar habitat mapping was 

employed in this study to identify extent of difficult-to-access habitats and this information was 

used to stratify sampling efforts for an endangered freshwater mussel. Results show that this 

population may be less prone to extinction than previously thought, and it is possible that an 

integrated, sonar-based study approach could identify previously unrecognized habitat for other 

freshwater mussel populations in systems similar to the Apalachicola River. 
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The sonar-based habitat classification employed in this study corresponds to areas of 

stable habitat as measured by complex hydraulic variables in other large alluvial river systems. 

Zigler et al. (2008) created a geospatial model with estimates of substrate stability in a 30-km 

reach of the Upper Mississippi River and found areas of the mid channel that contained large 

sand dunes exhibited high sediment mobility rates and therefore were unstable and shifting, 

while channel margins in sinuous reaches were identified as areas with high probabilities of 

mussel presence and high abundance. Past studies have shown a high degree of correlation 

between stable habitats and mussel abundance (Strayer 1999; Morales et al. 2006; Steuer et al. 

2008; Allen & Vaughn 2010), and large meandering rivers support the formation and 

maintenance of stable habitats adjacent to the bank at the inflection points of meander bends 

(Klienhans et al. 2010). Stable habitats that provide flow refuge from flood disturbances have 

been associated with high probability of juvenile settlement, whether through presence of fish 

hosts (Vaughn and Taylor 2000) or depositional hydrology (Morales et al. 2006), and correspond 

directly to the Inner and Outer Recirculation Zones identified in this study. Areas where flow 

recirculates increases residence time of nutrients that can contribute to higher benthic 

invertebrate diversity and richness (Garcia et al. 2012; Townsend et al. 1989; Vannote et al. 

1980), and can also increase the residency time offish hosts and food required for freshwater 

mussel populations to persist (Strayer 2004). 

To my knowledge, this is the first study to use side scan sonar to classify potential mussel 

habitat across a large river reach, and then use map-derived variables to model distribution and 

abundance at this scale. The entire 700 ha study area was scanned, mapped, and sampled for 

freshwater mussels within one year, further supporting the utility of this study's methodology for 

limited budget and time constricted situations. A similar approach involving mapping potential 
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habitat first, stratifying samples accordingly, and modeling with the resulting data might also 

alter ecological perspectives on other freshwater mussel species in large rivers as this study has 

done with A. neislerii. 

Conclusion 

Identifying the spatial extents of freshwater mussel habitats with side scan sonar habitat 

mapping has considerably altered previous perspectives on Fat Threeridge (Amblema neislerii) 

freshwater mussel populations in the Apalachicola River. Using bedforms to delineate habitats at 

the mesoscale and using time lapse sonar image analysis to confirm their stability provided a low 

cost, efficient approach to focus sample efforts of A. neislerii across this 50 km reach of the 

Apalachicola River. The sampling approach taken in this study revealed A. neislerii residing in 

undistinguished habitats and occupying greater extents than previously recognized, and sonar­

based and GIS-derived habitat variables were sufficient to develop species distribution models to 

estimate population size over large spatial extents. The information gained from this study has 

identified previously unrecognized suitable habitat, and provided a more comprehensive 

perspective of A. neislerii distribution and abundance. I believe the integration of low-cost, sonar 

habitat mapping, stratified mussel surveys, and species distribution modeling may help fill a 

critical gap in information necessary to study and manage these imperiled organisms in a variety 

of other river systems. 
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Tables 

Table 1. Descriptions and features of the mesohabitat classification scheme. 

Mesohabitat 
Flow conditions 

Bed stability & Bedform 
Location in channel Sonar features 

unit depositional pattern pattern 

Unstable; Highly 
Inner bend bank Bright image tone, dunes 

Point Bar Turbulent depositional of coarse Ripples/Dunes 
attached and ripples 

particles 

Inner 
Stable; Moderately Bank attached Smooth texture; darker 

Recirculation 
Recirculation/flow depositional of finer 

Smooth plane 
downstream of image tone; moderate 

separation eddy particles and organic Point Bar inner bank slopes-dull sonar 
Zone matter bend return from edge 

Stable; Moderately 
Smooth texture; darker 

Outer Bank attached image tone; moderate 
Recirculation 

Recirculation/flow depositional of finer 
Smooth plane downstream of bank slopes-dull sonar 

Zone 
separation eddy particles and organic 

Pool/Outer Bend return from edge; large 
matter 

woody material 

Mid-Channel Turbulent 
Unstable; Transport of 

Ripples/ Dunes Center of channel 
Bright image tone, dunes 

coarse particles and ripples 

Stable at low flow; Smooth texture; bright 
Erosion at high flow; 

Bank attached outer image tone; steep/verticle 
Pool/Outer Unidirectional Deposition of coarsest 

Smooth plane portion of meander bank-bright sonar return 
Bend secondary flow particles and 

bend from edge; large woody 
submerged wood material 
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Table 2. Results of the me so habitat classification across the study area. 

Mesohabitat Unit Total Number Average Area Total Area (ha) % of Total Habitat 
of units Per unit (ha) 

Point Bar 49 1.03 50.6 7.3 

Inner Recirculation Zone 49 0.55 27.1 3.9 

Outer Recirculation Zone 49 0.34 15.7 2.3 

Mid-Channel 50 10.0 498.6 71.6 

Pool/Outer Bank 50 2.1 104.3 15.0 
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Table 3. Area in hectares and percent change occurring to each mesohabitat class after a 10 year flood event. The mesohabitat classes 
listed vertically on the left column correspond to the mesohabitat classes that existed preflood, and the horizontally listed mesohabitat 
classes on the top column correspond to the mesohabitats that existed post flood. For example, the inner recirculation zone exhibited a 
3.8% change in area to the Point Bar mesohabitat after the flood event. Shaded boxes represent area of no change. 

Post-flood data 

Point Bar 
Inner Recirculation Outer Recirculation 

Mid-Channel" Pool/Outer Bank 
Zone Zone 

Point Bar 264.9 (80.3%) 2.7 (0.8%) 2.0 (0.6%) 60.2 (18.3%) 0 (0%) 

Inner 
Recirculation 8.0 (3.8%) 167.l (80.4%) 0 (0%) 16.7 (8.0%) 15.9 (7.7%) 

Zone 
Pre-flood Outer 

data Recirculation 1.7 (1.5%) 0 (0%) 853 (71.0%) 25.5 (21.2%) 7.5 (6.2%) 
Zone 

Mid-Channel 66.8 (2.1%) 38.9 (1.2%) 21.4 (0.6%) 3,023.9 (93.5%) 84.9 (2.6%) 

Pool/Outer Bank 0 (0%) 11.6 (1.5%) 11.8 (1.5%) 118.8 (15.6%) 618.8 (8L2%) 
. 
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Table 4. Comparisons of the% net change between pre and post flood sonar habitat maps, and the% change that was measured from 
two sonar habitat maps representing identical field conditions presented here as a measure of¾ mapping error. The% net change that 
occurred between all mesohabitats except the Pool/Outer Bank fell inside the range of% error that could simply be due to differences 
in GPS error and path of the survey vessel. 

Mesohabitat Class Pre-flood Area (m2
) Post-flood Area (m2

) % Net Change 
Range of¾ 

mapping error 

Point Bar 329849 341760 3.6 (+/-) 5.0 

Inner Recirculation Zone 207733 220818 6.3 (+/-) 15.9 

Outer Recirculation Zone 120113 125915 4.8 (+/-) 15.6 

Mid Channel 3235962 3245683 0.3 (+/-) 0.02 

Pool/Outer Bank 760920 724421 -4.8 (+/-) 1.2 
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Table 5. Results of manually selecting polygons associated with a visually noticeable change in bedform pattern. Numbers are 
percentage of mesohabitat class on the left, vertical column that exhibited visually noticeable change in bedform to the mesohabitat 
class on the right, horizontal column. 

Post-flood data 

Inner Outer 
Pool/Outer Point Bar Recirculation Recirculation Mid-Channel 

Bank 
Zone Zone 

Point Bar 0.28 0.19 0 0 

Inner Recirculation 
0.95 0 1.45 0 

Zone 
Pre-flood Outer Recirculation 

0 0 4.13 0 
data Zone 

. 

Mid-Channel 0 0.28 0 0.44 
..... 

Pool/Outer Bank 0 0 0 4.94 
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Table 6. Results of the raw change analysis for suspected stable habitat units and the Pool/Outer Bank habitat. Decrease in area 
due to Mid-Channel expansion is defined as the percent change that occurred from each of these habitats to the Mid Channel habitat 
found in Table 5 above. 

Unverified (raw) Verified physical 

Mesohabitat Unit Mesohabitat unit decrease in area Observed percent area decrease due 

Pre Flood post flood due to mid-channel mappmg error to mid-channel 
expansion (%) expansion (%) 

Inner Recirculation Mid-Channel 7.6 15.9 1.5 
Zone 

Outer Recirculation 
Mid-Channel 20.8 15.6 4.1 

Zone 

Pool/Outer Bank Mid-Channel 15.6 1.2 4.9 
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Table 7. Description and support for variables used in modeling procedure. 

Variable Name 

River Kilometer 

Mesohabitat Class 

Distance to Bank 

Distance to Unstable 
Habitat 

Depth 

Substrate Type 

Description Scale 

Longitudinal variable representing Landscape 
coarse resolution phenomena 

Categorical variable with 5 levels Meso 
representing spatially defined habitat 
types within the river channel 

Continuous variable representing Meso 
distance to wetted edge during low 
flow conditions in the Apalachicola 
River 

Continuous variable representing Meso 
distance to unstable migrating sand 
ripples and dunes associated with 
turbulent hydraulic conditions 

Continuous variable representing Micro 
water depth of the sample point 
during survey 

Categorical variable with 4 levels Micro 
representing predominate substrate 
composition within each sampling 
plot during survey 
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Support 

(Vannote et al. 1980) River 
Continuum Concept; 
Distribution of species changes 
from headwaters to mouths of 
rivers due to geomorphological 
and resource distribution 

(Garcia et al. 2012) Meander 
bends support the formation of 
hydraulic refuge from flood 
disturbances 

(Gangloff2012) A majority of A. 
neislerii were found within short 
distances(<=~ I meter) of the 
bank 

(Guisan and Thuiller 2005) 
Distance to disturbances 
represents a main influence on 
species distribution 

Gangloff 2012; EnviroScience 
2006a found significant 
correlation between depths and 
A. neislerii counts 

A. Neislerii historically 
associated with substrate 
compositions of mixtures of fine 
sand and silt 

Source 

Point shapefile with navigation 
data of the Apalachicola River 
provided by USACE 

Sonar image maps (SIMs) and 
classified polygon shapefile 
representing mapped 
mesohabitats 

Polyline shapefile generated by 
digitizing edge of water from 
aerial photography collected 
during a period oflow flow in 
the Apalachicola River 

SIMs and mesohabitat layers 
representing benthic 
environments exhibiting a sand 
ripple and dune bedform 

Survey data 

Survey data 
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Table 8. Summary of A. neislerii and mesohabitat data. 

#of 
Average A. 

Areal coverage %of 
Average A. sample Range of A. 

neislerii A. neislerii 
Mesohabitat 

within study study 
neislerii plots neislerii A. neislerii 

density x abundance 
Class 

area (m2
) 

density occupied/ sampled per count total 
Area (crude 

model area 
(mussels/m2

) # of plots plot estimate 
sampled 

estimate) 

Main Channel 4,985,217 71.6 0.03 1/27 0-9 9 149,835 NA 

Point Bar 505,010 7.3 0.09 7/35 0-17 30 47,961 NA 

Inner 
Recirculation 270,697 3.9 4.6 29/35 0-244 1602 1,290,186 890,246 

Zone 

Outer 
Recirculation 157,183 2.3 3.7 37/38 0-434 1419 595,826 288,462 

Zone 

Pool/Outer 
1,043,241 15.0 3.1 26/29 0-230 907 3,319,052 7,508,375 

Bank 

Total 6,961,348 100/164 3958 5,402,860 8,687,083 
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Table 9. Summary of small sample size Akaike information criterion (AICc) ranking of A. neislerii presence/absence logistic models. 

Rank Variables ~j K W; 

1 rkm Mesohabitat Class Distance to low 0.0 7 0.7 
flow bankline 

2 rkm Mesohabitat Class Distance to low Distance to 2.2 8 0.2 
flow bankline unstable habitat 

3 rkm Mesohabitat Class Distance to low Distance to Water 3.9 9 0.1 
flow bankline unstable habitat depth 

4 rkm Mesohabitat Class 18.73 6 0.0 

5 Mesohabitat Class 20.6 5 0.0 

6 rkm Water Substrate 40.4 6 0.0 
depth Type 
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Table 10. Model summary for the AICc top-ranked A. neislerii presence/absence logistic model. 

Coefficient Estimate SE z p 

(Intercept) 3.001 1.870 1.609 0.108 

Inner Recirculation Zone 3.309 0.747 4.432 <0.0001 

Outer Recirculation Zone 3.171 0.792 4.003 <0.0001 

Pool/Outer Bank 4.600 0.937 4.907 <0.0001 

Mid Channel -0.298 1.222 -0.244 0.807 

River Kilometer -0.039 0.023 -1.706 0.088 

Distance to Low Flow Bankline -0.141 0.040 -3.574 0.0004 
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Table 11. Summary of small sample size Akaike information criterion (AI Cc) ranking of the A. neislerii abundance models. 

Rank Variables Lli K W; 

1 rkm Mesohabitat Class Distance to Distance to 0.0 6 0.99 
low flow unstable 
bankline habitat 

2 rkm Mesohabitat Class Distance to Distance to Substrate 10.6 7 0.01 
low flow unstable Type 
bankline habitat 

3 rkm Mesohabitat Class Distance to 21.6 5 0.0 
low flow 
bankline 

4 rkm Mesohabitat Class 32.5 4 0.0 

5 Distance to Distance to Water Substrate 46.2 7 0.0 
low flow unstable depth Type 
bankline habitat 

6 Substrate 58.4 4 0.0 
Type 

7 Water Substrate 60.6 5 0.0 
depth Type 

8 Water 62.6 8 0.0 
depth 

9 Mesohabitat Class 64.47 3 0.0 

10 Mesohabitat Class Water 66.52 4 0.0 
depth 
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Table 12. Model summary for the AICc top-ranked A. neislerii abundance model using the GLM procedure with a negative binomial 
distribution. 

Coefficient Estimate SE z p 

(Intercept) 9.750 0.809 12.05 <0.0001 

Outer Recirculation Zone -0.420 0.305 -1.38 0.167 

Pool/Outer Bank 0.943 0.330 2.88 0.0040 

River Kilometer -0.082 0.009 -8.70 <0.0001 

Distance to Low Flow Bankline -0.118 0.022 -5.41 <0.0001 

Distance to Unstable Habitat 0.058 0.015 3.982 <0.0001 
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Table 13. Comparison and contrast between M. Gangloff's 2012 sampling and study results with those from this study. 

Methodology 

M. Gangloff 

This study 

Methodology 

M. Gangloff 

This study 

Average density sampled 
in inner and outer 

recirculation zones 
(musscls/m2

) 

4.9 

4.1 

Sampling Comparisons 

Area of potential inner and 
outer recirculation zone 

habitat in study area (m2
) 

46,455 

427,880 

Max depth sampled in 
inner and outer 

recirculation zones (m) 

2.25 

4.6 

Population Estimate Comparisons 

# A. neislerii estimated 
within M. Gangloff' s 

identified potential habitat 
area 

199,679 

175,124 

# A. neislerii estimated in 
inner and outer 

recirculation zone 
mesohabitat class area 

199,679 

1,178,708 
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# A. neislerii estimated 
within pool/outer bank 
mesohabitat class area 

NIA 

7,508,375 

Max distance from bank 
sampled in inner and outer 

recirculation zones (m) 

15.0 

22.4 

# A. neislerii estimated 
across 700 ha study area 

199,679 

8,687,083 
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Figures 

Figure 1. Study area. 
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Figure 2. Dates of sonar data collection and associated discharges at the Jim Woodruff Lock 
and Dam USGS water gauge. Note the >100,000 cfs flood event occurring in March 2013, 
and the following sonar data collection used for the habitat change analysis. 
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--. PRIMARY FLOW 

~ SECONDARY FLOW 

MESOHABITAT 
PATCH 

Figure 3. Conceptual illustration of the primary and secondary flow environments 
around a meander bend and associated habitat units used for this classification. 
Adapted from Garcia et al. 2012. 
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Figure 4 - Two examples of the standardized approach used to delineate boundaries, in this case 
the boundaries between recirculation zones and mid channel mesohabitats, when such boundaries 
crossed a region of the sonar image occupied by the water column (i.e., the dark band of pixels). 
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Figure 5-Detail of features used to distinguish the Inner and Outer Recirculation Zones from the 
Pool/Outer Bank and Mid-Channel habitats during mapping. A.) Using the dark tonal shift and 
appearance of large woody debris to delineated the IRZ from the POB. B.) Using the bedform 
variation from sand duned and rippled to smooth bedform to delineate the POB, IRZ, ORZ from 
the Mid-Channel. Bedform patterns inspected at a much finer map-scale during mapping 
(-1:300) than shown in this figure. C.) Dark band of pixels representing water depth. In this 
example, the boat passed directly over the smooth and duned bedform boundary during the time 
of collection, so the delineation proceeded across the center of the image. 
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Figure 6 - A section of the completed mesohabitat classification map. Inset shows the consecutive, repeating nature of the mesohabitat 
classes around a typical meander bend. 
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Figure 7- Panels illustrating the 2010 NAIP aerial imagery, sonar image map layers, and the classified mesohabitat map for a bend in 
the Apalachicola River. 
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Figure 8. Breakdown of habitat area per site, where each site contains at least one of each mesohabitat type. Site ID number increases 
with distance downstream, so site 1 is the upstream extent of the study area and site 50 is the downstream extent. The dotted line 
represents the mean site area across all sites. Note sites 27 -34 hold consecutively smaller site areas. 
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Figure 9. Proportion of area covered by each mesohabitat class per site. Note sites 27 to 39 show greater proportions of smooth 
bedform mesohabitats (IRZ, ORZ, POB) than all other sites. 
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Figure 10. Gradient of the Apalachicola River across the study area. Note the change of gradient occurring from site 23 to 39. 
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Figure 11. Example of sand dune and ripple bedform encroachment into smooth 
bedform habitats. Smooth bedforms in Recirculating-Inner Bank (A) and 
Pool/Outer Bank (C) experienced migration of sand ripples and dunes (B) and 
covering oflarge aggregations of woody debris (D). The yellow line represents the 
outer boundary of the smooth bedforms before the flood as they would be digitized 
in ArcGIS, while the red line indicates the boundary digitized after the flood. The 
area quantified as a decrease in habitat is the shaded portion in between the two 
boundaries, as analyzed using the raster calculator tool in ArcGIS. In A and B note 
the bedform and image tone remains consistent before and after the flood event, 
and in C and D, note the persistence of the large woody debris aggregations close 
to the bank. 
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Figure 12. Range of A. neislerii counts sampled within each mesohabitat class. Boxes represent 
inner quartiles, and the solid horizontal black lines represent the median count. Dotted dashed 
lines represent the entire range of counts observed. Counts can be converted to density by 
dividing by the sampling area (10m2

). 
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Figure 13. Trends in mean A. neislerii density between all mesohabitat classes (upper panel) and 
the Outer Recirculation Zone mesohabitat (lower panel) compared to average mean density 
across all mesohabitat classes for each sampling site. Sampling site number increases 
consecutively downstream. Note the large increase in average A. neislerii density at site 29 (river 
kilometer 75), and the congruency between average A. neislerii in the Outer Recirculation Zone 
mesohabitat class and average A. neislerii density across all samples. 
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Figure 14. Plot of sensitivity versus specificity of the top ranking presence/absence logistic 
model. The plot revealed an optimal prediction probability to fall at 0.7 (vertical red line on the 
x-axis), and the AUC was found to equal 0.939 (horizontal red line on the y-axis). 
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ranked negative binomial generalized linear count model. Correlation coefficient (R2
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points was found to equal 0.34, and the slope of the regression line was found to equal 0.85. N = 
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Figure 16. Site level comparisons of A. neislerii estimates between M. Gangloff' s study in 
2012 and the count model predictions estimated from within equal areas sampled by M. 
Gangloff in 2008, 2010, and 2011. R2 = 0.02, and the slope of the regression line is equal to 
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Figure 17. Example of differences in sampling site area between M. Gangloff' s 
2012 study and the habitat extent identified with side scan sonar mapping of 
submerged bedform features. Polygons in each study represent habitat patches 
occurring at the meso-scale resolution of study. 
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Figure 18. Geospatial species distribution model of presence/absence probabilities for A. 
neislerii. Probabilities of.2'._0.7 were associated with the presence of at least 1 A. neislerii in a 10 
m2 cell. Of note, the outer edge of the downstream portion of this Inner Recirculation Zone 
mesohabitat was predicted to have a low probability of A. neislerii occurrence. Gangloff's 
sampling area at this site represented a small fraction of the total mesohabitat area, but was 
located in an area of the highest predicted probability of A. neislerii occurrence. 
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Figure 19. Geospatial species distribution model of abundance. Note area ofM. Gangloff's 
sample site to be restricted to areas predicted to have the highest abundance. The total estimated 
abundance within the Inner Recirculation Zone mesohabitat shown here was 20901.3 mussels. 
Gangloff (2012) estimated that 5358.7 mussels inhabited the portion of this mesohabitat defined 
as the M. Gangloff sample area 
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Figure 21. Site-level view of predicted A. neislerii abundance 
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Figure 23. Trends in predicted number of A. neislerii per site. Sites correspond to the length of a single meander bend that contains at 
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Figure 22. Composition of predominate substrate type of each sampling point per mesohabitat 
class. Mucky Sand = Combination of silt and finest sand particles. 
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Figure 24. Associations between large aggregations of woody debris and counts of A. 
neislerii. Note the adjacent samples inside the sand ripples/dunes bedforms containing 0, 
while the samples located next to large woody debris structures contain 10, 96, and 230 
A. neislerii. 
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From: "Zettle, Brian A SAM" 
To: "Kaeser, Adam" , "Bulger, Heather P SAM" 
Date: Tue Feb 03 2015 04:18:29 GMT+0530 (1ST) 
Subject: RE: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I'm glad to hear you guys are moving forward with the reclassification. The assessment 
you describe regarding dredging locations is something that our navigation folks would 
routinely conduct when there was funding to support the ACF navigation project. I will 
talk to our Operations Division guys and see if this has already been done for the most 
recent survey data. If it has, I think we can share that information with you. If it hasn't, 
they may be able to produce it quickly rather than you trying to work it out. Let me see 
what I can find out. I'll see what data I have on dredging and mussels. I know some 
studies have been done at various locations throughout the District over the years with 
regards to dredging (disposal) and mussels. If you want it specific to fat threeridge, then 
it will be limited to the old work we did on the Apalachicola River. USFWS should have 
access to all of those reports and many others up through 2008 in the Administrative 
record for the RIOP litigation. Jerry Ziewitz should be able to provide a copy if it is not 
available on a shared server or something. If he no longer has it, let me know. Once we 
know what period the USFWS administrative record covers, then I can try to help with 
documents after that period. I'll try to follow up later this week on the dredging locations 
analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

-----Original Message-----
From: Kaeser, Adam [mailto:adam_kaeser@fws.gov) 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification process. 
As discussed during our last meeting, one part of the process involves an assessment of 
the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an assessment of 
this threat that will incorporate several complementary approaches. To begin, we've 
decided to attempt to identify all locations in the channel that might require dredging 
(under a scenario that dredging would be authorized and funded) using the best available 
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data. I have what I believe is the most recent bathymetric data from the survey you 
(ACOE) conducted in the river. I have to look the date up on the survey but I believe it 
was within the last 1 0 years. What I'm thinking of doing is taking the criteria you use to 
classify areas in need of dredging, and using these criteria to identify areas of the channel 
that might need deepening. The criteria I think are at play are 1) minimum depth of 
channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and 
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct 
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE) 
like to conduct this assessment and provide us with a georeferenced data set indicating 
areas that might need dredging? If you are comfortable with USFWS conducting this part 
of the assessment (which of course you can review and QA/QC) then I am willing to do 
so. 

On the topic of dredging and mussels, any information that you have and would like to 
contribute that might be used to conduct an assessment of the potential impact of 
dredging on fat threeridge habitat and/or populations I would be glad to receive at this 
time. 

My third request has to do with compiling all of the past data/reports concerning take 
monitoring work. I have a few spreadsheets on my computer from recent years, but I'm 
hoping you have a folder with all of the past analyses/spreadsheets and reports to 
USFWS. I realize that Karen might have been the recipient of these reports in the past, 
but I would like to establish a complete archive with Grant Webber in our office at this 
time. We (USFWS) will need to have all of these data together to work on an assessment 
of the threat of low-water drawdown on stranding and mortality of fat threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam_kaeser@fws.gov 
http://www. fws. gov/panamacity/sonarhabitatmapping. htm I 

Classification: UNCLASSIFIED 
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Caveats: NONE 

From: "Kaeser, Adam" 
To: "Zettle, Brian A SAM" 
Date: Tue Feb 03 2015 19:58:44 GMT +0530 (1ST) 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Thanks Brian. My first choice would be for you guys to conduct the assessment of areas 
of the channel that could theoretically require dredging. Such work is your area of 
expertise. That said, with the criteria in hand I think I can also complete an assessment. 
Just let me know. Either way, we probably will want to have those criteria spelled out 
(min depth, flow, and width) to include in the assessment documentation. 

Regarding literature and documented effects of dredging- some of the details that would 
be of high relevance include the area of impact around a dredged area of channel. For 
example, if an area is dredged in a river like the Apalachicola, how far would the effects of 
channel destabilization extend in the upstream and downstream directions? We could 
use this info to assess degree of impact to resident mussels. We have a lot of data on 
mussel distribution. What we don't have a lot of is details that would facilitate some type 
of defensible, scientific and quantitative assessment of potential dredging impacts (at 
least not yet anyway). That's what we're working towards. Any assistance is greatly 
appreciated. 

Thanks, 
Adam 

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian.A.Zettle@usace.army.mil> 
wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam , 

I'm glad to hear you guys are moving forward with the reclassification. The 
assessment you describe regarding dredging locations is something that our navigation 
folks would routinely conduct when there was funding to support the ACF navigation 
project. I will talk to our Operations Division guys and see if this has already been done 
for the most recent survey data. If it has, I think we can share that information with 
you. If it hasn't, they may be able to produce it quickly rather than you trying to work it 
out. Let me see what I can find out. I'll see what data I have on dredging and 
mussels. I know some studies have been done at various locations throughout the 
District over the years with regards to dredging (disposal) and mussels. If you want it 
specific to fat threeridge, then it will be limited to the old work we did on the 
Apalachicola River. USFWS should have access to all of those reports and many 
others up through 2008 in the Administrative record for the RIOP litigation. Jerry 
Ziewitz should be able to provide a copy if it is not available on a shared server or 
something. If he no longer has it, let me know. Once we know what period the 
USFWS administrative record covers, then I can try to help with documents after that 
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period. I'll try to follow up later this week on the dredging locations analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

: -----Original Message-----
From: Kaeser, Adam [mailto:adam kaeser@fws.gov] 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification process. 
As discussed during our last meeting, one part of the process involves an assessment 
of the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an assessment of 
this threat that will incorporate several complementary approaches. To begin, we've 
decided to attempt to identify all locations in the channel that might require dredging 
(under a scenario that dredging would be authorized and funded) using the best 
available data. I have what I believe is the most recent bathymetric data from the 
survey you (ACOE) conducted in the river. I have to look the date up on the survey but 
I believe it was within the last 1 O years. What I'm thinking of doing is taking the criteria 
you use to classify areas in need of dredging, and using these criteria to identify areas 
of the channel that might need deepening. The criteria I think are at play are 1) 
minimum depth of channel at a specific flow (e.g. , 8 feet deep at flows of 10,000 cfs or 
greater) 2) and minimum width of channel exhibiting these conditions (e.g., 200 feet 
wide). To conduct this assessment I'm in need of these specific criteria. Alternatively, 
would you (ACOE) like to conduct this assessment and provide us with a 
georeferenced data set indicating areas that might need dredging? If you are 
comfortable with USFWS conducting this part of the assessment (which of course you 
can review and QA/QC) then I am willing to do so . 

. On the topic of dredging and mussels, any information that you have and would like to 
contribute that might be used to conduct an assessment of the potential impact of 
dredging on fat threeridge habitat and/or populations I would be glad to receive at this 
time. 

My third request has to do with compiling all of the past data/reports concerning take 
monitoring work. I have a few spreadsheets on my computer from recent years, but I'm 
hoping you have a folder with all of the past analyses/spreadsheets and reports to 

· USFWS. I realize that Karen might have been the recipient of these reports in the past, 
but I would like to establish a complete archive with Grant Webber in our office at this 

. time. We (USFWS) will need to have all of these data together to work on an 
· assessment of the threat of low-water drawdown on stranding and mortality of fat 
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• threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J . Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws gov 
http://www.fws.gov/panamacity/sonarhabitatmapping. htm I 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www. fws. gov/panamacity/sonarhabitatmapping. htm I 

From: "Pursifull , Sandra" 
To: Adam Kaeser , Grant Webber 
Date: Tue Feb 03 2015 20:47:09 GMT+0530 (1ST) 
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Subject: Fwd: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Anything docs cited in the Woodruff Dam BO, we should have and I can probably find. 

---------- Forwarded message---------
From: Zettle, Brian A SAM <Brian.A.Zettle@usace.army.mil> 
Date: Mon, Feb 2, 2015 at 4:48 PM 
Subject: RE: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 
To: "Kaeser, Adam" <adam kaeser@fws.gov>, "Bulger, Heather P SAM" 
<Heather. P.Bulger@usace.army.mil> 
Cc: Grant Webber <grant webber@fws.gov>, Sandra Pursifull 
<sandra pursifull@fws.gov>, Catherine Phillips <catherine phillips@fws.gov> 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I'm glad to hear you guys are moving forward with the reclassification. The assessment 
you describe regarding dredging locations is something that our navigation folks would 
routinely conduct when there was funding to support the ACF navigation project. I will 
talk to our Operations Division guys and see if this has already been done for the most 
recent survey data. If it has, I think we can share that information with you. If it hasn't, 
they may be able to produce it quickly rather than you trying to work it out. Let me see 
what I can find out. I'll see what data I have on dredging and mussels. I know some 
studies have been done at various locations throughout the District over the years with 
regards to dredging (disposal) and mussels. If you want it specific to fat threeridge, then 
it will be limited to the old work we did on the Apalachicola River. USFWS should have 
access to all of those reports and many others up through 2008 in the Administrative 
record for the RIOP litigation. Jerry Ziewitz should be able to provide a copy if it is not 
available on a shared server or something. If he no longer has it, let me know. Once we 
know what period the USFWS administrative record covers, then I can try to help with 
documents after that period. I'll try to follow up later this week on the dredging locations 
analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

----Original Message-----
F rom: Kaeser, Adam [mailto:adam kaeser@fws.gov) 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 
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Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification process. 
As discussed during our last meeting, one part of the process involves an assessment of 
the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an assessment of 
this threat that will incorporate several complementary approaches. To begin, we've 
decided to attempt to identify all locations in the channel that might require dredging 
(under a scenario that dredging would be authorized and funded) using the best available 
data. I have what I believe is the most recent bathymetric data from the survey you 
(ACOE) conducted in the river. I have to look the date up on the survey but I believe it 
was within the last 1 O years. What I'm thinking of doing is taking the criteria you use to 
classify areas in need of dredging, and using these criteria to identify areas of the channel 
that might need deepening. The criteria I think are at play are 1) minimum depth of 
channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and 
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct 
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE) 
like to conduct this assessment and provide us with a georeferenced data set indicating 
areas that might need dredging? If you are comfortable with USFWS conducting this part 
of the assessment (which of course you can review and QA/QC) then I am willing to do 
so. 

On the topic of dredging and mussels, any information that you have and would like to 
contribute that might be used to conduct an assessment of the potential impact of 
dredging on fat threeridge habitat and/or populations I would be glad to receive at this 
time. 

My third request has to do with compiling all of the past data/reports concerning take 
monitoring work. I have a few spreadsheets on my computer from recent years, but I'm 
hoping you have a folder with all of the past analyses/spreadsheets and reports to 
USFWS. I realize that Karen might have been the recipient of these reports in the past, 
but I would like to establish a complete archive with Grant Webber in our office at this 
time. We (USFWS) will need to have all of these data together to work on an assessment 
of the threat of low-water drawdown on stranding and mortality of fat threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
US. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
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Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
Caveats: NONE 

Sandy Pursifull 
US Fish and Wildlife Service 
1601 Balboa Avenue 
Panama City, FL 32405 
850-769-0552 ext. 240 
850-763-2177 Fax 
sandra pursifuU@fws.gov 
www.fws.gov/panamacity/myssels 

From: "Kaeser, Adam" 
To: "Zettle, Brian A SAM" 
Date: Mon Feb 09 2015 22:16:22 GMT+0530 (1ST) 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Hi Brian, 
Just following up to keep the topics and requests current. If you can try to determine 
whether you have the dredging channel assessment work complete, or can tackle it in 
house, by the end of the week that would be helpful. With the proper criteria, I can try to 
tackle it myself alternatively. We have set some timelines for phases of our assessment 
work which is motivating me to keep this ball rolling. 

Sounds like there's a meeting taking shape for end of the month on Alabama shad. 
Perhaps this would be a good opportunity to exchange info- we're also interested in a 
total package of the take monitoring data, and anything else you might be able to provide 
for background info on dredging in the river- how its done, any studies on mussels, etc. If 
this might be a good date to catch up on this stuff, I can plan to be there. 

Thanks! 
Adam 

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian.A.Zettle@usace.army.mil> 
wrote: 
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Classification: UNCLASSIFIED 
Caveats: NONE 

. Adam, 

I'm glad to hear you guys are moving forward with the reclassification. The 
assessment you describe regarding dredging locations is something that our navigation 
folks would routinely conduct when there was funding to support the ACF navigation 
project. I will talk to our Operations Division guys and see if this has already been done 
for the most recent survey data. If it has, I think we can share that information with 
you. If it hasn't, they may be able to produce it quickly rather than you trying to work it 
out. Let me see what I can find out. I'll see what data I have on dredging and 
mussels. I know some studies have been done at various locations throughout the 
District over the years with regards to dredging (disposal) and mussels. If you want it 
specific to fat threeridge, then it will be limited to the old work we did on the 
Apalachicola River. USFWS should have access to all of those reports and many 
others up through 2008 in the Administrative record for the RIOP litigation. Jerry 
Ziewitz should be able to provide a copy if it is not available on a shared server or 
something. If he no longer has it, let me know. Once we know what period the 
USFWS administrative record covers, then I can try to help with documents after that 
period. I'll try to follow up later this week on the dredging locations analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

-----Original Message-----
F rom: Kaeser, Adam [mailto:adam kaeser@fws.gov] 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification process. 
As discussed during our last meeting, one part of the process involves an assessment 
of the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an assessment of 
this threat that will incorporate several complementary approaches. To begin, we've 
decided to attempt to identify all locations in the channel that might require dredging 
(under a scenario that dredging would be authorized and funded} using the best 
available data. I have what I believe is the most recent bathymetric data from the 
survey you (ACOE) conducted in the river. I have to look the date up on the survey but 
I believe it was within the last 10 years. What I'm thinking of doing is taking the criteria 
you use to classify areas in need of dredging, and using these criteria to identify areas 
of the channel that might need deepening. The criteria I think are at play are 1) 
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minimum depth of channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or 
greater) 2) and minimum width of channel exhibiting these conditions (e.g , 200 feet 
wide). To conduct this assessment I'm in need of these specific criteria. Alternatively, 

· would you (ACOE) like to conduct this assessment and provide us with a 
georeferenced data set indicating areas that might need dredging? If you are 
comfortable with USFWS conducting this part of the assessment (which of course you 
can review and QA/QC) then I am willing to do so. 

On the topic of dredging and mussels, any information that you have and would like to 
contribute that might be used to conduct an assessment of the potential impact of 
dredging on fat threeridge habitat and/or populations I would be glad to receive at this 
time. 

My third request has to do with compiling all of the past data/reports concerning take 
monitoring work. I have a few spreadsheets on my computer from recent years, but I'm 
hoping you have a folder with all of the past analyses/spreadsheets and reports to 
USFWS. I realize that Karen might have been the recipient of these reports in the past, 
but I would like to establish a complete archive with Grant Webber in our office at this 
time. We (USFWS) will need to have all of these data together to work on an 
assessment of the threat of low-water drawdown on stranding and mortality of fat 
threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www. fws. gov /panam acity/sonarhabitatm apping. htm I 

Classification: UNCLASSIFIED 
Caveats: NONE 
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Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www. fws. gov/panamacity/sonarhabitatmapping. htm I 

From: "Phillips, Catherine" 
To: "Kaeser, Adam" 
Date: Mon Feb 09 2015 22:43: 13 GMT +0530 (1ST) 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Yup. It will be the 25th at the lock. You are welcome to be there. 

Catherine T. Phillips, PhD 
Project Leader 
Panama City Field Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
850-769-0552 ext.242 
850-348-6497 (cell) 

On Mon, Feb 9, 2015 at 10:46 AM, Kaeser, Adam <adam kaeser@fws.gov> wrote: 
· Hi Brian, 

Just following up to keep the topics and requests current. If you can try to determine 
whether you have the dredging channel assessment work complete, or can tackle it in 
house, by the end of the week that would be helpful. With the proper criteria, I can try 
to tackle it myself alternatively. We have set some timelines for phases of our 
assessment work which is motivating me to keep this ball rolling. 

Sounds like there's a meeting taking shape for end of the month on Alabama shad. 
Perhaps this would be a good opportunity to exchange info- we're also interested in a 
total package of the take monitoring data, and anything else you might be able to 
provide for background info on dredging in the river- how its done, any studies on 

• mussels, etc. If this might be a good date to catch up on this stuff, I can plan to be 
• there. 

Thanks! 
Adam 
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On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian.A Zettle@usace.army.mil 
> wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I'm glad to hear you guys are moving forward with the reclassification. The 
assessment you describe regarding dredging locations is something that our 
navigation folks would routinely conduct when there was funding to support the ACF 
navigation project. I will talk to our Operations Division guys and see if this has 
already been done for the most recent survey data. If it has, I think we can share 
that information with you. If it hasn't, they may be able to produce it quickly rather 
than you trying to work it out. Let me see what I can find out. I'll see what data I 
have on dredging and mussels. I know some studies have been done at various 
locations throughout the District over the years with regards to dredging (disposal) 
and mussels. If you want it specific to fat threeridge, then it will be limited to the old 
work we did on the Apalachicola River. USFWS should have access to all of those 
reports and many others up through 2008 in the Administrative record for the RIOP 
litigation. Jerry Ziewitz should be able to provide a copy if it is not available on a 
shared server or something. If he no longer has it, let me know. Once we know 

. what period the USFWS administrative record covers, then I can try to help with 
documents after that period. I'll try to follow up later this week on the dredging 
locations analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

-----Original Message-----
From: Kaeser, Adam [mailto:adam kaeser@fws.gov] 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
. We are moving forward with early phases of the fat threeridge reclassification 

process. As discussed during our last meeting, one part of the process involves an 
assessment of the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an assessment 
of this threat that will incorporate several complementary approaches. To begin, 
we've decided to attempt to identify all locations in the channel that might require 
dredging (under a scenario that dredging would be authorized and funded) using the 
best available data. I have what I believe is the most recent bathymetric data from 
the survey you (ACOE) conducted in the river. I have to look the date up on the 
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survey but I believe it was within the last 10 years. What I'm thinking of doing is 
taking the criteria you use to classify areas in need of dredging, and using these 
criteria to identify areas of the channel that might need deepening. The criteria I 
think are at play are 1) minimum depth of channel at a specific flow (e.g., 8 feet deep 
at flows of 10,000 cfs or greater) 2) and minimum width of channel exhibiting these 
conditions (e.g., 200 feet wide). To conduct this assessment I'm in need of these 
specific criteria. Alternatively, would you (ACOE) like to conduct this assessment 
and provide us with a georeferenced data set indicating areas that might need 
dredging? If you are comfortable with USFWS conducting this part of the 
assessment (which of course you can review and QA/QC) then I am willing to do so. 

On the topic of dredging and mussels, any information that you have and would like 
to contribute that might be used to conduct an assessment of the potential impact of 
dredging on fat threeridge habitat and/or populations I would be glad to receive at 

· this time. 

My third request has to do with compiling all of the past data/reports concerning take 
monitoring work. I have a few spreadsheets on my computer from recent years, but 
I'm hoping you have a folder with all of the past analyses/spreadsheets and reports 

· to USFWS. I realize that Karen might have been the recipient of these reports in the 
past, but I would like to establish a complete archive with Grant Webber in our office 

. at this time. We (USFWS) will need to have all of these data together to work on an 
assessment of the threat of low-water drawdown on stranding and mortality of fat 
threeridge. 

: Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know . 

. Thanks, 

. Adam 

· Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
Caveats: NONE 
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Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping.html 

From: "Zettle, Brian A SAM" 
To: "Kaeser, Adam" 
Date: Tue Feb 10 201 5 00:31 :31 GMT+0530 (1ST) 
Subject: RE: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I have discussed with Operations Division and we believe we can produce the information 
you are requesting. However, I'd like to set up a call with the relevant parties so we all 
understand what is needed. Are you available for a quick call later today or tomorrow? 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

-----Original Message-----
From: Kaeser, Adam [mailto:adam_kaeser@fws.gov] 
Sent: Monday, February 09, 2015 10:46 AM 
To: Zettle, Brian A SAM 
Cc: Bulger, Heather P SAM; Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Hi Brian, 

USFWS0088948 



Just following up to keep the topics and requests current. If you can try to determine 
whether you have the dredging channel assessment work complete, or can tackle it in 
house, by the end of the week that would be helpful. With the proper criteria, I can try to 
tackle it myself alternatively. We have set some timelines for phases of our assessment 
work which is motivating me to keep this ball rolling. 

Sounds like there's a meeting taking shape for end of the month on Alabama shad. 
Perhaps this would be a good opportunity to exchange info- we're also interested in a 
total package of the take monitoring data, and anything else you might be able to provide 
for background info on dredging in the river- how its done, any studies on mussels, etc. If 
this might be a good date to catch up on this stuff, I can plan to be there. 

Thanks! 
Adam 

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian.A.Zettle@usace.army.mil> 
wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I'm glad to hear you guys are moving forward with the reclassification. The 
assessment you describe regarding dredging locations is something that our navigation 
folks would routinely conduct when there was funding to support the ACF navigation 
project. I will talk to our Operations Division guys and see if this has already been done 
for the most recent survey data. If it has, I think we can share that information with you. 
If it hasn't, they may be able to produce it quickly rather than you trying to work it out. Let 
me see what I can find out. I'll see what data I have on dredging and mussels. I know 
some studies have been done at various locations throughout the District over the years 
with regards to dredging (disposal) and mussels. If you want it specific to fat threeridge, 
then it will be limited to the old work we did on the Apalachicola River. USFWS should 
have access to all of those reports and many others up through 2008 in the Administrative 
record for the RIOP litigation. Jerry Ziewitz should be able to provide a copy if it is not 
available on a shared server or something. If he no longer has it, let me know. Once we 
know what period the USFWS administrative record covers, then I can try to help with 
documents after that period. I'll try to follow up later this week on the dredging locations 
analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment T earn 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

---Original Message----
F rom: Kaeser, Adam [mailto:adam_kaeser@fws.gov] 

USFWS0088949 



Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull ; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification 

process. As discussed during our last meeting, one part of the process involves an 
assessment of the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an assessment 
of this threat that will incorporate several complementary approaches. To begin, we've 
decided to attempt to identify all locations in the channel that might require dredging 
(under a scenario that dredging would be authorized and funded) using the best available 
data. I have what I believe is the most recent bathymetric data from the survey you 
(ACOE) conducted in the river. I have to look the date up on the survey but I believe it 
was within the last 1 O years. What I'm thinking of doing is taking the criteria you use to 
classify areas in need of dredging, and using these criteria to identify areas of the channel 
that might need deepening. The criteria I think are at play are 1) minimum depth of 
channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and 
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct 
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE) 
like to conduct this assessment and provide us with a georeferenced data set indicating 
areas that might need dredging? If you are comfortable with USFWS conducting this part 
of the assessment (which of course you can review and QA/QC) then I am willing to do 
SO. 

On the topic of dredging and mussels, any information that you have and would like 
to contribute that might be used to conduct an assessment of the potential impact of 
dredging on fat threeridge habitat and/or populations I would be glad to receive at this 
time. 

My third request has to do with compiling all of the past data/reports concerning take 
monitoring work. I have a few spreadsheets on my computer from recent years, but I'm 
hoping you have a folder with all of the past analyses/spreadsheets and reports to 
USFWS. I realize that Karen might have been the recipient of these reports in the past, 
but I would like to establish a complete archive with Grant Webber in our office at this 
time. We (USFWS) will need to have all of these data together to work on an assessment 
of the threat of low-water drawdown on stranding and mortality of fat threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 

USFWS0088950 



Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 ( cell) 
adam_kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam_kaeser@fws.gov 
http://www. fws. gov/panamacity /sonarhabitatm apping. htm I 

Classification: UNCLASSIFIED 
Caveats: NONE 

From: "Kaeser, Adam" 
To: "Zettle, Brian A SAM" 
Date: Tue Feb 10 2015 00:34:17 GMT +0530 (1ST) 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Yes I am, this is great. Today or tomorrow your pick. I'm here tomorrow after 8 central. 

USFWS0088951 



On Mon, Feb 9, 2015 at 1 :01 PM, Zettle, Brian A SAM <Brian.A.Zettle@usace.army.mil> 
wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I have discussed with Operations Division and we believe we can produce the 
information you are requesting. However, I'd like to set up a call with the relevant 
parties so we all understand what is needed. Are you available for a quick call later 
today or tomorrow? 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

----Original Message-----
From: Kaeser, Adam [mailto:adam kaeser@fws.gov] 
Sent: Monday, February 09, 2015 10:46 AM 
To: Zettle, Brian A SAM 
Cc: Bulger, Heather P SAM; Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Hi Brian, 
Just following up to keep the topics and requests current. If you can try to determine 
whether you have the dredging channel assessment work complete, or can tackle it in 
house, by the end of the week that would be helpful. With the proper criteria, I can try 
to tackle it myself alternatively. We have set some timelines for phases of our 
assessment work which is motivating me to keep this ball rolling. 

Sounds like there's a meeting taking shape for end of the month on Alabama shad. 
Perhaps this would be a good opportunity to exchange info- we're also interested in a 
total package of the take monitoring data, and anything else you might be able to 
provide for background info on dredging in the river- how its done, any studies on 
mussels, etc. If this might be a good date to catch up on this stuff, I can plan to be 
there. 

Thanks! 
Adam 

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian.A.Zettle@usace.army,mil 
> wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

USFWS0088952 



Adam , 

I'm glad to hear you guys are moving forward with the reclassification. The 
assessment you describe regarding dredging locations is something that our navigation 
folks would routinely conduct when there was funding to support the ACF navigation 
project. I will talk to our Operations Division guys and see if this has already been done 
for the most recent survey data. If it has, I think we can share that information with 
you. If it hasn't, they may be able to produce it quickly rather than you trying to work it 
out. Let me see what I can find out. I'll see what data I have on dredging and 
mussels. I know some studies have been done at various locations throughout the 
District over the years with regards to dredging (disposal) and mussels. If you want it 
specific to fat threeridge, then it will be limited to the old work we did on the 
Apalachicola River. USFWS should have access to all of those reports and many 
others up through 2008 in the Administrative record for the RIOP litigation. Jerry 
Ziewitz should be able to provide a copy if it is not available on a shared server or 
something. If he no longer has it, let me know. Once we know what period the 
USFWS administrative record covers, then I can try to help with documents after that 
period. I'll try to follow up later this week on the dredging locations analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

----Original Message---
F rom: Kaeser, Adam [mailto:adam kaeser@fws.gov] 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification 

process. As discussed during our last meeting, one part of the process involves an 
assessment of the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an 
assessment of this threat that will incorporate several complementary approaches. To 
begin, we've decided to attempt to identify all locations in the channel that might require 
dredging (under a scenario that dredging would be authorized and funded) using the 
best available data. I have what I believe is the most recent bathymetric data from the 
survey you (ACOE) conducted in the river. I have to look the date up on the survey but 
I believe it was within the last 1 O years. What I'm thinking of doing is taking the criteria 
you use to classify areas in need of dredging, and using these criteria to identify areas 
of the channel that might need deepening. The criteria I think are at play are 1) 
minimum depth of channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or 
greater) 2) and minimum width of channel exhibiting these conditions (e.g., 200 feet 
wide). To conduct this assessment I'm in need of these specific criteria. Alternatively, 

USFWS0088953 



would you (ACOE) like to conduct this assessment and provide us with a 
georeferenced data set indicating areas that might need dredging? If you are 
comfortable with USFWS conducting this part of the assessment (which of course you 
can review and QA/QC) then I am willing to do so. 

On the topic of dredging and mussels, any information that you have and would 
like to contribute that might be used to conduct an assessment of the potential impact 
of dredging on fat threeridge habitat and/or populations I would be glad to receive at 
this time. 

My third request has to do with compiling all of the past data/reports concerning 
take monitoring work. I have a few spreadsheets on my computer from recent years, 
but I'm hoping you have a folder with all of the past analyses/spreadsheets and reports 
to USFWS. I realize that Karen might have been the recipient of these reports in the 
past, but I would like to establish a complete archive with Grant Webber in our office at 
this time. We (USFWS) will need to have all of these data together to work on an 
assessment of the threat of low-water drawdown on stranding and mortality of fat 
threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws,gov 
http://www. fws gov/panamacity/sonarhabitatmapping. htm I 

Classification: UNCLASSIFIED 
Caveats: NONE 
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Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www. fws.qov/panamacity/sonarhabitatmapping. htm I 

From: "Webber, Grant" 
To: "Kaeser, Adam" 
Date: Tue Feb 10 2015 01:29:19 GMT+0530 (1ST) 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Any chance of discussing this today or is it too late in the day? 

><({(( o> ....... ><( ((( o> ..... . ><(((( o> ....... ><( (( ( o> 

Grant Webber 

USFWS0088955 



Fish and Wildlife Biologist 
Panama City Field Office 
U.S. Fish and Wildlife Service 
1601 Balboa Ave 
Panama City, FL 32405 
850-769-0552 X 247 

><((( ( o> ....... ><( ( (( o> ..... . ><(((( o> ...... . ><( (( ( o> 

On Mon, Feb 9, 2015 at 1 :04 PM, Kaeser, Adam <adam kaeser@fws.gov> wrote: 
. Yes I am, this is great. Today or tomorrow your pick. I'm here tomorrow after 8 central. 

On Mon, Feb 9, 2015 at 1 :01 PM, Zettle, Brian A SAM <Brian.A.Zettle@usace.army.mil 
> wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

• Adam, 

I have discussed with Operations Division and we believe we can produce the 
information you are requesting. However, I'd like to set up a call with the relevant 

. parties so we all understand what is needed. Are you available for a quick call later 
• today or tomorrow? 

Brian Zettle 
Biologist 

; Chief, Inland Environment Team 
· U.S. Army Corps of Engineers, Mobile District 

(251) 690-2115 

-----Original Message-----
From: Kaeser, Adam [mailto:adam kaeser@fws.gov] 

. Sent: Monday, February 09, 2015 10:46 AM 
: To: Zettle, Brian A SAM 

Cc: Bulger, Heather P SAM; Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Hi Brian, 
; Just following up to keep the topics and requests current. If you can try to determine 
• whether you have the dredging channel assessment work complete, or can tackle it 

in house, by the end of the week that would be helpful. With the proper criteria, I can 
• try to tackle it myself alternatively. We have set some timelines for phases of our 
· assessment work which is motivating me to keep this ball rolling. 

Sounds like there's a meeting taking shape for end of the month on Alabama shad. 
Perhaps this would be a good opportunity to exchange info- we're also interested in 
a total package of the take monitoring data, and anything else you might be able to 
provide for background info on dredging in the river- how its done, any studies on 

: mussels, etc. If this might be a good date to catch up on this stuff, I can plan to be 

USFWS0088956 



there. 

Thanks! 
Adam 

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM 
<Brian.A.Zettle@usace.army.mil> wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam , 

I'm glad to hear you guys are moving forward with the reclassification. The 
assessment you describe regarding dredging locations is something that our 
navigation folks would routinely conduct when there was funding to support the ACF 
navigation project. I will talk to our Operations Division guys and see if this has 
already been done for the most recent survey data. If it has, I think we can share 
that information with you. If it hasn't, they may be able to produce it quickly rather 
than you trying to work it out. Let me see what I can find out. I'll see what data I 
have on dredging and mussels. I know some studies have been done at various 
locations throughout the District over the years with regards to dredging (disposal) 
and mussels. If you want it specific to fat threeridge, then it will be limited to the old 

[ work we did on the Apalachicola River. USFWS should have access to all of those 
reports and many others up through 2008 in the Administrative record for the RIOP 
litigation. Jerry Ziewitz should be able to provide a copy if it is not available on a 
shared server or something. If he no longer has it, let me know. Once we know 

· what period the USFWS administrative record covers, then I can try to help with 
documents after that period. I'll try to follow up later this week on the dredging 
locations analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

-----Original Message-----
From: Kaeser, Adam [mailto:adam kaeser@fws.gov] 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge reclassification 

process. As discussed during our last meeting. one part of the process involves an 
assessment of the threats identified in the recovery plan for the species. 

USFWS0088957 



One of the threats commonly discussed is dredging. I'm working on an 
assessment of this threat that will incorporate several complementary approaches. 
To begin, we've decided to attempt to identify all locations in the channel that might 
require dredging (under a scenario that dredging would be authorized and funded) 
using the best available data. I have what I believe is the most recent bathymetric 
data from the survey you (ACOE) conducted in the river. I have to look the date up 
on the survey but I believe it was within the last 1 0 years. What I'm thinking of doing 

, is taking the criteria you use to classify areas in need of dredging, and using these 
criteria to identify areas of the channel that might need deepening. The criteria I 
think are at play are 1) minimum depth of channel at a specific flow (e.g., 8 feet deep 
at flows of 10,000 cfs or greater) 2) and minimum width of channel exhibiting these 
conditions (e.g., 200 feet wide). To conduct this assessment I'm in need of these 
specific criteria . Alternatively, would you (ACOE) like to conduct this assessment 
and provide us with a georeferenced data set indicating areas that might need 
dredging? If you are comfortable with USFWS conducting this part of the 
assessment (which of course you can review and QA/QC) then I am willing to do so. 

On the topic of dredging and mussels, any information that you have and would 
like to contribute that might be used to conduct an assessment of the potential 
impact of dredging on fat threeridge habitat and/or populations I would be glad to 
receive at this time. 

My third request has to do with compiling all of the past data/reports concerning 
take monitoring work. I have a few spreadsheets on my computer from recent years, 
but I'm hoping you have a folder with all of the past analyses/spreadsheets and 
reports to USFWS. I realize that Karen might have been the recipient of these 
reports in the past, but I would like to establish a complete archive with Grant 
Webber in our office at this time. We (USFWS) will need to have all of these data 
together to work on an assessment of the threat of low-water drawdown on stranding 
and mortality of fat threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing these 
assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 

USFWS0088958 



http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
Caveats: NONE 

• Adam J. Kaeser, Ph.D. 
· Aquatic Ecologist 
' U.S. Fish and Wildlife Service 

Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 

· (850) 769-0552 ext. 244 
: (850) 348-6496 (cell) 
; adam kaeser@fws.gov 
· http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www. fws. gov/panam acity/sonarhabitatmapping. htm I 
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From: "Zettle, Brian A SAM" 
To: "Webber, Grant" , "Kaeser, Adam" 
Date: Tue Feb 10 2015 01 :33:17 GMT+0530 (1ST) 
Subject: RE: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Classification: UNCLASSIFIED 
Caveats: NONE 

Sure. Let's talk now. The operations guys are not available, but hopefully I can 
remember what they wanted to know. Call my office once you have all assembled. 
Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251 ) 690-2115 

----Original Message-----
F rom: Webber, Grant [mailto:grant_webber@fws.gov] 
Sent: Monday, February 09, 2015 1 :59 PM 
To: Kaeser, Adam 
Cc: Zettle, Brian A SAM; Bulger, Heather P SAM; Sandra Pursifull 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Any chance of discussing this today or is it too late in the day? 

><((( ( o> .. ... .. ><(( (( o> .. .. .. ><(( ((o> .. ... .. ><( ((( o> 

Grant Webber 
Fish and Wildlife Biologist 

Panama City Field Office 

U.S. Fish and Wildlife Service 

1601 Balboa Ave 
Panama City, FL 32405 
850-769-0552 X 247 

><( (( ( o> ..... .. ><( ( (( o> ...... ><(( ( ( o> ....... ><( (( (o> 

On Mon, Feb 9, 2015 at 1 :04 PM, Kaeser, Adam <adam_kaeser@fws.gov> wrote: 
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Yes I am, this is great. Today or tomorrow your pick. I'm here tomorrow after 8 
central. 

On Mon, Feb 9, 2015 at 1 :01 PM, Zettle, Brian A SAM 
< Brian.A.Zettle@usace. army. m ii> wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I have discussed with Operations Division and we believe we can produce the 
information you are requesting. However, I'd like to set up a call with the relevant parties 
so we all understand what is needed. Are you available for a quick call later today or 
tomorrow? 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

----Original Message-----
F rom: Kaeser, Adam [mailto:adam_kaeser@fws.gov] 
Sent: Monday, February 09, 2015 10:46 AM 
To: Zettle, Brian A SAM 

Cc: Bulger, Heather P SAM: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Hi Brian, 
Just following up to keep the topics and requests current. If you can try to 

determine whether you have the dredging channel assessment work complete, or can 
tackle it in house, by the end of the week that would be helpful. With the proper criteria, I 
can try to tackle it myself alternatively. We have set some timelines for phases of our 
assessment work which is motivating me to keep this ball rolling. 

Sounds like there's a meeting taking shape for end of the month on Alabama 
shad. Perhaps this would be a good opportunity to exchange info- we're also interested 
in a total package of the take monitoring data, and anything else you might be able to 
provide for background info on dredging in the river- how its done, any studies on 
mussels, etc. If this might be a good date to catch up on this stuff, I can plan to be there. 

Thanks! 
Adam 

USFWS0088961 



On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM 
<Brian.A.Zettle@usace.army.mil> wrote: 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam, 

I'm glad to hear you guys are moving forward with the reclassification. 
The assessment you describe regarding dredging locations is something that our 
navigation folks would routinely conduct when there was funding to support the ACF 
navigation project. I will talk to our Operations Division guys and see if this has already 
been done for the most recent survey data. If it has, I think we can share that information 
with you. If it hasn't, they may be able to produce it quickly rather than you trying to work 
it out. Let me see what I can find out. I'll see what data I have on dredging and mussels. 
I know some studies have been done at various locations throughout the District over the 
years with regards to dredging (disposal) and mussels. If you want it specific to fat 
threeridge, then it will be limited to the old work we did on the Apalachicola River. 
USFWS should have access to all of those reports and many others up through 2008 in 
the Administrative record for the RIOP litigation. Jerry Ziewitz should be able to provide a 
copy if it is not available on a shared server or something. If he no longer has it, let me 
know. Once we know what period the USFWS administrative record covers, then I can 
try to help with documents after that period. I'll try to follow up later this week on the 
dredging locations analysis. Thanks. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

-----Original Message-----
From: Kaeser, Adam [mailto:adam_kaeser@fws.gov] 
Sent: Monday, February 02, 2015 8:22 AM 
To: Zettle, Brian A SAM; Bulger, Heather P SAM 
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips 
Subject: [EXTERNAL] Apalachicola - Fat threeridge data 

Hi Brian, 
We are moving forward with early phases of the fat threeridge 

reclassification process. As discussed during our last meeting, one part of the process 
involves an assessment of the threats identified in the recovery plan for the species. 

One of the threats commonly discussed is dredging. I'm working on an 
assessment of this threat that will incorporate several complementary approaches. To 
begin, we've decided to attempt to identify all locations in the channel that might require 
dredging (under a scenario that dredging would be authorized and funded) using the best 
available data. I have what I believe is the most recent bathymetric data from the survey 

USFWS0088962 



you (ACOE) conducted in the river. I have to look the date up on the survey but I believe 
it was within the last 1 O years. What I'm thinking of doing is taking the criteria you use to 
classify areas in need of dredging, and using these criteria to identify areas of the channel 
that might need deepening. The criteria I think are at play are 1) minimum depth of 
channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and 
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct 
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE) 
like to conduct this assessment and provide us with a georeferenced data set indicating 
areas that might need dredging? If you are comfortable with USFWS conducting this part 
of the assessment (which of course you can review and QA/QC) then I am willing to do 
so. 

On the topic of dredging and mussels, any information that you have and 
would like to contribute that might be used to conduct an assessment of the potential 
impact of dredging on fat threeridge habitat and/or populations I would be glad to receive 
at this time. 

My third request has to do with compiling all of the past data/reports 
concerning take monitoring work. I have a few spreadsheets on my computer from recent 
years, but I'm hoping you have a folder with all of the past analyses/spreadsheets and 
reports to USFWS. I realize that Karen might have been the recipient of these reports in 
the past, but I would like to establish a complete archive with Grant Webber in our office 
at this time. We (USFWS) will need to have all of these data together to work on an 
assessment of the threat of low-water drawdown on stranding and mortality of fat 
threeridge. 

Anything I can do to help clarify the needs, or if interested in discussing 
these assessments further please let me know. 

Thanks, 
Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam_kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Classification: UNCLASSIFIED 
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Caveats: NONE 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam _ kaeser@fws.gov 
http://www. fws. gov/panamacity /sonarhabitatm appi ng. htm I 

Classification: UNCLASSIFIED 
Caveats: NONE 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam_kaeser@fws.gov 
http ://www.fws.gov/panam acity/sonarhabitatm apping. htm I 
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Classification: UNCLASSIFIED 
Caveats: NONE 

From: "Zettle, Brian A SAM" 
To: "Kaeser, Adam" , "Webber, Grant" 
Date: Tue Feb 1 0 2015 02:06:51 GMT +0530 (1ST) 
Subject: FW: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED) 

Classification: UNCLASSIFIED 
Caveats: NONE 

FYI. 

Brian Zettle 
Biologist 
Chief, Inland Environment Team 
U.S. Army Corps of Engineers, Mobile District 
(251) 690-2115 

Classification: UNCLASSIFIED 
Caveats: NONE 
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June 7, 2013 

INFORMATION MEMORANDUM FOR THE REGIONAL DIRECTOR 

FROM: 

CC: 

SUBJECT: Apalachicola-Chattahoochee-Flint (ACF) Basin 

TOPIC: Downlisting the Endangered Fat Threeridge Mussel (Amblema neislerii) 

I. INTRODUCTION 

The fat threeridge is a species endemic to the ACF that has figured prominently in the politics of 

ACF water management. The USFWS has both expressed concern and devoted resources to 

assessing the effects of Corps drought operations (i.e., water level drawdown) and stranding and 
mortality of fat threeridge in shallow, river margin habitats. To fully evaluate the magnitude of 
such risks a more thorough and comprehensive assessment of the distribution and abundance of 
fat threeridge mussels in the ACF is necessary. 

11. BACKGROUND 

A full-scale river habitat mapping and mussel sampling initiative in the Apalachicola River was 

launched in 2012 with the assistance of a graduate student (Reuben Smit, Auburn University) 
under the direction of Adam Kaeser (USFWS). Side scan sonar imagery was used to decompose 
and classify the wetted river channel into 5 primary mesohabitat classes, and quantitative mussel 
sampling was conducted in all classes including deep water habitats accessible only by diving. 

To date, work has been completed for the middle reach only (30 of 170 miles). Fat threeridge 
were commonly found in 3 of the 5 mesohabitats. Although more sophisticated approaches to 

modeling abundance are being evaluated, we currently estimate that 4.8 million fat threeridge 
occur in the middle reach of the river alone. This estimate is 40X greater than recent estimates 

by Gangloff (2011) for the middle reach, a result that we attribute primarily to sampling design. 

Furthermore, Gangloff reported that 7 5% of the fat threeridge population existed in the lower 
Chipola River, a river we have not yet sampled with this new approach. The abundance of fat 
threeridge, and the occupancy of previously unsampled, deep water habitats provides a new 

perspective on the ecology of this species. These results, and Gangloff's prior work, provide the 
necessary support to pursue revising the conservation status of this species in the ACF. Options 

for downlisting and ultimately delisting the species are under consideration. 1n the upcoming 
months we anticipate the initiation of this process. 

EXHIBIT 
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III. POSITION of INTERESTED PARTIES 

Several stakeholder groups including the Corps and the state of Florida are aware of the ongoing 

research, and have been informed that preliminary results are indicating much higher abundances 

of the species than previously described. The USFWS has not discussed changing the 

conservation status of the species with stakeholders, thus, it is unclear at this time how these 
groups will react. 

lV. CURRENT STATUS 

Reuben Smit will be completing analysis of results from the middle reach of the river for his MS 

thesis by the end of year. Two manuscripts will thereafter be submitted for peer-review 
publication. 

TOPIC: The Southeast Native Black Bass Initiative in the Chipola River Watershed 

I. INTRODUCTION 

In an effort to focus and coordinate actions to support the long-term persistence of endemic black 

bass populations, the Southeast Aquatic Resources Partnership (SARP) joined with the National 

Fish and Wildlife Foundation to form the Southeast Native Black Bass Keystone Tnitiative. The 

Initiative provides regional conservation strategies, objectives and targets to restore and preserve 

functional processes in priority watersheds that support natural habitat conditions and sustainable 

populations of endemic black bass and native aquatic communities. The Chipola River, a 

tributary to the Apalachicola River, has been identified as a priority watershed in the Keystone 

Initiative. This river harbors a reproducing, genetically-secure population of shoal bass 
(Micropterus cataractae), an imperiled species endemic to the ACF. 

The primary threat to self-sustaining populations of shoal bass in the upper Chipola River is 
habitat degradation. The watershed is rapidly being converted from forest to agricultural land, 

resulting in increased sedimentation and nutrient inputs, and altered hydrologic flow regimes. 

11. BACKGROUND 

Conservation planning in the Chipola watershed will follow strategies identified in the NFWF 

Southeast Native Black Bass Keystone Initiative Business Plan, the Southeast Aquatic Habitat 

Plan (i.e., SARP Strategic Plan), and the State Wildlife Action Plan of Florida. Analysis of 

habitat integrity, native species population integrity, non-native species distributions, and other 

factors relevant to the persistence of shoal bass, other native fishes and mussels, and their 

associated habitats will be conducted to prioritize sites for protection and restoration. 
Conservation delivery in the Chipola River under the Keystone Initiative will involve multiple 

stakeholder groups including the USFWS, Florida Fish and Wildlife Commission, NRCS, FDEP, 
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ALDCNR, USGS, and local partners working to develop networks of willing landowners 
interested in implementing coordinated landscape conservation actions in the Chipola River 
watershed. Restoration actions implemented by these networks (e.g., brush management, 
grasslands restoration, spring and riparian fencing, improved road/bridge crossings) will promote 
the restored function of spring, riparian and stream systems, and emphasize the conservation of 
native fish and mussel communities and supporting habitats. Habitat protection and restoration 
projects will be coordinated through FWC Wildlife Legacy Initiative and USFWS Partners for 

Fish and Wildlife Program, all of which have successful track records in working cooperatively 
with landowners to implement fish and wildlife conservatjon projects on private lands. 

Specific degradation issues that will be addressed through this Initiative include livestock access 
in riparian zones and unpaved roads and river crossings which have contributed to increased 
sedimentation in areas of critical spawning habitats for shoal bass, thermal refugia for Gulf of 
Mexico populations of Striped Bass (adjacent to springs), and beds of imperiled mussels. 
Coordinated, watershed-scale conservation actions are needed to restore and preserve habitat 
conditions in the Chipola River. 

ill. CURRENT STATUS 

Several restoration projects are underway that involve USFWS staff at the Panama City field 
office. Additional grant funding opportunities are being pursued through partnership efforts. 
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June 7, 2013 

INFORMATION MEMORANDUM FOR IBE REGIONAL DIRECTOR 

FROM: Leopoldo Miranda, ARD ES 

CC: Sandy Tucker, Field Supervisor, Georgia ES 
Don Imm, Field Supervisor, Panama City Field Office 

SUBJECT: Gulf Sturgeon Fish Passage Research in the ACF Basin 

I. INTRODUCTION 

The Jim Woodruff Lock and Dam (JWLD) on the Apalachicola River currently impedes access 
to historic spawning habitat for anadromous fishes in the Apalachicola-Chattahoochee-Flint 
(ACF) Basin. Recent research indicates that spawning and/or rearing habitat in the Apalachicola 
River may be limiting recovery of the Alabama shad. Since fish passage was implemented in 
2005, Alabama shad populations have increased over four-fold. Microchemistry analysis of 
adult shad collected below the dam shows 97 percent were spawned upstream of the dam. This 
is a clear indication that fish passage can contribute to the recovery of Alabama shad in the ACF, 
and potentially other anadromous species such as the threatened Gulf sturgeon. 

II. BACKGROUND 

The Panama City Field Office has a cooperative agreement with The Nature Conservancy (TNC) 
for fish passage research and coordination activities at JWLD_ As a result of successful Alabama 
shad passage, we provided $70,000 for TNC to contract with the University of Georgia to 
evaluate the potential ecological benefits of passage for Gulf sturgeon. The goals of the project 
are to determine if: I) Gulf sturgeon will migrate to/from suitable habitat upstream of JWLD and 
2) anadromous fishes are primary hosts for rare mussels. Ten adult male Gulf sturgeon will be 
moved upstream of JWLD. We anticipate they will eventually pass downstream through the 
lock or dam gates. The researchers will attempt to net and transport any fish that do not move 
downstream on their own. Any fish that remain will likely perish by starvation or as a result of 
high summer temperatures and low oxygen levels in the reservoir. 

Ill. POSITION of INTERESTED PARTIES 

The GA-DNR, Service, NMFS, FWC, Corps, and TNC signed a MOU in 2012 that formalized 
the JWLD Fish Passage Partnership. The MOU facilitates collaboration and implementation of a 
strategy to provide migratory fish passage at JWLD, including Gulf sturgeon. The GA-DNR 
Wildlife Resources Division (WRD) has been supportive of this work since 2005 and had 
proposed completing the same project in 2007. FWC issued permits for the work, including the 
release of Gulf sturgeon into Florida waters of Lake Seminole above JWLD. 
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Despite reviewing the project in Fall 2012 without any objection, GA-EPD decided in late April 
that GA-DNR would not issue a permit to release Gulf sturgeon into the State of Georgia until 
assurances are made that no additional flow regulation would be required if Gulf sturgeon 
passage were to occur in the future. EPD is aware this project is the first step in determining if 
Gulf sturgeon passage is feasible. Many years of research and evaluation would be needed 
before the FWS would have data to judge the benefit of passage to sturgeon. EPD is also aware 
this project would not result in the establishment of a Gulf sturgeon population in the Flint River. 

CV.CURRENT STATUS 

The TNC agreement expires in July 2014, UGA already has a graduate student on staff for this 
project. In an attempt to salvage the project, we are coordinating with TNC and UGA to see if 
the mussel work can proceed and related tasks added. An,alte111ati've..,:project'.11as r:eoeutly beep 
tnttii:i;te.d w,the fower A;palachh1,dla River that fovolves -capture~pdtel~me.tcy ofJuvenileGut( 
sturgeon-to study-'hab:i'tat associations ofthis Hfe,st~ge,(llN:CLIJDE?). Add'inonalty; the USFWS 
has ~nw.leted art tn.fotm:al, des.ltt~p-as.~ssme.nt ofthe av,aila:billty,of p,otent;~ly·~.uitabJe .. ----w 
spawning hahitat in--th.e .lower Flint River i:u:rder a worst-case, ~meme lbw. flow seen-ado: TljJs 
1:1sse:ssme.nt used pubH:$hed,,. sonar.-"hased habitat m-applng.,data,.geoerated,tn 2-00$ ;~y-tlte (;A"' 
tlNR. This.assessment indicated·· that ac.ces.sto·thelower·FJint 'River would,increa'Se the 
avaUabillty of spawning habitatsb,y a factor of 5, or great~[; relative to. current habitat. avaifa:1?.itq-y 
in the Apalachicola R,iv.er, An-assessment report wa,s;provided.to GA .. EPOi~ support-0ft.he 
p~j~ -yet the agency has-,d¢cjd~,to>itrlti:a~e.a.aditional wotkon,the,FUntR.iver fo ass.e:~s.tiab'\~~_( 
/;lY.~Jlability. llSing,a bydtologi¢ approath ,that· e:mpl:oys,,river cros$,sectiPn$,. · -GA .. BPD wiU be 
suw.eyiug,a-pptoxhuatety 1'5 ~25 cr-0ss--s.ections-.at · 1oe.atl ons l'den.tifi:ed witb the•ass'i:stance of-th~ 
OSF\VS to oondtictthefr own in.,.houseanalyses, The hydrologicanalysis,macy be,completed 
sam.dime this fall We expect these ·re.salt wm agree·witb the lJSFWS assessment rn previous 
!:liscussions, @A ... WRf> agreed-to fund this .pro,Jtiifor amad.qitional yeadfEfD. ·oan;be <;gg)i~:~d 
fha.Uh¢·cisk of flow r~g4l~tio,,n ,iiS ·$lJ.ght. A d~cl~itn ~bqµl4''Q~ ~1 tiand.{9Uqw;9g J$.:PP'~$ 
hYdtofo0 ic-a:oal~sis· ..,.,:/.;,•,.-•. ~ .. -:-.•:•{C t >.:.•.,· , 'J · .. :{.,~ 

We are discussing the assurances issue with Mike Harris, Chief of the Nongame Conservation 
Section of GA•WRD. We are sorting through the nuances of a HCP versus an experimental 
population rule versus a 4(d) rule. The Gulf sturgeon already has a 4(d) rule for conservation 
efforts. Once we have a better understanding of the options and data regarding potential 
spawning habitat, we intend to approach EPD with the information in hopes of garnering their 
support to move the project forward next year. 
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June 10, 2013 

INFORMATION MEMORANDUM FOR THE REGIONAL DIRECTOR 

FROM: Leopoldo Miranda, ARD ES 

CC: Don Imm, Field Supervisor, Panama City Field Office 
Sandy Tucker, Field Supervisor, Georgia ES 

SUBJECT: Potential to Downlist the Endangered Fat Threeridge Mussel 

L INTRODUCTION 

The fat threeridge is a species endemic to the ACF that has figured prominently in the politics of 
ACF water management. The Service has both expressed concern and devoted resources to 
assessing the effects of Corps operations on stranding and mortality of fat threeridge in shallow, 
river margin habitats. To fully evaluate the magnitude of such risks a more comprehensive 
assessment of the distribution and abundance of fat threeridge mussels in the ACF is necessary. 

II. BACKGROUND 

A full-scale river habitat mapping and mussel sampling initiative in the Apalachicola River was 
launched in 2012 with the assistance of a graduate student from Auburn University under the 
direction of Adam Kaeser of the Service's Panama City FWCO. Side scan sonar imagery was 
used to classify the river into 5 primary mesohabitat classes, and quantitative mussel sampling 
was conducted in all classes including deep water habitats accessible only by diving. To date, 
work has been completed for the middle reach only (30 of 170 miles). Fat threeridge were 

commonly found in 3 of the 5 mesohabitats. We currently estimate that 4.8 million fat threeridge 
occur in the middle reach of the river alone, which is forty times greater than recent estimates 
that only included observations from shallow, near-bank habitat. Furthermore, 75% of the fat 
threeridge population was believed to occur in the lower Chipola River where we have not yet 
sampled with this new approach. The abundance of fat threeridge, and the occupancy of 
previously unsampled, deep water habitats provides a new perspective on the ecology of this 
species. These results and previous work provide the necessary support to pursue reclassifying 
the status of this species. Options for downlisting and ultimately delisting the species are under 
consideration, and we anticipate the initiation of this process in FY14. 

III. POSITION of INTERESTED PARTIES 

Several stakeholder groups including the Corps and the state of Florida are aware of the ongoing 
research, and have been informed that preliminary results are indicating much higher abundances 
of the species than previously described. The USFWS has not discussed changing the 
conservation status of the species with stakeholders, thus, it is unclear at this time how these 
groups will react. 

EXHIBIT 
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From: "Kaeser, Adam" 
To: Donald Imm , Catherine Phillips , Karen Herrington , "Channing St. Aubin" , Sandra 
Pursifull 
Date: Tue Jul 30 2013 18:43:05 GMT +0530 (1ST) 
Subject: Fat threeridge listing meeting Friday 

Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don asked I 
prepare. Sandy and Cathy have viewed the document, and Sandy has provided some 
comments that I have not had the time to incorporate. My intent with the document was 
to summarize the content of the recovery plan with respect to the criteria necessary for 
downlisting and/or de listing the fat threeridge, then incorporate some of the existing 
information that would factor into such decisions, and also to raise relevant questions that 
pertaining to the subject. 

I figured I might start the meeting with a few data slides from the ongoing Apalach mussel 
study to highlight some of the new findings that expand our knowledge base on threeridge 
distribution and abundance. This info is lacking in the synopsis. Also weak is the section 
on threats. It seems likely a lot of the discussion will focus on threats, and here we can 
use the meeting to flesh this section out more. I envision the meeting leading to a much 
enhanced version of this synopsis with input from all.. .and then it might serve future 
efforts at developing the downlisting/delisting package. At the very least, I hope this doc 
helps to get a productive discussion going Friday. I'm available all day Friday. Should we 
start at 9am CT? 

Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws gov 
http://www.fws.gov/panamacity/sonarhabitatmapping. htm I 

From: "Herrington, Karen" 
To: "Kaeser, Adam" 
Date: Tue Jul 30 201 3 21 :21 :41 GMT+0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is available 
because I have to be at the airport at 1 on Friday. 

EXHIBIT 

Karen Herrington \~ 
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Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen herrington@fws.gov 

On Tue, Jul 30, 2013 at 8:13 AM, Kaeser, Adam <adam kaeser@fws.gov> wrote: 
Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don asked I 

· prepare. Sandy and Cathy have viewed the document, and Sandy has provided some 
comments that I have not had the time to incorporate. My intent with the document 
was to summarize the content of the recovery plan with respect to the criteria 
necessary for downlisting and/or delisting the fat threeridge, then incorporate some of 
the existing information that would factor into such decisions, and also to raise relevant 
questions that pertaining to the subject. 

I figured I might start the meeting with a few data slides from the ongoing Apalach 
mussel study to highlight some of the new findings that expand our knowledge base on 
threeridge distribution and abundance. This info is lacking in the synopsis. Also weak 
is the section on threats. It seems likely a lot of the discussion will focus on threats, 
and here we can use the meeting to flesh this section out more. I envision the meeting 
leading to a much enhanced version of this synopsis with input from all. .. and then it 
might serve future efforts at developing the downlisting/delisting package. At the very 
least, I hope this doc helps to get a productive discussion going Friday. I'm available 

. all day Friday. Should we start at 9am CT? 

Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769~0552 ext. 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabjtatmapping.html 

. ·········· ' ......... .................. ·····---··-- .. ..,_ ... " -·--·-··•---·-- ···-·-··" ......... ··-···---·-···---·-·-·--·· -----·--------~--
From: "Pursifull, Sandra" 
To: "Herrington, Karen" 
Date: Tue Jul 30 2013 21 :34: 14 GMT +0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

How 'bout start at 8: 15? 
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On Tue, Jul 30, 2013 at 10:51 AM, Herrington, Karen <karen herrington@fws.gov> 
wrote: 

Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is available 
because I have to be at the airport at 1 on Friday. 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen herrington@fws.gov 

On Tue, Jul 30, 2013 at 8:13 AM, Kaeser, Adam <adam kaeser@fws.gov> wrote: 
Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don asked 
I prepare. Sandy and Cathy have viewed the document. and Sandy has provided 
some comments that I have not had the time to incorporate. My intent with the 
document was to summarize the content of the recovery plan with respect to the 
criteria necessary for downlisting and/or delisting the fat threeridge, then incorporate 
some of the existing information that would factor into such decisions, and also to 
raise relevant questions that pertaining to the subject. 

; I figured I might start the meeting with a few data slides from the ongoing Apalach 
mussel study to highlight some of the new findings that expand our knowledge base 
on threeridge distribution and abundance. This info is lacking in the synopsis. Also 
weak is the section on threats. It seems likely a lot of the discussion will focus on 

. threats, and here we can use the meeting to flesh this section out more. I envision 
the meeting leading to a much enhanced vers ion of this synopsis with input from 
all ... and then it might serve future efforts at developing the downlisting/delisting 
package. At the very least, I hope this doc helps to get a productive discussion 
going Friday. I'm available all day Friday. Should we start at 9am CT? 

Adam 

· Adam J. Kaeser, Ph.D. 
' Aquatic Ecologist 

U.S. Fish and Wildlife Service 
Panama City Fish and Wild life Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext 244 
(850) 348-6496 (cell) 
adam kaeser@fws.gov 
http://www. fws.qov /panam acity/sonarhabitatmappinq. htm I 
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Sandy Pursifull 
US Fish and Wildlife Service 
1601 Balboa Avenue 
Panama City, FL 32405 
850-769-0552 ext. 240 
850-763-2177 Fax 
sandra pursifull@fws.gov 
www.fws.gov/panamacity/mussels 

From: "Kaeser, Adam" 
To: "Herrington, Karen" 
Date: Tue Jul 30 2013 21 :56:19 GMT+0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

I can start at 7 am, or 730. 

On Tuesday, July 30, 2013, Herrington, Karen wrote: 
Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is available 

, because I have to be at the airport at 1 on Friday. 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen_ herrington@fws.gov 

On Tue, Jul 30, 2013 at 8: 13 AM, Kaeser, Adam <adam_kaeser@fws.gov> wrote: 
Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don asked 
I prepare. Sandy and Cathy have viewed the document, and Sandy has provided 
some comments that I have not had the time to incorporate. My intent with the 
document was to summarize the content of the recovery plan with respect to the 
criteria necessary for downlisting and/or delisting the fat threeridge, then incorporate 
some of the existing information that would factor into such decisions, and also to 
raise relevant questions that pertaining to the subject. 

I figured I might start the meeting with a few data slides from the ongoing Apalach 
, mussel study to highlight some of the new findings that expand our knowledge base 
· on threeridge distribution and abundance. This info is lacking in the synopsis. Also 

weak is the section on threats. It seems likely a lot of the discussion will focus on 
threats, and here we can use the meeting to flesh this section out more. I envision 
the meeting leading to a much enhanced version of this synopsis with input from 
all.. .and then it might serve future efforts at developing the downlisting/delisting 
package. At the very least, I hope this doc helps to get a productive discussion 
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gofng Friday. I'm available all day Friday. Should we start at 9am CT? 

Adarn 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
US. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348--6496 (cell) 
a dam _kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapplng. htm I 

Sent from Gmail Mobile 

From: "St. Aubin , Channing" 
To: "Kaeser, Adam" 
Date: Tue Jul 30 2013 22:35:26 GMT +0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

Let's do 8 am? 

On Tue, Jul 30, 2013 at 11 :26 AM, Kaeser, Adam <adam kaeser@fws.gov> wrote: 
I can start at 7 am, or 730. 

On Tuesday, July 30, 2013, Herrington, Karen wrote: 
• Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is available 
· because I have to be at the airport at 1 on Friday. 

Karen Herrington 
· Aquatic Species Consultation & Recovery 
_ Panama City Field Office 
: U.S Fish and Wildlife Service 
: (850) 348-6495 
· karen_herrington@fws.gov 

On Tue, Jul 30, 2013 at 8:13 AM, Kaeser, Adam <adam_kaeser@fws.gov> wrote: 
• Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don 
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asked I prepare. Sandy and Cathy have viewed the document, and Sandy has 
provided some comments that I have not had the time to incorporate. My intent 

· with the document was to summarize the content of the recovery plan with respect 
: to the criteria necessary for downlisting and/or delisting the fat threeridge, then 
1 incorporate some of the existing information that would factor into such decisions, 
• and also to raise relevant questions that pertaining to the subject. 

I figured I might start the meeting with a few data slides from the ongoing Apalach 
mussel study to highlight some of the new findings that expand our knowledge 

· base on threeridge distribution and abundance. This info is lacking in the 
synopsis. Also weak is the section on threats. It seems likely a lot of the 
discussion will focus on threats, and here we can use the meeting to flesh this 

. section out more. I envision the meeting leading to a much enhanced version of 
this synopsis w ith input from all. .. and then it might serve future efforts at 
developing the downlisting/delisting package. At the very least, I hope this doc 
helps to get a productive discussion going Friday. I'm available all day Friday. 
Should we start at 9am CT? 

Adam 

Adam J . Kaeser. Ph.D. 
Aquatic Ecologist 
U.S. Fist1 and Wildlife Service 

; Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panarna City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam_kaeser@fws.gov 
http://www. fws. gov/panamacity/sonarhabjtatmapping. htm I 

Sent from Gmail Mobile 

Channing St. Aubin 

Environmental Contaminants 
US Fish and Wildlife Service 

Panama City, FL 
(850) 769-0552 ext 248 
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From: "Herrington, Karen" 
To: "St. Aubin, Channing" 
Date: Tue Jul 30 2013 22:45:44 GMT +0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

8: 15 works for me 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen herrington@fws.gov 

On Tue, Jul 30, 2013 at 12:05 PM, St. Aubin, Channing <channing staubin@fws.gov> 
wrote: 

Let's do 8 am? 

On Tue, Jul 30, 2013 at 11 :26 AM, Kaeser, Adam <adam kaeser@fws.gov> wrote: 
I can start at 7 am, or 730. 

On Tuesday, July 30, 2013, Herrington, Karen wrote: 
• Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is 
· available because I have to be at the airport at 1 on Friday. 

Karen Herrington 
Aquatic Species Consultation & Recovery 

• Panama City Field Office 
: U.S. Fish and Wildlife Service 
• (850) 348-6495 
· karen_herri ngton@fws.gov 

' On Tue, Jul 30, 2013 at 8:13 AM, Kaeser, Adam <adam_kaeser@fws.gov> wrote: 
• Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don 
• asked I prepare. Sandy and Cathy have viewed the document, and Sandy has 
• provided some comments that I have not had the time to incorporate. My intent 
· with the document was to summarize the content of the recovery plan with 
· respect to the criteria necessary for down listing and/or delisting the fat 

threeridge, then incorporate some of the existing information that would factor 
into such decisions, and also to raise relevant questions that pertaining to the 

- subject. 

I figured I might start the meeting with a few data slides from the ongoing 
Apalach mussel study to highlight some of the new findings that expand our 
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knowledge base on threeridge distribution and abundance. This info is lacking 
in the synopsis. Also weak is the section on threats. It seems likely a lot of the 
discussion will focus on threats, and here we can use the meeting to flesh this 
section out more. I envision the meeting leading to a much enhanced version of 
this synopsis with input from all. .. and then it might serve future efforts at 
developing the downlisting/delisting package. At the very least, I hope this doc 
helps to get a productive discussion going Friday. I'm available all day Friday. 
Should we start at 9am CT? 

: Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 

· (850} 348-6496 (cell) 
: adam_l<.aEiSf~r@fws.gov 

http://www. fws. gov/panamacity/sonarhabitatmapping. htm I 

Sent from GmaH Mobile 

Channing St. Aubin 

Environmental Contaminants 
US Fish and Wildlife Service 

Panama City, Fl 
(850) 769-0552 ext 248 

From: "Imm, Donald" 
To: "Herrington, Karen" 
Date: Tue Jul 30 2013 23:29:36 GMT +0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

I'll look at my calendar and get back with you. By COB 
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On Tuesday, July 30, 2013, Herrington, Karen wrote: 
8:15 works for me 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen_ herrington@fws.gov 

On Tue, Jul 30, 2013 at 12:05 PM, St. Aubin, Channing <channing_staubin@fws.gov> 
wrote: 

Let's do 8 am? 

On Tue, Jul 30, 2013 at 11 :26 AM, Kaeser, Adam <adam_kaeser@fws.gov> wrote: 
I can start at 7 am, or 730. 

On Tuesday, July 30, 2013, Herrington, Karen wrote: 
Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is 

. available because I have to be at the airport at 1 on Friday. 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen_herrington@fws.gov 

On Tue, Jul 30, 2013 at 8: 13 AM, Kaeser, Adam <adam_kaeser@fws.gov> 
wrote: 

Attached is a draft of the fat threeridge downlisting/delisting synopsis that Don 
asked I prepare. Sandy and Cathy have viewed the document, and Sandy 
has provided some comments that I have not had the time to incorporate. My 
intent with the document was to summarize the content of the recovery plan 
with respect to the criteria necessary for downlisting and/or delisting the fat 
threeridge, then incorporate some of the existing information that would factor 
into such decisions, and also to raise relevant questions that pertaining to the 
subject. 

I figured I might start the meeting with a few data slides from the ongoing 
Apalach mussel study to highlight some of the new findings that expand our 
knowledge base on threeridge distribution and abundance. This info is 
lacking in the synopsis. Also weak is the section on threats. It seems likely a 
lot of the discussion will focus on threats, and here we can use the meeting to 
flesh this section out more. I envision the meeting leading to a much 

USFWS0090223 



enhanced version of this synopsis with input from all. .. and then it might serve 
· future efforts at developing the downlisting/delisting package. At the very 

least, I hope this doc helps to get a productive discussion going Friday. I'm 
available all day Friday. Should we start at 9am CT? 

: Adam 

: Adam J. Kaeser, Ph.D . 
. Aquatic Ecologist 

U.S . Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City. Florida 32405 
(850) 769-0552 ext. 244 
f850i 348-6496 r cell) 
\ f I, I 

adarn ___ kaeser@fws.gov 
http://www. fws .gov/panamacity/sonarhabitatm apping. htm I 

Sent frorn Grnail Mobile 

Channing St. Aubin 

Environmental Contaminants 
, US Fish and Wildlife Service 

Panama City, FL 
(850) 769-0552 ext 248 

From: "Imm, Donald" 
To: "Herrington, Karen" 
Date: Wed Jul 31 201 3 01 :28:07 GMT +0530 (1ST) 
Subject: Re: Fat threeridge listing meeting Friday 

8: 15 works for me .. 

On Tue, Jul 30, 201 3 at 12:59 PM, Imm, Donald <donald imm@fws.gov> wrote: 
I'll look at my calendar and get back with you. By COB 
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On Tuesday, July 30, 2013, Herrington, Karen wrote: 
8: 15 works for me 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen_herrington@fws.gov 

On Tue, Jul 30, 2013 at 12:05 PM, St. Aubin, Channing 
<channing_staubin@fws.gov> wrote: 
: Let's do 8 am? 

On Tue, Jul 30, 2013 at 11 :26 AM, Kaeser, Adam <adam_kaeser@fws.gov> 
, wrote: 

I can start at 7 am, or 730. 

On Tuesday, July 30, 2013, Herrington, Karen wrote: 
· Thanks, Adam. I can do 9 AM, but we may want to start sooner if Sandy is 

available because I have to be at the airport at 1 on Friday. 

Karen Herrington 
Aquatic Species Consultation & Recovery 
Panama City Field Office 
U.S. Fish and Wildlife Service 
(850) 348-6495 
karen _ herrington@fws.gov 

On Tue, Jul 30, 2013 at 8:13 AM, Kaeser, Adam <adam_kaeser@fws.gov> 
wrote: 

Attached is a draft of the fat threeridge downlisting/delisting synopsis that 
. Don asked I prepare. Sandy and Cathy have viewed the document, and 

Sandy has provided some comments that I have not had the time to 
incorporate. My intent with the document was to summarize the content of 
the recovery plan with respect to the criteria necessary for downlisting 

. and/or delisting the fat threeridge, then incorporate some of the existing 
information that would factor into such decisions, and also to raise relevant 

· questions that pertaining to the subject. 

I figured I might start the meeting with a few data slides from the ongoing 
Apalach mussel study to highlight some of the new findings that expand 
our knowledge base on threeridge distribution and abundance. This info is 
lacking in the synopsis. Also weak is the section on threats. It seems likely 
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• a lot of the discussion will focus on threats, and here we can use the 
meeting to flesh this section out more. I envision the meeting leading to a 
much enhanced version of this synopsis with input from all. .. and then it 

• might serve future efforts at developing the downlisting/delisting package. 
· At the very least, I hope this doc helps to get a productive discussion going 

Friday. I'm available all day Friday. Should we start at 9am CT? 

• Adam 

; Adam J. Kaeser, Ph.D. 
: Aquatic Ecologist 

U.S. Fish and Wildlife Service 
· Panama City Fish and Wildlife Conservation Office 
' 1601 Balboa Avenue 
'. Panama City, Florida 32405 
; (850) 769-0552 ext. 244 
· (850) 348-6496 (cell) 

adam_ kaeser@fws.gov 
· http://www.fws.gov/panamacity/sonarhabitatmapping.html 

Sent from Gmail Mobile 

Channing SL Aubin 

Environmental Contaminants 
US Fish and Wild I if e Service 

Panama City, FL 
(850) 769-0552 ext 248 

From: ''Kaeser, Adam" 
To: Reuben Smit 
Date: Fri Aug 02 201 3 02: 13:40 GMT +0530 (1ST) 
Subject: Fwd: Fat threeridge listing meeting Friday 
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------- Forwarded message ------­
From: Kaeser, Adam 
Date: Tuesday, July 30, 2013 
Subject: Fat threeridge listing meeting Friday 
To: Donald Imm <donald imm@fws.gov>, Catherine Phillips 
<catherjne phiHips@fws.gov>, Karen Herrington <karen herrjngton@fws.gov>, 
''Channing St. Aubin" <channing staubin@fws.gov>, Sandra Pursifull 
<sandra pursifull@fws.gov> 

Attached is a draft of the fat threeridge down listing/deli sting synopsis that Don asked I 
prepare. Sandy and Cathy have viewed the document, and Sandy has provided some 
comments that I have not had the time to incorporate. My intent with the document was 
to summarize the content of the recovery plan with respect to the criteria necessary for 
downlisting and/or delisting the fat threeridge, then incorporate some of the existing 
information that would factor into such decisions, and also to raise relevant questions that 
pertaining to the subject. 

I figured I might start the meeting with a few data slides from the ongoing Apalach mussel 
study to highlight some of the new findings that expand our knowledge base on threeridge 
distribution and abundance. This info is lacking in the synopsis. Also weak is the section 
on threats. It seems likely a lot of the discussion will focus on threats, and here we can 
use the meeting to flesh this section out more. I envision the meeting leading to a much 
enhanced version of this synopsis with input from all. .. and then it might serve future 
efforts at developing the downlisting/delisting package. At the very least, I hope this doc 
helps to get a productive discussion going Friday. I'm available all day Friday. Should we 
start at 9am CT? 

Adam 

Adam J. Kaeser, Ph.D. 
Aquatic Ecologist 
U.S. Fish and Wildlife Service 
Panama City Fish and Wildlife Conservation Office 
1601 Balboa Avenue 
Panama City, Florida 32405 
(850) 769-0552 ext. 244 
(850) 348-6496 (cell) 
adam_kaeser@fws.gov 
http://www.fws.gov/panamacity/sonarhabitatmapping. htm I 

Sent from Gmail Mobile 
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Appendix Ill.A. Caddisfly Species Recorcled from the Apalachicola River (and Chlpola River below Dead Lakes) that are "flow dependent" 

List cgmplled by A.IC. Rasmus.set\, Ph.O, Aquatic Entomolo1ln. Raeardi Assodm lo the Centitr for Water .-rad AJr Qu1Jfty, Florida A&M Uni-.ierstty 
This is• partial Utt; comprffleNfw 1c:olo,icaJ Inventories of caddisfliu have not been performed. 

Hydtopsychldat 
Cheumatopsyc:he burbi 

0i"'1!Tlatopsyct,e campyl1 

Cheumnopsyche edista 
Hydrop1ydle lncommodi1 

Hydropsyche rt>SSI 

Mlao.stemum a rt1lina 
Potan,yi1 flava 

llydrojltilidM 
Hydroptlla be.meri 

Hydroptlla waubes:Jan1 
N1otr1chl1 mlnutisimena 
Neo'bichl1 vlbrahl" 

Laptocerid• 
U!ffdu canceflata 
Ctnduflava 
Ce:radea maculau 
Certdea- ophloderus 

Ctrtde.a protoneph1 
CerecJea tarslpunc:taa 

CeredH transversa 
Nectopl}'Che candida 
N1aopsyd,1 povido 
Nectop'Y(ile- splloma o,~,. dnenas-Cffl5 

OtutiJ l nc:onspiw1 

Oec:etlsnod:uma 

Oe~s perslmllis 
Trlnnodes lcnftus 
Trtu:noda mun.; 

PhRopotamidM 
0,lmammoselVf 
~Imam obscura 

Potycentropodida1 
Cemotina alee• 
Cemotjna splat3 
C-ymelluJ frat.emus 
Neurec:Upsls crepuswlaris 

PhryganeidM 

Ptfhmomls postic:a 

PJYChOfflylidll 

Lype dlvtrs:a 



Appendix 111.B. Mussels in the Apalachicola River and floodplain 
List tompiled by James 0. Williams, Gainesville, FL 

Species Apalachicola River 
Alasmidonta triangulate X 
Ambleme neis/erii X 
Anodonta heardi X 
Elliptio arctata X 
Elliptio chipolaansis X 
El/iptio crassidens X 
Elliptio fratama X 
Elliptio fumata X 
Elliptio pullata X 
Elliptoideus sloatianus X 
Glebula rotunda/a X 
Lampsilis floridensis X 
Lampsilis straminee X 
Medionidus penicillatus X 
Megalonaias nervosa X 
Pyganodon grandls X 

Quadrule infucata X 
Toxolasma parvum X 
Toxolasma paulum X 
Uniomerus columbensis X 
Utterl>aokia imbecil/is X 
Utterbackia peggyae X 
Vil/osa lienosa X 
Villosa vibex X 
Villosa villosa X 

Plus one additional species reported by USFWS: 
Anodontoides radiatus X 

Lower Chlpola River 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 

Apalachicola Floodplain Federal listing status 
Candidate petitioned for Federal listing 

X E 
X Candidate petitioned for Federal listing 
X Candidate petitioned for Federal listing 

T 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

T 

Candidate petitioned for Federal listing 



Appendix 111.C. Snails in the Apalachicola River 
List compiled by Leigh Brooks, NWFWMD 

Scientific Name 

Elimia albanyansis 

Elimia doo/yensis (Syn. E. curvicostata) 
Ferrissia mcneilli 
Lioplax pl/sbryi pilsbry/ 
Pomatiopsis lapidaria 

Somatogyrus sp. 

Tarebia granifera 

Viviparus georgianus 

Common Name 

Black-crested Elimia 

Graphite Elimia 
HoodAncylid 
Choctaw Lioplax 
Slender Walker 

Apalachi Pebblesnail 

Quilled Melania 

Banded Mysterysnall 

(C) Snails 

Notes 
FNAI tracking. A shoal species living in shallow water flowing over rock substrates. In Florida confined 
to the shoal Immediately below the Jim Woodruff Dam. 

Limpet. Confined to small creeks in the area around Mobile Bay east to the Apalachicola system, 

In Florida, It is found only In the Apalachicola River system. 
Known only from the shoals below Jim Woodruff Dam on the Apalachicola River, where it occurs on the 
limestone substrata. 

Abundant In some springs and small streams in Florida. May colonize many types of habitats and may 
reach very high densities especially in rocky streams and artificial ponds and lakes. Observed by Leigh 
Brooks in the upper Apalachicola River at shoals, 9/15/2012 

Information from NatureServe and Thompson, Fred G.2004. An Identification Manual for the Freshwater Snails of Florida. Florida Museum of Natural History, Gainesville. 
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Appendix Ill. D. Entire list of benthic macroinvertebrate species from FDEP SBIO database - Apalachicola River and floodplain sites only 
lhis ltn tf'C)udas all tt. ftow-dep,andcnt spcc:ia tin.ct In Wotbheat t pha lih'eral hwldred addttJon.l ,;pec:ia thrt •r.: p,tn,.rt, .. ntic: ap.da.. 

lhta I, a ,-rtial lirt buitd on Iii""'" monitorirc, Comprehansiw ecolosk:aA kwentoria of be:f'ftN: maaainYertl.bm.u tn the A:pa,l,.cnic:o'9 ~--not~ amd;uaed. 

caution:Tlwliat hal nat betn adltedfortuonomit c:onaistanc,, 

Al>l•b&Jmyla 
Ablabesmytl americana 

Abllbesmyia aspe~ 

Ablabesmyla J•nta 
Ablob&Jmyla mallochl 
AblabesmVi• panijanta 

Ablabumvlo peleensis 
Al>labesmylo "11mphe 81P­

Al>l1bumyto tarella 
Acarffonnes 
Aeerpenn• pyemaea 
Acroneuril 
Acron• urta arenosa 
Acmnevril areno.se,/evoluta 
Aedes 

AeshnldH 
Aprodes 
A1netin1 

Amnlcol.a 
Amphlpod1 

Ancylld .. 
Anc:yn:,,nyx 
Ancyrony,c VI rieptu, 

Anomatagrion hastatum 

,<.pedllum el•thista 
A:,ocorophium 

Apoc:orophlum Ulcwtre 

Aflll 
Al'Jil apk:llls 

Ara:11 fumlpennis 
Arsia mouta 
Arai• Mdul:a 
Aflll tlblalis 

Ari" traruloaa 
AnenuruJ 
Asellus 
Asheum bec:lcae 
A.ffacldH 

Ath• rix varie.pta 

Athrlpsodti 
Atnictidu 
Atrichopoaon 
Attenelli tttenu.ata 
Aulodrflus 
Aulodrikls ?iluetl 
Aulodr11us pluriseaa _,,,, 
Baetldae 
Baetis 
Bal'tls australis 
Saetb 1phipplatw 
Baetis frondal\s 

Baetb interglaris 
Baetls proplnquu5 
8.etis 1plnosus 
Batilnus 
Belo.stoma 
&ek>stoma 1\/tarium 

Ba'°stomatldn 
Berosus 
Bel"DSUS st:Ntus 
Butll 
Sidusonotus 

BlvoMa 
Boyer1a 
Boyeria ,llnosa 
Bnichyc:era.is 
Branctilura sowerbyi 
Bratis1avia unidentata 

Bryo1oa 

Caecldoua 
Caenil 

Caentsamk:a 
Caenls dlmlnuta 

c.aentshlilril 
Caents punctlta 
C.JllbHtls 
C.lllbletls flond1nus 
Qilllbae'tb: pm:losus 

C.lllnactes apldus 
Caloptorvsidae 
C.loptefV>! 
C.mblridto 
Campeloma 
Ympeloma ,eniculum 



Clrdiocladlus 

C..rdiocl1dtus obscurw 

CIJSidinidu lunffrun, 

Ceddomvii 

Centmptllum 

Centroptflum hobblf 

O!nt(Dptlhim •~•nrultttr 
Qntn;:iptilum vttidocularis 

Cerac•u 
Ceracludll ... 
Cer11cle• macul1U 

Ceratoporonid1e 

Cemctln, 
Oi1oborus 

ChioboNS punctJpennls 

Chaullod .. 
Cheum,topsythe 

Chlmarra 

Chlronomld,11 

Oilronomlnf sen. a roback 
Olironormis 

Odrvnomus 1tte.nu1tus 

0,,ironomu.s dtc0M 

Choroterpei 

Chrysomelidle 

Cladopelma 

Cl1d0Qnyt1rs1.11 

CladOUlnytar,us IP, f tpler 

Oimac\l .,-eolari.1 

CinotanypYS 

Cfinotanypus pinsuls 

Coelotan'(pul 
Coelotanypw concinnus 

Coelotanypus 1t:1puluts 
Coenalfionldae 
Coleopte,-

Collembola 

Conch1pelop;o 
Con::h•pelopl.l fasciata 

CoptotomUJ 
Corbicula 

Corblo.11.a flumlnea 

Corbicull manll1n1!1 

Corlxidae 
COrophlidH 
COrophlum 
ton:,phlum l101st1'1 
CorophhJm loulllanum 

CorydalidH 
COrydahn 
Corydalw comutus 

Corynoneura 
Corynoneura celertpes 
Corvnorteura lobata 
COryphaeschn1 
Coryphaeschna incens 

Oanconvx 
Oicotopus 
Crieotopus bldnctus 

Cricatopus bicinctut lr"P­
Oicotopus or orth~~dhu 
01cotopus pollnu 
Cricotopus n:mus 

Cricotopus R"Ytrsw ,rp. 1pler 

Cn<otopus J'/IYOftrb I'll• 
Qicotopus trftndatus 
Cryptochlronomus 

Cryptochlronomus bl1rfn1 

Ctyptochln:inomus fulws 

Cryptochtrcnomus paraNlws 
Oyptatondlpos 

CulicidH 
O,lla>idos 
CUm.ilionidH 

CVblner fimbrlolehls 
c.yrnellus 
Cymellus fratemus 

cvmeliu, m1rsln1lls 
Dannella simplti 
Oosyhelu 
Deapoda 
OemicryptOCh\ronornus 

Oero 
De ro botrvtu 
Oero ditltlta complex 

Oero flobolli1•r 
Oerofurt:1ta 

Oero todenl 
Dffl>po<tin>l> 
Oerowp 
Oessorobdelll phalor> 



Dlc:m,ndiper 

Olrn,ttndipes lnc:uMJs 

DiO'Dtendipu. leucoscells 
Dlcrottndlpes lobus 

Dicratendlpu luctfer 

Olcrot1ndipes modutus 
Ditrotendipe.s neamodestus 
Olcrattndtpes narvos,a 

Olcrotendlpe,s simpsoni 
Dk.rotendlpu thanatoeratw 

Dineutus 

Dlne11tus disa>lor 
Diple<trono 
Dlpl0<ladlus 

Oipter, 
Dixidn 
Dromo1omphus 

Oromoiomphus spinOSIJS 

Dublraphla 
O\lbl11phlavittm, 

Ou1esll tiJrin1 
Dytiscidu 
Edlpldrflus 

Ectoproctlt 

Elnfeldla 
Elnfeldll nmhrtochue 

Flimla 
Ellmil 1lb1nyensls 

Ellml• fiorid1nsil 
Elllptlo 

EIUptlo l1nceol1ta 

ElmldH 
EmpidldH 
Enal~sma 

Enallacma .clcnatum 
EnchYt™,ldH 
Endoc:hlronomw 

Endochironomus ni,ric:ans 

Endochlronomus subtendens 
Endotribelos hespertum 
Ephtmerelt. 

fphem1rel11 trflinuta 

Eph•metl!:llid.it 
Ephemert>ptera 

[phydridH 
Epl1uchn1 heros 

Eplcon:lulla p~n::eps 
[J,kofduli1 princeps re,i~ 
Epolcododius 
Erythemls 

£,ythtmls. simplicicollis 
Eukiefteriella 
Eupere cubensis 
Eurylophella 

Eurylophella dorls 
Eurylophella tempor>lls 

Ferrissia 
Fel'N5il nwlaris 
Fon:lpomyil 

Garnmirw 
GammaNJ fasclatw 
G1mmarus rnuc:ronatus 
Gastropoda 
Gel'Tfdu 
Gem, 

Glolobdella elonptl 

Gloulphonlidae 

Glyptotendlpes 
Glv;,totendlpe.s 1mplus 

Glyptotendipes lobfferus 

Glyptatendlpas merid1on1lls 

Gtyotatendipe.s seminole 
Glyplotendipes ip. b epler 
Glyptotendipes tomceu, 
GoekUc:hlronomus 
Goeldic.hlronomu.s amazonicus 
Goeldlc:hfronomw fluctuan, 
Go11dlthlronomus holopra.slnus 

Gomphkta• 
Gomphua 

Gomphus JMHldu.s 
Gomphus plaeiltus 
Gonioblsls 
Gyn,ulua 

GvraUlus parvus 

Gymas 
Gyretos lricolor 
Gyrinld11 
Gynnus 

Haber speclosus 
H1brophlt1bl1 vlbrans 



Haemon1ls waldqeU 

H>ntt 
HallolldH 

HamlJChla 
HeHr;hus 

Helisoma 
Helobdella elonpt> 

Helobdella fusca 
Helobdella .st'.IINlis 
Helobdella tr!Mrialls 
HelodldH 

Hemerod!'1>mla 
Heptopnla 
Heptaaenll f)avucen1 
HeptaeenlidH 
Hetaerina 
Het1erfn1 tttil 
Heteroptera 
HeterotNSocladtus 

Hexa1enll 
Hexa1• nl1 muf\c:11 m1rtl•ndl::a 
Hlppolyte pleunocantha 
HirudinH 
Hyalell1 azteca 
Hydno 
Hydrcb.lenu1 
Hyd.-obRdH 

Hydnx:anthus 

t'fydrocanthus obloncus 

Hydrochw 

Hydrodroma 
Hydroporus 
Hyd.-opsyche 
Hyd.-opsycht lncommoda 

Hyd.-op,vchld•e 
Hydroptlla 
Hydn,ptOldat 

HY&TObatu 
tsc:hnura 
bctmu111creduli 
lsonycht. 

lsonychl• pictlpes 
lsonyc.hll slcai 

lsopod, 
IOe:ffeNIUJ 

koe.t!JkH 
Lablobattll 
LabNndlnla 
1.Jibrundlnl1 Johann.sen! 
Llbrundlnia pOosell1 
Labnmdlnla sp. a eplet 

l.aev>po 
Lampsllls 

1.2 .. 1a 
Llrsia lurid• 
Lebertla 
lipidoptera 
Leptocella 
Leptoceridae 

leptohyph;dH 
Leptophlebla brodleyt 

Leptophlebla lntem,edla 
Leptophlebfidat 

Le'lhocerus 
Ubellula 
Ubellulldae 
llmoephllldH 

llmnochln:momus 
Umnodr11us 
Umnodrilus hoffrnoisterl 

Urnnodrilus pn,fundicoll 
Umnophlla 

Umonla 
Uodessu.s fl•vicollis 
Uopo~us 
UoPoNUJ pit.tel 
1.Jrceus 
Lope,dadius 
LumbriculldH 
LumbriQllus 
Lumbrtculus vuieptus 
LymnHkfH 
Maccolftrtlum 
Maa:affertlum uia'Uum 
M1a;afflrtium mexk:anum lnterrum 

Maccaffertlum smlthae 
M1c:n:,mla 
Macromia UUnoM!:nsts. 
Macromla taenioW 
Macronetn1 
M1cn>nem• an::ilin1 



Macronemum carollne 
Maaon'(Chw 
Mac:ronychut 1llbratus 

M•cropolopll 
Macrostemum 
Matr0stamum carolfn1 

MeptoMiaS 
Moploptero 
Memipta 
Mu.ow.Iii 
MesoYtlil mubantJ 

M«triocnemus lundbeckJ 
Mlc:rocylloepu, pusllllil 

Micromenetut 
Mlcromenttus dOltltu& 

Mlc:rosporidn 
Micratendipes pedellus l'l). 
Midtopsb 
Mol1nn, tryph1n1 

Monocorophlum 
M00,.obdell1 

Muscidlt 
Mysid1ce1 

Mysidae 

Mv,idop,b bietlowl 
Mytllop,b INcophHttJ 
Naidid1t: 
Nab, c:ornmJJnls 
Nab communts complex 
N1b.sim;>itx 

N11>(1ntm1Q 
N1notildluo 
Nanodadkts attemanthun 

N1nod1dka al'lemlthtrH 
Nanocl1dlus d lstlnctu, 

Nuileschn• penuant.ha 
Noctopsycht 
NectopJVChl t11ridk:11 

Nec:topsyche uqulsltl 

Ntctopsy,he p1vid1 

Nematoda 
Nem1tomorph1 
Nemertea 
Neoperil 
Neoperia clymtne 
Neopon.u 

Neoporus mellltu, 
N1otrichl1 
Nerttln1 redlvatl 
Neumanil 
Neu,-cllpsls 

Neurocllpsls c,.pu,cuilris 
NeurwcUpsis: mtlco 
Ntun>a>rdulil 
NeurocorduUa 1l1blmcnsll 

Neuf'DC.Offfulia me>iuta 
Nien:>ni1 
Nlioanypu, 
Nnoonypw fimbrilnu 
Nlloth1uma 
Notonecaa 

Notonf:ctid1e 
Nyctjophylu 
Nymphuia 

Odonatl 

Odontomyta 
Oetotll 
O.cetls clnerasc:ens 
Ottoth ,ec,1111 
Oecetis noctuma 

OttelbptM 
Oecetls perslmOis 
0eutu,p. 1floyd 
Ottefu sp . • tloyd 
Oligotho.,. 
Omlws sp. 1 1pl1r 

Ora/Jdrw 
Orconec::as 
Or1b>tal 
Onrnorp rnlr>bllb 
OrthocladPn .. 
Orthotladlus 
OrthodldlU1 annec:ic.ns 

O<thotrithla 
D,cyothlro 

P1chvdJpilx 

Pathv,!iplu lonfipennb 
P1l1emonetu 
Palaemonates kadl1ken,ls 
Palaamonttes p1ludosU1 

P1lpomV11 



P1lpomyl1 tlbi,lb 

PalPomvla/beni. VP-

Parachtronomu.1 
Parachironomu.s arinatus 
P1rachlronomus dirKtus 
Parachironomu.s frtquens 

Parachlronomus pectinatellH 
ParacLldopa1ma 

P1ncnflln1 
Porasnotlno loonstMb 
Pmkleffwriello 
P1t1kltffariella sp. • epler 
P1rakieff'*rieU1 sp. c ep~r 

P1ral11.1terboml1ll1 nl1roh1tteraie 
P1T11limnophyu 
Parametrlocntmus 
Paranyctlophylax 
P1n1poynx 
Po,.p,y<:ho 
Puat1nvt,1m.1, 
Paratanytarsus sp, c epltr 

P1r1tendipe1 

Puatendlpe.s connKttns 
Pecttnatella 

Pectln1tell1 m1gntfica 
Polocypod1 
Pelocoris 
Pelocoris flmorrtus 
Peltocfyw 
Pettodytes se.xm1cul1·tu1 

Pentaa:enll 
Ptntaneura 
Penuneura amH 
Pentantura inconspkua 
P1nt1ne1,1ra 1ncutu 
P1nt1neura monllll 
Peria,m, 
Perfthemls tene~ 
P1riest1 pl1cid1 
Periestl placlda compltx 

Pertid1t 

Phunopsectn punctlpe.s; lr'P, 
Phorid11 
Phyloc1ntn,pu1 

PhySI 
Physa pumllia 
Phvielll 
Physoll1 hotuowoph1 
Physidu 
Plona 
Pisidtldae 
Pl1tobdtlla 
Placobden, parasltk:t 
Pt1cobdell1 tnnslueeo, 

Pllnaril 
Ptanariidae 

Pllnorl>elll 
Planorbldae 
Pr.tyholmlnthu 
Polvt<,ntropodldu 
Polyc:tntrcpus 
Potycentropus lntt rruptus 
Polych1ot> 
Polyptdllum 
Polypedllurn avlc:eps 
Polypodllum b«oloi• 
Polypedllum convlctum 
Polypedflum convlctum llfP. 
Polyp<dllum fallu 
Polypednum flavum 
Polypodllum h11te,.le 
Polypodllum h1ltenle rrP­
PoiypedRum llllnoenM 
f>olypedllum m1noenst ITP• 
Poiypedllum ontorio 
Polyptdllvm sai.enum 
Potypedllum scalatnum CJ'T', 
Polypedllum t,wonw 
Polypedllum tr11\1m 
Pomtce• 
Portf'era 
Patom'(II 111111 
Pristlnt 
PrlstJn1 HQUIHtl 

Pristine leldvJ 
Pristlna svncllte.J: 
Prtstlnell1 jenklnae 
Pristlntlla sirna 

Prtibuzla 

Proambarus 



Proclodlus 
Prod1dlu, (holoc,nypuJ) 

Prodadlw belk" 
Prodorton 
f>MJJt.Ol'T\I 

ProJ:Oma Nbrurn 
Psan,moryc:tida COflVOlutus 

PleCtn>dldlw 
PsecttoCladlus wm,IIJ 
Pseudochironomus 
Pseudochlronomus fulvlvtntrts 
Pseudocloeon 
PH:udocloeon 1llchua 
Pseudoc:lo.on ephtppiatum 
Pseudocloeon ftondale 
P.saudocioeon parvulum 

P.seudocloeon proplnquum 
Pseudoc1oeon punc:tiYentrls 
Pseudosucclnu 
Paud0i1.1ctin11 columella 
Psychoc:lidH 

Psy,:homylldae 
Pycnopsyche 
PynllldH 

Ran1tn1 

Rh•1owlil 
Rh11oveli1 chortutes 

Rhontus a !ldUJ 
Rhoocrkatopus 
Rheocric01opu1 robldd 

Rheosmtttia arcuata 
Rheotan'(tl,BUI 

Rheot.nytarsus distlnctisslmw lTJ). 

Rht'ata.nvtarsw exil'UUJ 

Rh~nvtarsus u:ftuus frp. 
Rhaotanytlf1Ul pellucid1,1, 
Rheumatobatu 

Rhynchoc:oelll 

Roblckla cl1vleer 
S111therll 
Sclrtes 
Sclrtldae 

Slolis 
SlmulOdH 
Slmullum 
Slphloplocton 

Si,yl"I 

Slavin• appendlcul1ta 

Smlt\il 
Spefd\on 
Sphaerndae 

SphHrlldHlmoPUJa) 
Sphaerlum 
Sphaaroma destn1ctor 

Splrosperma 
Stelechomyil perpulchrs 
Samp«lllno 
Stempelllna sp. a e.pl•r 
Stempellinella 
Stempelllnena fimbrtlr. 

Stenac:ron 
Stenacron floridense 
Stenacron lntupunc:tatum 
Sten,lmts 
StenelmlJ inttnnafls 

Stenochlronomus 

Stenochlronomus hl1artJ 
Stenonema 

Stenon•ma ex~um 
St1nonerna lnt1erum 

Stenon•ma lnterpunctatum 

Stenonem1 proxlmum 
Sienonerna tmlthae 
Stepher110nlan1 trlvlndran1 

Stk.t:ochtn::inomu1 
Stlctochlrunomu, at!r>rtw lf'P. 
Stktochln>nomus devtnctw 
Stylarll ilcwtris 
Symblodldlus 
Symootlhutlo 
Syncllto 
Synurolil 
Tablnldae 

THnioptflYJ< 
Tae.nk>pt1ryx nlvllU 
l1n1ldae 
Tanypus 

T1nypw punctlpennls 

lanvtarsu• 
T1nytarsus 1p. 1 1pler 



Tanytama sp. c epler 
Tanytarsus SJl. e epier 

Tanvuirsus JP. f epler 
Tanvtarsus sp. Q epler 
Tanytamrs SJl. J ep~r 
Tanytar,w sp. I epler 

Tanytairsus sp. m epler 
TanytaBUs sp. o epler 

TanyQBU-5 sp. p ep~r 
Tanytarsus sp. s es>'er 
Tanytarsus s:p. t epler 
T1nyt:1irsus sp. v epter 

T endlpes decorvs 
T etraeoneurl1 

Thermoneetus 
ThienemannteU1 
Thlenemanniella lobapodem1 

Thienem1nniella sirnms: 

Thienem1nniell.1 .sp. a epler 
Thlenemanniel/1 sp. b epl1:r 

Thlenemanniella xena 
Thienem1nnlrnyi1 r,p. 
Tipu~ 
Tipulidae 

Tortopus 
Ttjaenodes 
Tri1enodes pema 
Triaenodas pe:ma/helo 
Trfbelos 
Trlbelos fusticomis 

Trlbelos Jucundum 
Trichoc\idlus 
Trichoclaidlus extatus 
Trichocladius robadd 
Trichocorixl 

Trichopter11 

Tricorythodes 
iricorythode.s albillneatus 
irombidlforme.s 
ircpistemw 
Tublflcid•• 
Turbollarla 
TYetenta discoloripe.s rrP· 
ivetenia vftruies 
Uniomerus carolintin1 

Unionlcol• 
UnlonidH 

Uranouenl.a 

Veliidae 
Vrvipufdu 
Vivip• NS 

Worni1ldi1 

Xenochironomus 

Xenochfronomus taenionotus 
X.enochlronomus xenolabls 

.Xestochironomus 

Za\ffhelli mannorata 
Zyfopten, 



Appendix 111.E. Flow dependent benthic macroinvertebrate species from FDEP S810 database -Apalachicola River and floodplain sites only 

lilt~ b\l Donokl H. by, So.m Ecol ...... Florido DEP, Ho-D;nriCI, -..colo, FL 

Thu lift k ru,r;.,.d ID ft-.do..-(loti<) .-,ia. 
This Is• pa~ lilt based on limlUcf monh:oMc. C.omprehumw ~coaop:e1 im,,antories of betrthc m1crobwene~es in tM 4Nllcmoll Aiftr t.w not bM" c:oodua:d. 

TatalofU7.,.,.da,ll ofwhlch an di,ptlmt.dJntheaddisftylistlnanothatWOftlhaft. bdudb'wd.441llc:.-ti°"t.ot»lll:.l.12~t:MI. 

Spedu 

Acerpennt PYlffllU 

Acroneuria •r.no.Q/evoluta 
Apraoes 

Aanetlna f1nnullpu from &em•r 1949) 

Ancyronv,rvorie,ptus 
A,Jla aplalis 

AIJla moesta 
A,Jllffllula 

ATJla tlbialis 
Atherlxvariepu 
Attenella 1ttenu1ta 
Saetb ephlppi1tuJ 

Butis frondal~ 
81etfs l"t1:rc:at1rts: 
&Ht.ls propinquw 
Saetil.si,lnosw 

B0"(1ri1vin0S1 

Brac:hyceraa 

C.loptel'fl 
Qmpeloma 1enlcuh1m 

C.ntroptRum hobbsl 
CentroptJlum tri1n.1utrter 
C.ntroptPum Yiridowlans 
Cer»clea dllua 
Ceracte• macutata 
C.emattnl 
Chtumatopsyche 
Ollmam 
O,oruterpm 

CorydalUS toml.lt01 

Cymellus frltemus 
Dinnella tlmplex 
Olplectton1 

Drom01omphus 1plnosu1 
Dublraphla vtttatl 

Ellmla alblnvensis 
Ellmi1 flortdensls 
Elllptlo 

ElliptJo l1nuol1t1 
Ephomerella 
Eukie!h,riella 
Euryloph1lla dorts 
Somphus Yltus 

Arilomphus palUdus 
Stytunu olo1iatus 
Heftehu., 
Heptlpnla flaw.scans 
Hmerfna tftll 
ltyd10psych• 
Hydropsycl,e ltlcommod• 
HydroptJla 
lsoperia 
lsonv,:hla pictlpes 
IJonyd,la sica 
L.ampsllis 
leptoteridH 

l1ptophlobl1 br>dloyl 
uoptophlobla lntermodla 
Maa:affertlum exl,uum 
Macc:aff•rtlum mulcanum lnt11rum 
M1caffertlum 1mtth11 

M1cromll Ullnotlnsb 
Macrom .. t11nlolm 
Macronvctius Jlabratus 
Macrastemum caroHn1 
MluocyU01pus pusillU• 
Molanm1 tJyphena 
Nectopsvd,o Qndldt 
Neaopsyche eaqulslta 
Nooperia arlsonl (FAMU Ravine Swdy) 
N._nt clyrneno 
Nootnchla 
Nturedlpsls mpusa,larls 
N•urecUpsls mtlcc 
Neurocordulla: alabamensts 
Neurocordull1 moltitl 
Ni1n>nl1 
Nyctiophytu 

Oeatts ,eolJla 
Oemls porslmms 
Otcttls 'IJ. a floyd 
Orthotrlchle 
Paro&neUna I furn°" FAMU Ravln• Study) 

Ouplkatlon - See caddisffy ltst from A. Rasmussen 
Ouplftittion -Set: t:idcUsfty lilt from A.. Rasmussen 
Duplication - 5ft addtSfly list from A. R.umuuen 
Dupliation -see adcHsfly list from A.. RaJmuutn 

Oupllatlon -See caddisfly list from A. Ra1muP1n 

Dopliation - See: addtsfty fist from A. Ra.smussen 

DupDation - See add'osfly list from A Rasmussen 
OupJh:atlon - Set: caddlsfly IIJt frDm A.. Rasmuue.n 
FSBH 1961 

Duplication - See caddisfiy list from A. Rasmussen 

Dupllc.ation -.See tiddisfly list from A. R11muuen 

DupllQtion - Seo caddisfty list from A Rasmuuen 

Ouplic::rtion - See caddisfly list from A RasmUSMn 
Duplication - See a ddisfly tin from A Rasmuuen 

Ol,iplicatk>n - See addlsfty llst fn:lm A. Rumuuen 



Paracn.iini bnsensis 
Ptnt1.1enil 
Pe.riem placid1 compla:x 

Phy1oa:ntrapus 

Potycentropus lntenuptu,s 

Potamyla flaw 

Procloeon 
Pseudocloeon alachua 

Pseudocl~on ephlpplatutn 

PHUdocloeon Irondale 
Pseudocloeon parvulum 
Pseudodoeon pro;,lnquum 
Pseudodoeon punct.ive:rrtrh 

,Psychomylid .. 
Pycnopsy<he 

Rheocticotapus robacki 
Rheosmtttl• ucuata 
Rheotanvtarsus 
Rheotanytarsus distJnctlsslmus 9tp, 
Rheotanytarsus exiguus 

Rheotanvtarsus eJtieuus CTP· 
,theotanyiarsus pellucldw 

Robocklo claviaer 
s .. therta 
SimuHum 
Slphlopletton 

Steltchomy\l pe:rpulchra 
StenacJt>n floridense: 

Stenacron interpunctatum 

Stenelmls 
Stanelmls antennalls 

Symbiocladlus 
Sv,nponhartllt 

T11nk>pteryx 
Tortopus-
Tril~odu (helo FAMU Ravine Study) 

'T rtatnodes pt;rM 

Trithoct.dtu, 
Trtcorythodes a?bllineatw 

'Twtentl vttracies 
VJvlpaNS 
Worm1ldl1 
Xenochlronomus lt'enolabls 
Xestochrronomus 

Total number of species 

Number of duplicated adcllsfty spe:det 
Total number, less dupliQtions 

Oupllc.atlon - See caddlsfty list from A.. R.lstnussen 

127 
15 

lll 



Appendix 111.F. Plant Species of the Apalachicola River and Floodplain 

Total of 342 species, 165 of whlcl, oa:ur at relatively low elevfflons affected by flows In th• S,~20,000 els range. 

CDmpll<d by Ht/en Ur,111 baud on~ Ust In Gholson (l!IBS/, uni= orherwM ltldJc,,red. 1IIJs Is o pon/ol Ust bttaust no c.omPl'htnst;o ,u,wy of floodplain plan a ho, bttn conducted 10 dar,. 

Synonomy /rotr> VSIM /10J3/; Nat/anol W,r/ond Inwnrc1,y (NWI} azttgorios from Lich..., (ZOU) ond LISOA (20IJ/ fo, At/cmti< Gulf C-U,, P/o/n /AGCP/ 

NWI E~ of oc:auTer1011t low .._ *"'"' Gholson llJ&Sl--,, --olfioodploln fnim NW1 
Spodes A/Jthonhlp Synonym t.ommonNlnw (MCI') •ind'- bol- uol.,.-..,lso lndlated 

Amlypho rl>omboJ~o Raf. Common Thrtt-See1H'1era,ry FAC 
AarMQUndo L. Ash-leaf Maple FAC Found In swomps (Dam & u,111, 2008) 

Atttrubntm L. Med M1plt FAC Fo•nd lo SW>mps (Dam , U,h~ 2008) 
Aar socchorlnum L. Sllvor M1plc FAC 

Aanello re1»-ns (WalL) L.C. Rich. SpHanthes 1meriain1; Aan Opposlte-LUf Spotflowtr FACW FACW 
Ageratino altlsslmo (L) King & H.E. R.obir Eupatorium rucosum White Snokeroot FACU 

AJnus s~rrulato (Alt.) Wllld. Brtloksld• Alder FACW F/CW 

Altemonthrro phllon,oides (Mart.) Griseb. Alll111or•Wttd OBL OBL 

Ambrosio ammislfjolla L. Ann111I Ragwerd FACV 
Ammann/a cocdneo Rottb. Valley Rednem OBL OBL 
AmOtplto /fllllcoso L. Foist lndlgo-B-,h F/CW FACW 
Ampelomr corcliniama (W11L) Nesom Aster aroiiniinu.s Climbina•Astar OBL OBL 

AmpeJopsls orl>orro (L.) Koehne Peppervine FAC 

Am~loPflJ cordato Mlthx. HearM.eaf Peppervtne FAC 

Amsonlo tab«maem0ttto110 W11L hstem Bluemr FACW FACW 
AndropoQoii gl~raru:s (Walt.) B.S.P. BushyBIUHtem FACW FACW 
Mdropogot'l Qyt'O/U A5ho Elllorn Bluestem FAC 

Aplasom,ric.ono M•dll<. G11>undnut FACW FACW 

AnsMmo df'OCfJfltium (L.) Schott Greond,.gan FACW FACW 

A.ristolochlo COtMntOI0 Sims lsotrem1 tomentosum Wooly DUlchmon's PIP< FAC 

Arundinono gigontto {WalL) M•hL Glffl!Cono FACW FACW 

AJcleplos P,rTnnls W•IL Aqulllc: MRl<wHd OBL OBL 
A>pl•nlum ptaryn,.,.. (L.) B.S.P. Ebony Splttnwort FACU 

Acooopus/urr:aM (Fluec,f} A.S. Hltchc. Be Corpe! Gm, OBL OBL 
Boa:haris glamfflJ!/flara Pers. 511vortln& FACW FACW 

Bocrharls hal/mlfolla L. Groundseltree FAC 

kr'chemlo 1conck111 (HI") It. Koch Allb•mo S•ppltjoclc FAC 

Bffuto nlgro L. Rlver Birth FACW FACW 

Bidtns dlscoidto (Torr. & Gray) Britt. Sm1fl 8tgprticics FACW FACW 

8/gnonla copr,olara L. Crossvlne FAC 

BMh~rJo eylindrlctJ (L.)Sw. SmoleSplk• Folse Nettle FACW FACW 

Bolton/o dl/fu.a Ell. Sm1I\..He~d Doll's Daisy FAC 

8ott')lchlum b~motum (Slv.) Undtrw. Sparulobe crapefem FAC 

Brvnnichk1 ovoto (W•lt.J Shinnet'I arunnichla c\rrho.511 Amtrita1"1 Buckwhe1tvlnt FACW FACW 

Bulbastylls botbato (Roni>.) C.8. Oort« Wltef-Gl'lll FAC 

C.Otlkorpa omtricono L. Amorian Bu'11y-8trry FACU 

CD/ycocarpum lyonH (Punh) G1"y CUpseed FACW FACW 

Campsls rodicaru (L.) Seem. ex Buntau Trumpet<re,~r FAC 

CDrdam/ne pen,y/vonlco Muhl. er:Willd. Quaker Bltteraus FACW F>r:W 

Coru obscohdito Mackenzie Thlcht sedge FACW FACW 

emu chuokttnsll Schwein. °"'"'"" sedc• FACW FACW 

CDrOJC)oorli II.alley Cyprtss-Swamp sedJt OBl OBL 

Cilru loulsionia1 11.allll'f Laulslono Sodge OBL leitmon (1978) Olll (Nail W<!land lnven!Dry) 

C.Oru tribulolda W1hlenb. lllunt 8"'om 5edat FACW FACW 
ea,p;nus a,rolinlono W11L A.merian Hombe•rn FAC Found In swamp> (Dim & Uslrt. 2008} 

Cof)'(lalbo (L.) Nutt. Mochmut hldCOry Dim & Light (2008) 

Caryo 0!1"0rko (Michx. f.) Nutt. W1ttr Hldcory OBL OIL 
Cof)'(la>lfl/formis (Wang•nh.) It. Koch llt!er•NII! Hldcory FAC 

Cat)'Oglabra (P. Mill.) Sweet Pignut Hid<ory FACV 

CDtD/pa bignoniolde, WalL Southem Cllllpo UPL 

Wti, /-,/gato Willd. Supr•B<rrv FACW FACW 
~pha/anrtua oa:l~ntol/s L. Common 8uttonbt.Uh OBL OBL 

OlomOU)ffhum~o (Eng•lm. e• Gr>y) Small Sp1'1!:1dl"f: 5.andmat FACW FACW 
ChOmotiyct macuttna (L.)Smoll Spotted Slndm1t FACU 

Chasmonth/um latlfolium (Mlc:h>L)V•tes Indian Wood-Ol!S FAC 

Chosmonthlvm sessll/florum (Polr.) Yates la11S•Lt1f Wood-Oats FAC 

Ch,nopodium ombroslotdes L. Mexican tu FACU 

Cinnomomum comphorv (L.)J. Presl Clmphortn,e UPL 

O,matls r:rispa L. Swamp Le1thtr~owu FACW FACW 

Ckmatis 9/aucophyllo Small Whtta--J.eaf L11ther--Flowe, FAC 

Clttl,,v oJnifol/a L. Coastal Swttt•Plppert,ush F/CW FAr:>N 
COcrulJJS corollnus (L.) DC. Clrofono t.orolbe1d FAC 

COlocmio rsculento (L.) Schott Coco-Yam FACW FACW 

CDmmellna dlffusa Bunn. f. Olmbln& Dlyflower F/CW FACW 

CDmmellna lllrplnk:a L. VlrJinlo Ooyllower FACW FACW 
OJnodlnlum cwlt.st}1u,1m (L.)OC. Eupatorium c:otle:stinum Bl"° Mlstflower FAC 
Cottrvdlno a,,,ac.rns Ton-. & A. Gray US.nth.) A. Gray Fata rosemary 
COnyn, canodeJUls (L.) Cf'Oqulst Conodlon horsewoed FACIJ 

'°"'"' omom,nn 
P. Milt SilllyDocwood FACW FACW 

Comusjoem/M P. MIII. Stlt!Dopood F>r:W f,CW 

CmtDtgus morshollli Ec,len. hrsley Hawthorn FAC 

Cnnoegus ,port,ulato Mich.It. IJttle-liip HIWlhom FAC 
Ctvtwgus .,,ridls L. Green Hawthorn FACW FAr:>N 
CritHUTI olMl'imllum L. sew ... siners OBL OIL 

Croltllaria sptrtObills Ro!II Showy Rattltbolt FACIJ 

Cynodoodaay/otl (L.)Pm. Bermlldt Grus FACU 

CyptM/rla L. Rit,field Flot s.dc• F/CW FACW 

Cyp,ModanttllS L. Rusty Flot Sedge FACW FACW 

C)'p«'rus souarrosus L Cyperw lr\status Awned Flot Sedge OBL OBL 

CyprtllS 1urlriomensls Rottl,. Troplal Flot Sedge FACW FAr:>N 

cy,11/a 10fZm/floro L. SwompTl11 FACW FAr:>N 



!Ncumario borbaro L Woodv.mp FACW FACN 
t>esmodium ponlcu/arum (L)OC. Panlcled-Le•f11ek-Trefoll FACU 
Oict,ondra caro/Jntnsls MICN<. carolina Porr('J-F-oot FAC 
Oklipttro brodlllffll (Punh) Spre~1, Branched FoldwinC FACN FACN 
Olgh:ario dliaris (Rea.)"°'"l Southern Crab Grus FACU 
Oigitario urotino (W•~-l Miduc. Oworf Crob G~SJ FAC 
o;odlar,ra w,11. Poorjoo FAC\/ 
Oiodio 1/irpiniana L Virginll Buttonweed FACW FACN 
0/mpyros illrplnlano L Common Persimmon FAC f<>und In swamps (Dam & uetn, 20081 
0/tTysjnla frvt/cosa (81rtr.) Govoeru & F Sebtstlanl1 lrutlmsa Gutt ~buti1n-8ush FAC 
t)(Jd,a,wa India, (Wrows) Focke lridian .nrawbtrry 
E<hinodl/aa aus-110/// (L) kllN. Lari• Barnyard Grass FACW FACN 
EehinodoM CMilfoJius (L) Griseb. Crttpl~ BU<T!>ucl OBL OBL 
EdiptD pronrrrro (L) L Ecfrpi. alba FatR Daisy FACW fACW 
£id>homio ams/pa (Mlrt.)SOlms Common W1ter-Hyadnth OBL 08L 

Elephontopus a,ro(lnlanus Rlrusc:h. tarohna Eltphant's-Foot FACU 
E/euslne lndlr:a (LI Gaerm. Indian GOOR Grus FACU 
Elymus v1rplnlcus L Viflln~ Wild Ryo FAC 
Endodeca serpe.ntarlo (L) 1111. Aristolochl1 serptntarill Viraln1'-S'11ken>at FACU 
EroofOSfis ,monn S. Wm. Emot's Low Grus FACW FACW 
Crogrostis hypnoldu (Lam.) B.S.P. THI LoYi! GrlSI OBL OBL 
Eragroms Jopon/a, fThUnll.) m,. Eta.a:rostls 1lommtJ Jap,nut Low Grass FAC 
Erogrostfs pectlnoao (Mlchx.) Nees ex Jedw. Purple LDw Grass FAC 
Ertthtitts hl•ro<l/fo/la (L) Rlf. Ell DC. American bumweed FAC-
Eupatr,rium cap/II/fol/um (Lam.) Small Oog-Ftnnel FACU 
Eupatorlum composftl_fofium w,11. Yankeeweed FAC 
Eupatorium serotlnum MictuL Late-Aowe:rlnc Thoroughwort FAC 
Euthomia coroliniona (L) Grune u Porte) Euthiimll minor Slender Goldentop FAC 
Fogus grand/fol/a EM1, Ameri~nkech FACU 
F",mbristy/is vahlll (Lam,) Unlc v,hl'sAmbry OBL OBl 
FleischmOflnio incamara (Wilt.) Xlnc t, H.E. Robins. Pink Slendtr• 'Thoroughwon FACI/ 
ForestiHo acuminatD (Mlohl<.)Polr. Eastern Swam~Privet OBL OBL 
Fruxinus t:11rollniano P. Mlll. Clroltn, A.sh OBL OBL 
Froxlnus pennsylvonico M1'111. GrHnA.sh FACW FACW 
Frrvdnus pro/ufJdO (Bwh) Bust, u Britt. Pumpkin Ash OBL 08L 

Goloctia l/0/ubl/i's (LJ8rftt. OownyMllk..Pt.1 FACU 
Golium apariM L Sticky-Willy FAC\I 
Gelst:mluffl ronkinll Smaff ~nkin'1 Trumpet-flower FACW FACN 
Gdsernium um{>ffVirens (L)AII.I. E~nin.c Trumpet-Flower FAC 
Gleditsla oqUtltico Marsh. Water~Locu.st OBL OBL 
Grrroolo floridano Nutt. Aorlda Hedgo-11yssop OBL OBL 
Halesio diptero Ellis Two-Wing Sllver!>tll FAC 
Ht lenium outumnole L Fan SneezewHd FACW FACW 
HeffDtTDpium lndicum L lndiln Hrliotrope FAC 
Hetam:h~co subaxlllorls (Lam,) Brin. & Rl:Sby ClmphOrwHd UPL 
Hibiscuslor:vis All Hibiscus mflltlrts Hafbero.Lnf Rbs.-Marknt, OBl OBL 
Hlbiscusnm<helltOS L Crilnsor>-Eyed ~ose-M,Jlow OBL OBL 
lfydrocmyl, umbol/au, L Many-Rower M1rsh-Pennywon OBL OBL 
Hyd~a q11odrlvo1Vis Walt. Waterpod OBL OBL 
Hygrophilo locustrls (Schlec!tt. & Cham.) Nees Gulf Swampweed OBL DBL 
Hymrnoc.vllis oc.tldentolis (La Conta) Kunth eoronna Sploer•Uly OBL Lettmon (1978) 06L [N1tl Wetf1nd lnvtntory) 
Hyperlcum ooJJoldes Lam. &td~w St. Johnti-Wort OBL OBL 
Hyp,riatm hyp,ri<oldu (L) Ctant, St. Andrew's<ros.s FAC 
~ricum muti1um L Dwarf St. John',-.Won FACW FACW 
1/yperiatm hlbu/O<Sum w,11. TNdenum tubulosum Lesser St. John•s•Wort OBL OBL 
Hypericum virplnkum L Triadrnum vircinlcum ViriJnia St. John1.,.wort OBL OBL 
Hy,xricum wotttri J.G.Gmcl, Triadrnum waherf G!"!IU:r St. Johnts~Wort OBL OBL 
Hypoxis curtissii Rose H. leptoarpa Curtiss' Yellow Stir-Grus FACW FAON 
Hyptis mvtobills (..._ Rich.) Briq. Tropic:11 bushmlnt FAC 
1/u am</anchler M.A. Curtis IJC Chapm.1n SorwHolly OBL Dam & Ugt,t (2008) OBL (Nlltl Wetland Inventory) 
luco,sin, L Dahoon FACW FAON 
/Jurhddua Walt. Deciduous Ho!~ FACW FACW 
1/uglabn> IL)Gr1\' lnlcberTy FACW FACW 
lluopoca AA. ,._rianHolly FAC 
ua ,1,mJdnaro (L)Gray Cotnmon Wlnti:lbl!ny FACW Dam & Light (2008) FACW (Natl Wetland Inventory) 
IJex vamltorlo />.It. Yaupon FAC 
lpomo,o horhrtfolla L Scariet-crteper FAON FAON 
lp,omt,ftJ/ocunoso L Whttestar FA( 

lpotno,a panduraro (L) G.F.W. Mey. Mln-ol·tho-Clrl!! FACl/ 
Iris virgin/co L VirJinll Bluefloa OBl OSL 
Itta virginico L Vit1ihla SWHtsplrR FACW FACW 
NOannuo L Annuol M1rsh-Eld11 FAC 
Jacqwmorrtio tamnlfolJa (L)Gris.b. HtlryCustervl,ie fACU 
Jug/ans nlgro L Black Walnut UPL 
Juni~rus irirplnlano L Juniperus sJfldCDlo Eastem Rtd..C:.dar FACU 
Justida owta (Walt.) Und1u Loo•Ftower W1ter•WIUow OSL OBL 
Lop,rstroemfo ftldlca L Crop•-Mynle UPl 
Lrchft1muaonan:, RI/. Holrypl.-.d 
l.ter>iolrrrtiallorb MictuL Cltd,!iy G= OBl OBL 
l.tttslaillrgin/cu WOid, While Grus FACW FAON 
U/rn,rlo floridona Chipman Cot1<wood OBL fSU Herl>arium spedmens (Go<ffT, OBL (NaU W1t11nd Inventory) 
UO()Qt;s nrpet/fo/Ja (L) R. Br, ex Alt. I. Chrmmas-Olndltstlcl< FACU 
tlgustrum /apon/cum Thunb. Japanese Privet FAC 
Ugusrrum lucldum W.T. Alton Glouy prtm 
Underobfflzoln (L) Blume Northfm Splcebwll FAON FACN 
LJnrJem;o dubio (L) Pennen YeJlow.Seed flbe Pimpernel OBl DBL 
Uquidomt>or styradftua L Swett-Gum FAC Found In swamps (Dom & ~ 2008) 

Uriodrndrm tuPplfero L TuJiptn!e FACU 
Labo/lo amocmo Micha. Lobelll 1•orsl11\1 Southem Lobello DBL OBL 
Labrlla cardino/is L Clrdi'11~ower FACW FACW 



LDniam }apori'ic:J Thunb. J1p1~ Hor,eysucijf FAC 
LJJdwigio~currrns W11L Wint•L11f Primrose-wmow OIL OIL 
Ludwigio polllffris (I.) !:IL Mlr"5h Priff\rDse-,.Wlllow.i OBL OBL 
L)'CoPUS omtrieonus Muhl. ex W. 61rt. Cut· Leaf W1ter•Horthound OBL Lettman (l.978) OBl (Natl Wetland Inventory) 
Lycopus Wrplnicus I. vi,.1n1a Water•H0,eh01,.md OBL OBL 
Lygodlum }opanicum (Thun.b. u Murt.) Sw. J1p1nue CJimbin& Fem FAC 
MagnDllo grandif/cm, I. Southern Macnolil FAC 
Magnolia virplniano I. Swett-Say FACW FACW 
Matus a:~ousrJfolto (Alton) Michx. Southtm aab 1pple 
Mate~o goffOCDrptJS (Wall.) Shinnets An&ullr.fn.tft MflJtvine. FACW FACW 
Mtmrdottlo oamunara (Walt.)SmaD A,cll-flower FACW FACW 
Mtlio t1adorodt L Chln>Ber,y UPl 
Mtlortufo ,»ndula I. Guadeloupo-C,,a,mbe,- FAC 
Miaorlthemum umbfmum ~.f. GmeL) Blake Shade Mucfflowar OBL OBL 
Mlcrosttplum vfmintum (lrin.) A. camus Japanoe Stilt Grass FAC 
Ml/tan/a JCDnMn1 (L) Wllld. Cllmblnc Hemp'lt'ine FACW FACW 
Mlmulus olat111 Alt. Shlrp-Wi1111 Monkt!y•Flower OBL OBL 
Mltdlello rtpe.flf L P1rtrid1e-8erry FACU 
MhreO/o pet/0/ata ~.F. Gmel.) Torr. I. E Cynoctonum mttn,011 lax Hompod FACW Leitman (l.978) FACW (Naij Wetland lnYOntory) 
Mot/ugo vertk/1/ata I. GrRen Clrpetweed fAC 
Mor<Jiac,rlf,ro (L)Small Myrica~rtttn Southern 61yl>er,y fAC 
MorusalbO L Whit• Mulberry fACU 
Mon,, rubtv L Rod Mulber,y FACU 
Muh~nbergia schrrWrl J.F. Gmel. Nlmblewill FAC 
Myrlopltyllum oquaticum (Veil.) Verde. p.r,ors-Futher DIil. DBL 
Nam/Ina dornestit:a Thunbers, S.c:rff bam.boo 

Nyuo aqucnico L Water Tupe.lo DBL DBL 
N~bljloro WIit. Nyss, sylvatica var. btflort SwampTupelO OBL OBL 
NyUOogtche f.lrtr. ex M1rih, 01eech11 Tupelo OBL DBL 
Nyssa sylvatlca Marsh. NVSSil sylvatica var. sylvttk Blide Tupelo FAC 
Oldrnlandio corymbosa I. Hedyotis corymbosa Flit-Top Mlllo-G,.lntS FAC 
OnocJea srnslblfis L Sensttlvt Fem FACW fACW 
Opli'sm~us. hirtrllw (1.) Buuv. Oplismenus setarfus Lon,•Leaf Basket Grus FAC 
OJmundo s~c:tabilis W111d. Osmunda replls vu. spea ~ I Ftm DBl OBL 
~ v/,piolono (P. Mlll) l.Kocl> Eastern Ho!)-Hombum FACU 
OxalisdU~nl1 .la<Q. ~dtr Yeno'N Wood-Somtl fACU 
Podrtro glabdlo (Po~.)(". Jottr.y Senedo 1libellus Cn!~af Groundsel DBL OBL 
PoniaJm anaps Mith>. 8e1ked Panic Grus FAC 
Ponialm dichatomiflorum Mlc!1JC. Fall Panic Grus fACW FACW 
Ponlcum rrpens I. Torpedo Grus FACW FACW 
Panicum rlgid11J11m Bose ex Nees Red•Top Panic Gl'MS Fl>..'W FACW 
Parthtnccissus qulnquefolio (L) Pllneh. VlrJlnle-Creeper F4CU 
Paspalum di.nit:hum I. Jotnud Crown Grass OBL OBL 
PaspollJm. nototum fl••u• Bahit Grass FACU 
Paspolum ~u-m Mlchx. si.nder Crown Gnoss fAC 
Pospolum urvilltl Steud. l/1,ey'sGm, fAC 
Pau/flom lut<O L Ye:Uow passionflower 
Petrondn, .,;,pinica (L)Schott Green Amr,,-AAJm OBL OBL 
~llajn,resans (L) Brin. Beefr.Olk pilnt FAC 
P<rs,opo/ustris (Rof.) Sa,s. Swamp Illy fACW FACW 
Perslcvrla glabnJ (Wllld.) M. G6mu Polygonum derisiflorum Smooth Sm1nweed OBL OBL 
Persk:arlo hydroplpero;aes (Mlchx.lSm1II Potygonum hydroplperolch Swamp Smartweed OIL OBL 
~rslcorio maculosa S.F. G,.y Polygonum perslcul1 Lld\"••Thumb FACW f4CW 
Ptrslcario pensylvanico (I.) M. G6me, Polygonum pensytvlnlcum Plnkweed FACW FACW 
Prrsicarlo punctatr, (!:1l.) Sm1II f>olY10num punctatum Cotted Smartwoed OBL DBL 
PerslcDrlo virglnia110 (L)Gaertn. Polygonum vircinlanum Jumpsted FAC 
Phonopyrum gymnoo:,rpon (Ell.) Nash Pl.nicum gymnoarpon SIVlnNh--Plnic:G~ OBL OBL 
P/>ogopttris lluogono,,terv (Mich><.) fff Thelyouri, heoaonoine,. Brood Beech fem fACU 
Pl>on>dtt>dtot!ltuco,pum (Raf.) Re,..1I l M.r. /ohnst. Olk mistletDo 

Pl'Jrogmttes oustrolis (C..V,) Trin. ex Stew!. Commcnfl.eed FACW FACW 
Pltyllonrhus a,n,/in/ensls WIit. Cln>linaluf-- FAC 
Phyltorrthus urinario I. Ch.ilmber·Bitter FAC 
Phl"olls angustfjolio Nutt. Coual fln>Undcher,y 
Physatis put»sau,s I. Husk.rom1to UPL 
Phyrolaa:a omtricano I. Amertcan Pokewted fACU 
Pl/topuml/a 11.l G,.v Cln1dlln Cleuweed FACW f4CW 
P;nus glabra Welt. Spruce Pine fACW FACW 
PinllStoflla L Lobloily Pino FAC 
PiprodtMtium ttt1t.noaum (I.) Parodi Stipa avenacea Bilck·$eed SpearGm, UPl 
Plonerooquatica J.f. Gmtl. Pianertree OBL OBL 
PIOfftO/IOmo)<x L GrutPWltlin FAC 
Plcmmus ocrid<ntaUs L Amerla:n Sycamott FACW FACW 
Pltopt/!Js po/'/Podioidts (I.) And,_ & Wood Polypodlum polypodloldes Ruumctlon fem FAC 
Pluctwocamphoruto (L) DC. P1owrnan1s--Wort FACW FACW 
Po/ygOMllo pa/ygamo (Vlfll.) £ncelm. l A. Gray OCt,,berllowor 
Po/ygonum cesp/tosum 8lum1 var. lonatsetum (Bruijn) A.~. SteWlrd Oritnt1l lldy's thumb 
PolyQ(>('IUffi sa,ndtns I. Olmblnc folse bud<whe1t fAC-
PoJyPOQon monspeliensis 11.)0.sf. Annual Rabbit's.Foot Graq FACW F4CW 
Polypremum procumbens I. Junlper-t..e1f FACU 
/'ollr,dtrfo cordatD I. P\cktrtlweed OBL OIL 
Populusdolmidts hrtr. ex Marsh. E1stem COttonwood FAC 
Papulus hmrophylk> L S"""" Cotmnwood OBL OBL 
Portulot:O Olerotra L ~Hopeed FACU 
Prvt1us atnerimna Mat>II. Amorlan Plum UPL 
Prunus coroliniano A.It. carollna Laurel Cher,y FACU 
Pnm11Jat'Otino !:hm. alack dier,y FAC\J 
Prvnus umMllato !:Hiott Hoe plum 
Psrudognophalium obtui./folium (I.) HIiiiard & a.1. au Gnaphlllum obtu,tfolium Rlbbn•tabae<o 
Prtleo rrlfo/lata I. Common HoptrM FACU 
Pyrrt,opoppUJ C1Jrolinlamn (Walter) DC:. Clrolln1 desert-chicory 



~re/JS hemisphamca a.nr . .. wnld. Dlrfqton'J Oilk 

O,,.ra,,/IJurifol;o Mldu. Llure!O.k 
o ... malyrrm, Wilt. O..rcupO.k 
Qwrcus michawdi Nun, Swamp Chestnut O.k 
Quercwniora L Water Oak 
Q~rcuspooodo ftof. Quen::us filc:atl V1r. p11od Chtrry-,Buk Oik 
Oue-rru:s virgifliana P. MRI. U..Ook 
Rhop;dophy/lum hystrlz (Punh] H. Wrndl. & DMle •• Drudt Needle Palm 
/thus copallinum L Rhusc:opaltina WirigedSumac 
llk:ho,dlo saibro L ROIJlh Mexican d""1!r 
RDsopofumfs Marsh. Swamp Roso 
Rotolo romcuiar (LI !<Dehne Lowf>nd Tootheup 
Ruttus o,gvrus Link Slw-looth Blod<berry 
Rubcu C&J11tifoli11S Purst, Slnd Blackberry 
Rub<Atriviolls Mlchx. SOU!hrm Drwbrr,y 

Rurflio coroliniemis U.F. GmeLJ Stoud. carolina Wild Petunia 
Sobol minor (Jlcq.J Ptll. Dwarf P•lmetto 
Sabol po/m<ttD (Walt.) I.odd. exJ.A. & J.H. Schultes Cabblgr Palmetto 
Sac.charum baldwlnll Spn,n,. Erianthus stric:tus NalTOW Plume Gras1 

Soglttorlo /ut/fa/io W!lld, Dudt•PatltO 
5allr niora Mitsn. &lack Willow 
Somb~"Jgtfl L SimbuaJS canadeniis Blld<Elder 
Samolu:s vo~rontS L Samo/us parvlflorus seuidr 8-•d 
Sonlado amodensiJ L Canadian Blocl<·Snrurt>Ot 
Souafrm otbidum (Nun.) NHS Samfru 
Sourvrus ~muus. L Uz:ud's--TiU 
Sr:oporio dulds L. Ucork::t--Weed 
Scrophuloria morllondico L tarpenter's.Square 
Senno marllondiCD (L.JUok tau.ii martltndic:a M1ryt1nd Wild Sensittve-Plant 
Srnno obtus;Jolio (LI lrwln & a,mebv Cassia obtustfoll1 toffeewted 
Sesbonio puni,ro (Cav,J 8"otll. Pur;,:Ni Rlver•Htmp 
Slcyos ongulaw:s L Ont--Sted Burr.Cucumber 
Sida splnoso L Pridcly f1npetals 
Sitk~Of'l lonuginosum Michl<. Bumerui iinueinosa G~mButty 
5/<k,my/on lycioidrs L Bumer11 lydoides Bud<!hom Bully 
Sldffi,qlon tltatn~ (Cronquist) l.D. PeM. Geors1obul1y 
sn,/Ja,bo,i...,, .. L. Fringed Grernl>rier 

Smilta glauco Walt. Slwbrier 
Smilax h/sp/do Muhl.uTarr. Smitu tJmnoida Chln1root 
Sm/laK rotundifa/1o L Morsebtier 
Smllcrxsmallli Moroni La,net--Le.tfGreenbrier 
smnarwatttrl Purs.h Coral Gft!tnbrier 
.Sofonum corollntn~ L C.rolin1 Horw--Nettle 

Solidogo ol'tis:simo L Tal!Goklenrocl 
Spttfffl0COtt assurpr,u Rull & P1v. Borreril IHYK (Lim.) G~st Woodllnd fist buttoowttd 

Splronthes amua (LJ LC. Rlch. Whit• Noddinc ladti'• T......,, 
SpirtJntha OYOTIS Undl Ociobefl.llflH'•T-
Srophylro trijo{la L AITleriao Bloddemut 
Styllsmo huminrato (Wl lttfl Olapm. SOUthem dawnflower 
St)'rm ameriaJnus Lim. Amttlan Snowben 
Symphyolrir:t>Um luttr!florum (L.) A.& D. Lbvt Aster llterfflorus, Astervtn Farewe~Summer 
Symplocos tinrn,rio (L.J L'~''· Horsesuau 
Taxodium distkhum (L) LC. Rich. Southern Bald..Cypreu 
TMlypitril drntcrto (Fomk.J E.P. St. John Downy maiden fem 
Tl><lypt,ri, hispidula (Dent.) C.F. RHd Thelypterts quadranrularts Rough-hairy maiden h!:m 
Thelypttris kunthii (Desv,J Morton Thrlyp<erts normail1 Kunth's Maiden Fem 
nltand.sio &nMaides (I.) L. Spanlsh•-Moss 
Tox.lt:Dd~ndron rad;a,ns (LI Kuntte Rhus tadians t&s!omPouon-lvy 

Troch<l-rmum diffr>r- (Wllt.JG,ay Clmbi~Dolbont 
T,od,sa,ntio /RJminfflSjs Vtll. Sm1tl•Le1fW1ndering•jp# 
Trirn1itu ~blfeta (L.JSm1K Chinese Tallowtrtt 

Ulmusolm'O Mkm. W11111rd Elm 
UlmllS ome.rlcano L Ame.r1an Elm 
Utmusrubro Muhl. Slippery Elm 
\/t~no brasllitnsis V~/1. Vrll, erulUan Wl'Villn 
verwnorigldo Spreni, Tuberous vervatn 
VerbnJno ofttmf/olio (LJ BrftL tx K••= Wloamm 
v,rbalno oa:ident:olis (LJWatt. Yellow c.rown~11rd 
v,rbaJno virgin/co L. Whl1' Ctownbeard 
v,monio g,Oatm:o (Watt.) Trel. u Bronner & Coville Glont lronwrtd 
VJbumum d~ntatum L SOuthtm Amrw-Wood 
lllbumumobcMmlm WIit. 'Sm1ll-wf Amrw-Wood 
l,la/o offt,,J, le Como Sond\llolet 
lllllsotS!M>lls Mlchx. summer Grape 
\lftlspo/mara V1hl Cltblnl Gr;ipr 

VltJs rotundlfo/Jo Mich>. Muscodlnt 
Vltls vu/p/na L. Fron Grape 
W/strrla frutrscens (L) Polr. Amtric:an Wisteria 
Xanthlum tttumorium L Rouct, Co<klebulT 
'r'f'atnia virid(floro (Neu) Smon Didipten hale] Ye.llow &ractspike 
l1zonloosls milio~ (Mldlx.) Doell & llsch<ll. M1rsh-Mlllet 
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O.rst & UCtrt (200IIJ 

Darst & Ught (2008) 

OBL 

FACN 

OBL 
FA~ 
FACW (Natl WetQnd Inventory) 
FACW 

Found In swamps (O.rst & Ugh~ 2DOIJ 

Found In swamps (Darst & lilh~ 2008) 

FACN 
FACW 

FACW 

FA~ 

FACW 
OBL 



 

 

 

 

 

 

Exhibit 29 

  



( 

' DRAFT 
Enviro mental Impact Statement, 
Update of the Water Control Manual for,cth11 \ 
Apalachicola Chattahoochee-Flint River-a~~ '\ 
Alabama, Flo ida, and Georgia-- . , , -~I ply ' 
Storage Asse sment 
October 2015 \ 

Langdale Dam 
(RM 197) 

North Highlands Dam 
(RM 1625) 

\ 

• La Grange 

f 

\ 

* Ta 

,._ V -

• Macon 

Blackshear Dam 
(RM 134 7) 

Flint River Dam 
04) 

~ 
~ 

Prepared by: 
Tetra Tech 
61 St. Joseph Street 
Suite 550 
Mobile, AL 36602 



Executive Summary 

Water Management Measures Eliminated from Consideration (First Screening) 1 

Water management measures that did not pass the screening criteria or were found to be outside the scope 2 
of the EIS were eliminated from consideration. The following sentences include examples of proposed 3 
measures eliminated from consideration. Because navigation is one of the congressionally authorized 4 
purposes in the ACF Basin, any recommendations to eliminate navigation as a project purpose were not 5 
considered. Management measures that suggest use of flood storage for purposes other than flood storage 6 
were not considered. Recommendations for studies to determine the allocation of water among Alabama, 7 
Florida, and Georgia were also not carried forward for further consideration. USACE did not carry 8 
forward management measures that change minimum releases or minimum flows, ensuring other entities 9 
meet their future federal compliance requirements. USACE recognizes existing minimum flow 10 
requirements in the system but is not authorized to operate its projects to meet requirements for which 11 
others parties are responsible. Setting minimum flow targets to ensure compliance with water quality 12 
standards is the responsibility of states, not USACE. Changes to the existing head at dams in the ACF 13 
Basin could increase the risk to the structural integrity of the projects. Therefore, measures that would 14 
change the existing head limits for projects in the ACF Basin were eliminated from consideration. 15 
Management measures that suggest structural modifications to the ACF project or other USACE projects 16 
do not meet the purpose and need of this EIS. Accordingly, suggestions such as repairing and reversing 17 
channel degradation in the Apalachicola River or halting or limiting the current diversion of fresh water 18 
caused by the Chipola Cutoff were not carried forward for further consideration. Separate authorities that 19 
may be pursued to address some of those issues include Section 216 of the River and Harbor and Flood 20 
Control Act of 1970 (Review of Completed Projects); Section 1135 of the Water Resources Development 21 
Act (WRDA) 1986, as amended (Project Modifications for Improvement of the Environment); and 22 
Section 206 of WRDA 1996, as amended (Small Aquatic Ecosystem Restoration Projects). The latter two 23 
authorities have specific limits on federal funds that can be expended on each project ($10 million). 24 

Water Management Measures Considered for Further Evaluation 25 

Potential management measures that passed the screening criteria were considered in the formulation of 26 
alternatives. The following provides a general description of the measures considered, each of which was 27 
considered individually and refined iteratively. 28 

Revised Guide Curves and Action Zones 29 

USACE considered redefining guide curves and action zones at federal projects in the ACF Basin. A 30 
guide curve is the seasonally variable desired pool elevation in a reservoir, and is normally defined as the 31 
elevation at the top of the conservation storage. Action zones are partitions of a reservoir’s conservation 32 
storage, as defined in the reservoir water control plan, to guide reservoir managers in meeting project 33 
purposes under a wide variety of hydrologic conditions. In the 1989 draft ACF WCM, four action zones 34 
were first defined for Lake Lanier, West Point Lake, and Walter F. George Lake storage projects in the 35 
ACF Basin. The action zones were originally developed by USACE based on past experience in water 36 
management, considering the time of year, the relationship of historic pool levels and water releases, 37 
operational limits for conservation storage, and recreational impact levels. Each of the four action zones 38 
has a set of specific operational rules or guidelines that govern water management operations for the 39 
reservoir when the pool elevation lies within that zone. The following specific guide curve/action zone 40 
measures were considered: maintain existing guide curves; modify guide curves at West Point Lake and 41 
Walter F. George Lake; modify action zones at Lake Lanier, West Point Lake and Walter F. George Lake. 42 

Drought Operations 43 

Under current drought operations, a minimum release from Jim Woodruff Dam is specified and the other 44 
minimum release and maximum fall rate provisions of the May 2012 RIOP are temporarily suspended 45 
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Executive Summary 

until composite conservation storage within the basin is replenished to a level that can support them. 1 
“Composite conservation storage” equals the cumulative daily conservation storage values by action zone 2 
for the ACF Basin reservoirs (Lanier, West Point, and Walter F. George). Composite conservation storage 3 
and the associated zones are discussed in more detail in sections 2 and 4 of the EIS. The minimum 4 
discharge is determined in relation to composite conservation storage and not average basin inflow. The 5 
drought plan is triggered when composite conservation storage falls below the bottom of zone 3 into zone 6 
4. At that time, all the composite conservation storage zone 1-3 provisions are suspended and 7 
management decisions are based on the provisions of the drought plan. While composite conservation 8 
storage is in zone 4, the minimum release from Jim Woodruff Lock and Dam is 5,000 cfs any basin 9 
inflow above 5,000 cfs may be stored. Below composite storage zone 4 is the drought zone (roughly 10 
equivalent to the inactive storage in Lake Lanier, West Point Lake, and Walter F. George Lake plus zone 11 
4 storage in Lake Lanier). When composite conservation storage falls into the drought zone, the minimum 12 
release from Jim Woodruff Dam is 4,500 cfs and any basin inflow above 4,500 cfs may be stored. When 13 
transitioning from a minimum release of 5,000 to 4,500 cfs, maximum fall rates are limited to 0.25 ft/day. 14 
The 4,500 cfs minimum release is maintained until composite conservation storage returns to a level 15 
above the top of the drought zone, at which time the 5,000 cfs minimum release is reinstated. Per the May 16 
2012 RIOP, the drought plan provisions remain in place until the composite conservation storage reaches 17 
a level above the top of zone 2 (i.e., within zone 1). At that time, the drought plan provisions are 18 
suspended and all other provisions for normal operations are reinstated. 19 

Revised drought operations would incorporate two potential revisions into the drought plan. Under 20 
revised operations, the drought plan would be triggered when composite conservation storage falls below 21 
the bottom of Zone 2 into Zone 3. The drought plan provisions would remain in place until composite 22 
conservation storage reaches a level above the top of Zone 2 (i.e., within Zone 1). If recovery conditions 23 
are not achieved in February, drought plan provisions will not be suspended until April, provided 24 
composite conservation storage remains above Zone 4. 25 

Minimum Flows at Peachtree Creek 26 

Three measures have been considered regarding minimum flows at Peachtree Creek: current operations 27 
(maintain continuous net minimum flow of 750 cfs for water quality purposes); revised minimum flow 28 
(reduce continuous minimum flow to 650 cfs from November through April); monthly varying flow 29 
(specify a variable minimum flow for each month depending on the reservoir composite storage zone). 30 

Hydropower 31 

Four specific measures were considered for operations of hydroelectric power generation: current 32 
schedule at Buford Dam, West Point Dam, and Walter F. George Lock and Dam; modified schedule at 33 
Buford Dam, West Point Dam, and Walter F. George Lock and Dam (variable schedule in zone 1); 34 
reduced hydroelectric power under drought operations; and modified schedule with reduced hydroelectric 35 
power under drought operations. 36 

Navigation 37 

The lack of dredging and routine maintenance has led to inadequate depths in the Apalachicola River 38 
navigation channel, and commercial navigation is possible only seasonally when flows in the river are 39 
naturally high, with flow support for navigation suspended during drier times of the year. Specific 40 
navigation operations occur on a case-by-case basis, with limited releases for navigation being made for 41 
special shipments when a determination can be made that other project purposes will not be significantly 42 
affected and any fluctuations in reservoir levels or river stages will be minimal. Measures considered by 43 
USACE for navigation included: continuing the current operations in support of navigation; periodic 44 
navigation based upon the number of opportunities during the year when sufficient flows would be available 45 
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GADNR operates a fish hatchery on the Chattahoochee River immediately below Buford Dam. USACE 1 
coordinates project operations with the fish hatchery staff. For more information, see section 2.5.5.2. 2 

Endangered Species Conservation Downstream of Jim Woodruff Lock and Dam. Historically, no 3 
minimum flow release rate for fish and wildlife purposes was established for the Apalachicola River 4 
downstream of Jim Woodruff Lock and Dam. Reservoir releases (varying seasonally) produced from 5 
normal operations for hydroelectric power generation and navigation typically provided conditions in the 6 
river suitable for fish and wildlife purposes. 7 

On March 7, 2006, USACE, Mobile District initiated formal consultation with USFWS, pursuant to 8 
section 7 of the ESA, regarding the effects of existing operations at Jim Woodruff Lock and Dam and 9 
releases to the Apalachicola River on federally listed threatened and endangered species and federally 10 
designated critical habitat. Specific species/critical habitat affected include the threatened Gulf sturgeon 11 
(Acipenser oxyrinchus desotoi) and critical habitat for the Gulf sturgeon; and the endangered fat 12 
threeridge mussel (Amblema neislerii), the threatened purple bankclimber mussel (Elliptoideus 13 
sloatianus), the threatened Chipola slabshell mussel (Eliptio chipolaensis), and the critical habitat 14 
associated with these mussel species. The Interim Operation Plan (IOP) that resulted from the section 7 15 
consultation process was implemented in October 2006. Minimum flow provisions for Jim Woodruff 16 
Lock and Dam were part of the overall plan established in the IOP to avoid and minimize impacts on the 17 
listed species. 18 

On the basis of further consultation between USACE and USFWS and increasingly severe drought 19 
conditions in 2007 and 2008, the IOP was modified twice. The revised IOP (RIOP) was implemented in 20 
June 2008. The principal water management objective under the IOP (and subsequent modifications) has 21 
been to minimize adverse effects to federally listed threatened and endangered species and adverse 22 
modification of designated critical habitat in the Apalachicola River. The objective makes allowances for 23 
increased storage opportunities and/or reductions in demand for storage to provide continued support to 24 
project purposes, minimize impacts to other water users, and provide greater assurance of future sustained 25 
flows for federally listed species and other users during a severe multiyear drought. 26 

USACE continued to coordinate with USFWS through 2009 and into 2010 regarding the implementation 27 
of the Reasonable and Prudent Measures (RPM), and formal consultation under ESA section 7 was 28 
reinitiated between USACE and USFWS in September 2010 to address new information relative to 29 
endangered mussel species. That formal consultation was completed in May 2012 when USFWS issued a 30 
new Biological Opinion for the RIOP for Jim Woodruff Lock and Dam, requiring some minor operational 31 
adjustments to the 2008 RIOP. The following summary of the RIOP is based on the description provided 32 
in the May 2012 USACE environmental assessment for the updated RIOP (USACE 2012). 33 

The May 2012 RIOP is governed by two basic parameters applicable to daily releases from Jim Woodruff 34 
Lock and Dam: 1) a minimum discharge in relation to average basin inflows (measured as daily average 35 
in cfs) and 2) a maximum fall rate (vertical drop in river stage [ft/day]). The RIOP places limitations on 36 
refill of upstream reservoirs, but it does not require a net drawdown of composite conservation storage 37 
(discussed in more detail below) unless basin inflow is less than 5,000 cfs. 38 

• Minimum discharge. The RIOP varies minimum discharges from Jim Woodruff Lock and Dam 39 
by basin inflow and by month, and the releases are measured as a daily average flow in cfs at the 40 
Chattahoochee gage. Table 2.1-5 shows minimum releases from Jim Woodruff Lock and Dam 41 
prescribed by the RIOP and shows when and how much basin inflow is available for increasing 42 
reservoir storage. Except when basin inflow is less than 5,000 cfs, the minimum releases are not 43 
required to exceed basin inflow. The RIOP defines additional basin inflow threshold levels that 44 
vary by three seasons: spawning season (March–May), nonspawning season (June–November), 45 
and winter (December–February). The RIOP incorporates composite conservation storage 46 
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thresholds that factor into minimum release decisions. Composite conservation storage is 1 
calculated by combining the conservation storage of Lake Lanier, West Point Lake, and Walter F. 2 
George Lake. Conservation storage in each of the individual reservoirs consists of four zones, 3 
which are determined by the operational guide curve for each project. The composite 4 
conservation storage also uses the 4-zone concept (i.e., Zone 1 of the composite conservation 5 
storage represents the combined storage available in Zone 1 for each of the three storage 6 
reservoirs). Figure 2.1-40 illustrates the ac-ft of storage available for composite Zones 1 through 7 
4 throughout the year. 8 

Table 2.1-5. 9 
May 2012 RIOP for Jim Woodruff Lock and Dam, Apalachicola River Minimum Discharge from 10 

Woodruff Lock and Dam by Month and by Basin Inflow (BI) Rates 11 

Months 

Composite 
conservation 
storage zone 

Basin inflow (BI) 
(cfs) 

Releases from Jim 
Woodruff Lock and Dam 

(cfs) 
BI available for 

storagea 
March–May Zones 1 

and 2 
≥ 34,000 ≥ 25,000 Up to 100% BI>25,000 

≥ 16,000 and < 34,000 ≥ 16,000+50% BI > 16,000 Up to 50% BI>16,000 
  ≥ 5,000 and < 16,000 ≥ BI  
  < 5,000 ≥ 5,000  
 Zone 3 ≥ 39,000 ≥ 25,000 Up to 100% BI>25,000 
  ≥ 11,000 and < 39,000 ≥ 11,000+50% BI > 11,000 Up to 50% BI>11,000 
  ≥ 5,000 and < 11,000 ≥ BI  
  < 5,000 ≥ 5,000  
June–
November 

Zones 1, 2, 
and 3 

≥ 22,000 ≥ 16,000 Up to 100% BI>16,000 
≥ 10,000 and < 22,000 ≥ 10,000+50% BI > 10,000 Up to 50% BI>10,000 

  ≥ 5,000 and < 10,000 ≥ BI  
  < 5,000 ≥ 5,000  
December–
February 

Zones 1, 2, 
and 3 

≥ 5,000 ≥ 5,000 (Store all BI> 5,000) Up to 100% BI > 5,000 
< 5,000 ≥ 5,000  

At all times Zone 4 NA ≥ 5,000 Up to 100% BI > 5,000 
At all times Drought Zone NA ≥ 4,500b Up to 100% BI > 4,500 

Sources: USACE, Mobile District 2012; USFWS 2012 12 
Notes: 13 
a. Consistent with safety requirements, flood risk management purposes, and equipment capabilities. 14 
b. Once composite conservation storage falls below top of Drought Zone, ramp-down to 4,500 cfs will occur at a rate of 0.25 ft/day. 15 

The RIOP operations and thresholds from March through May are intended to support Gulf 16 
sturgeon spawning activities. The 16,000 cfs minimum release is also based on evaluation of 17 
spawning and rearing needs for the host fish necessary for mussel reproduction. The RIOP 18 
operations from June through February are intended to support the federally protected mussels, 19 
host fish for mussels, and young sturgeon. 20 

During spawning season (March–May), two sets of four basin-inflow thresholds and 21 
corresponding releases exist according to the composite conservation storage (Table 2.1-5). In 22 
accordance with RPM 2008-4 of the 2008 RIOP BO (USFWS 2008a), the spawning season also 23 
includes a special fall rate provision in order to avoid take of larval Gulf sturgeon. When the 24 
composite conservation storage is in Zones 1 and 2, a less conservative operation is in place. 25 
When the composite conservation storage is in Zone 3, a more conservative operation is in place 26 
while still avoiding or minimizing impacts on federally listed species and designated critical 27 
habitat in the river. When the composite conservation storage falls below the bottom of Zone 3 28 
into Zone 4, the drought contingency operations are triggered, representing the most conservative 29 
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operational plan. The spawning season fall rate provision is in place under normal and drought 1 
operations. Drought contingency operations are summarized below. 2 

 3 
Figure 2.1-40. Basin Composite Conservation Storage and Associated Action Zones (in ac-ft) 4 

During spawning season, the composite conservation storage is monitored daily to determine 5 
water management operations. Recently experienced climatic and hydrologic conditions and 6 
meteorological forecasts are used in addition to composite conservation storage values when 7 
determining the appropriate basin inflow thresholds in support of water management operations. 8 

During nonspawning season (June – November), one set of four basin inflow thresholds and 9 
corresponding releases exists according to composite conservation storage in Zones 1 through 3. 10 
When composite conservation storage falls below the bottom of Zone 3 into Zone 4, the drought 11 
contingency operations are triggered. 12 

During the winter season (December – February), there is only one basin inflow threshold and 13 
corresponding minimum release (5,000 cfs) while in composite conservation storage Zones 1 14 
through 3. There are no basin inflow storage restrictions as long as this minimum flow is met 15 
under these conditions. When composite conservation storage falls below the bottom of Zone 3 16 
into Zone 4, drought contingency operations are triggered. 17 

The flow rates included in Table 2.1-5 prescribe minimum, not target, releases for Jim Woodruff 18 
Lock and Dam. During a given month and basin inflow rate, releases greater than the minimum 19 
releases in Table 2.1-5 may occur consistent with the maximum fall rate schedule, described 20 
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below, or as needed to achieve other project purposes, such as hydroelectric power generation or 1 
flood risk management. 2 

• Maximum Fall Rate. The fall rate, also called the down-ramping rate, is the vertical drop in river 3 
stage (water surface elevation) that occurs over a given period. Fall rates are expressed in units of 4 
feet per day (ft/day), and they are measured at the Chattahoochee gage as the difference between 5 
the daily average river stage of consecutive calendar days. Rise rates are not addressed. Table 6 
2.1-6 lists the maximum fall rates. The maximum fall rate schedule is suspended when composite 7 
conservation storage is in Zone 4 and drought contingency operations are implemented. Unless 8 
otherwise noted, fall rates under the drought contingency operation would be managed to match 9 
the fall rate of the one-day basin inflow. Matching the one-day basin inflow fall rate during 10 
drought operations facilitates quicker recovery and a faster return to normal operations. 11 

Managing fall rates to conform to Table 2.1-6 values is a challenging undertaking at Jim 12 
Woodruff Lock and Dam when flow rates exceed the release capacity of the powerhouse (about 13 
16,000 cfs). Releases greater than 16,000 cfs require the use of the spillway gates in addition to 14 
the powerhouse and require an operator to open or close the gates using a rail-mounted crane on 15 
the crest of the dam. The water discharge openings of the gates are not fully adjustable, and 16 
inclement weather, floating debris, and other factors may complicate the procedure of opening 17 
and closing the gates. Fall rates are more manageable when releases are less than 16,000 cfs and 18 
controlled by the powerhouse, but this control is not a precise operation. For these reasons, a 19 
lower and upper maximum fall rate is provided in Table 2.1-6 for each specific release range. 20 
When conditions allow, fall rates will generally conform to the more gradual (lower) rate in each 21 
range, consistent with safety requirements, flood risk management purposes, and equipment 22 
capabilities. 23 

Table 2.1-6. 24 
RIOP for Jim Woodruff Lock and Dam: Apalachicola River Maximum Fall Rate for Discharge from 25 

the Lock and Dam by Release Range for Composite Conservation Storage Zones 1, 2, and 3 a,b 26 

Approximate release range 
(cfs) 

Maximum fall rate 
(ft/day) 

> 30,000 a Fall rate is not limited c,d 

> 20,000 and ≤ 30,000 b 1.0 to 2.0 d 

Exceeds Powerhouse Capacity (~ 16,000) and ≤ 20,000 b 0.5 to 1.0 d 
Within Powerhouse Capacity and > 10,000 b 0.25 to 0.5 

Within Powerhouse Capacity and ≤ 10,000 b 0.25 or less 
Sources: USACE, Mobile District 2012; USFWS 2012 27 
Notes:  28 
a. Consistent with safety requirements, flood risk management purposes, and equipment capabilities. 29 
b. The maximum fall rate schedule is suspended in composite Zone 4. 30 
c. For flows greater than 30,000 cfs, it is not reasonable and prudent to attempt to control the down-ramping rate, and no ramping 31 
rate is required. 32 
d. Maximum fall rates must be less than 8 ft in a consecutive 14-day period when flows are less than 40,000 cfs in March, April, and 33 
May in order to avoid take of Gulf sturgeon eggs and larvae. 34 

• Drought Contingency Provisions in the RIOP. The RIOP includes a drought contingency 35 
operation (referred to as a drought plan). The drought plan specifies a minimum release from Jim 36 
Woodruff Lock and Dam and temporarily suspends other minimum release and maximum fall 37 
rate provisions until composite conservation storage in the basin is replenished to a level that can 38 
support them. Under the drought plan, minimum discharge is determined in relation to the 39 
composite conservation storage and not average basin inflow. The drought plan is triggered when 40 
composite conservation storage falls below the bottom of Zone 3 into Zone 4. At that time, all the 41 
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2.5.3.1.1 Large River Habitat 1 

The Apalachicola River flows freely from Jim Woodruff Lock and Dam and represents the only 2 
unimpounded large-river habitat remaining in the ACF Basin. This habitat is not pristine, however, 3 
because streamflow is regulated by upstream impoundments and dredging through the 1990s. The 4 
USFWS compared preimpoundment and postimpoundment hydrologic regimes in the Apalachicola River 5 
using the Range of Variability Approach (RVA) (Richter et al. 1997) to characterize existing altered flow 6 
conditions. The assessment showed significant postimpoundment hydrologic alterations, including 7 
increased February mean flow, decreased July mean flow, decreased duration of high flow pulses, and 8 
alterations in the rate and frequency of change in water conditions (Richter et al. 1997). 9 

The main channel of the Apalachicola River and its tributaries provide important habitat for fish and 10 
mussels. Ninety-five species of fish are known to occur, including the anadromous Gulf sturgeon, striped 11 
bass (Morone saxatilis), and Alabama shad (Alosa alabamae) (Appendix H, Table H-5; USGS 1996). 12 
Critical habitat has been federally designated recently for Gulf sturgeon (USFWS 2003a) and four mussel 13 
species: fat threeridge, Chipola slabshell (Elliptio chipolaensis), Gulf moccasinshell (Medionidus 14 
penicillatus), and shiny-rayed pocketbook (Hamiota subangulata) (USFWS 2007a). Ongoing studies by 15 
the USFWS in the Apalachicola River suggest that previous estimates likely underestimated the 16 
population of fat threeridge in the middle river reaches (Zettle 2014, personal communication). 17 

Integral habitat features of the Apalachicola River extend beyond the main channel to include tributaries, 18 
backwaters (oxbow lakes, sloughs), and the floodplain (Light et al. 1995; Sparks 1995). At least 19 
80 percent of the fish species found in the main channel also occupy floodplain habitats, especially for 20 
spawning and foraging from April through July (Light et al. 1995; USFWS 1998). Striped bass are 21 
reported to use at least 12 tributary streams in the upper reach of the river as cool-water thermal refugia 22 
from May through November (Light et al. 1998; USFWS 1998). At least 45 species are known to use the 23 
Apalachicola River floodplain for spawning and nursery habitats based on larval trap collections from 24 
2002 to 2007. Fish community research at the Apalachicola River indicates that floodplain connection 25 
and inundation are important for fish communities in this river system (Dutterer et al. 2012). 26 

Entrenchment of the Apalachicola River channel, which occurred after construction of Jim Woodruff 27 
Lock and Dam up until about 1981, has lowered river stages and decreased the accessibility of tributary 28 
streams to fishes in the main channel (Light et al. 1998). As measured at the Chattahoochee gage, a flow 29 
of about 11,000 cfs is required to provide sufficient depths at tributary mouths for fish to move between 30 
the tributaries and main channel, compared to a flow of about 5,500 cfs before impoundment (Light et al. 31 
1998). Under present conditions, the extent of connected aquatic floodplain habitat increases substantially 32 
with flows exceeding 29,000 cfs. 33 

2.5.3.1.2 Subsystems with Unregulated Flow 34 

A second group of river segments have unregulated flow and maintain significant portions of native 35 
species assemblages. These systems and subsystems mostly occur in the upper-most portions of the 36 
drainages, and, in some cases, represent refugia for species eliminated from downstream segments by 37 
impoundments. The upper and middle Flint River system and the uppermost Chattahoochee River system, 38 
along with some tributary systems to the Flint and Chattahoochee rivers, are known to support significant 39 
remnants of the native riverine faunal communities (Yerger 1977; Barkuloo et al. 1987; Dahlberg and 40 
Scott 1971; Gilbert 1969). Unimpeded flow from the Piedmont to the Coastal Plain ecoregion contributes 41 
significantly to natural resource value in the Flint River system because river continuity between the 42 
distinct habitats above and below the Fall Line facilitates the natural flow of water, energy, and nutrients 43 
to downstream habitats and allows the potential exchange of individuals among populations experiencing 44 
different habitat regimes. Connectivity to tributary streams is valuable for the same reasons. In all cases, 45 
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EXECUTIVE SUMMARY 
 

The action evaluated in this consultation is the Corps’ Revised Interim Operating Plan (RIOP) 
for Jim Woodruff Dam, which describes releases from the dam to the Apalachicola River.  
Consultation on the RIOP was completed in 2008 and reinitiated in 2010, because of new 
information on the distribution and mortality of fat threeridge mussels.  Substantial numbers of 
fat threeridge mussels recolonized habitats at elevations above the minimum 5,000 cfs flow, and 
many were subsequently exposed and killed when flows declined in September 2010.  The Corps 
determined that the proposed RIOP may adversely affect the fat threeridge, purple bankclimber, 
and Chipola slabshell, and may affect but would not likely adversely affect (NLAA) the Gulf 
sturgeon or designated Gulf sturgeon or mussel critical habitat.  The Service concurred with the 
Corps’ determination of NLAA for the Gulf sturgeon and its designated critical habitat.  Mussel 
effects were addressed in this biological opinion (BO). 

The current version of the RIOP is very similar to the 2008 RIOP.  It does not address 
operational specifics at the four federal reservoirs upstream of Woodruff.  The RIOP addresses 
two specific parameters of the daily releases from Woodruff Dam into the Apalachicola River:  a 
minimum discharge in relation to average basin inflows (i.e., the actual amount of water flowing 
into all of the Corps projects during a given time period) and maximum fall rate (vertical drop in 
river stage per day).  These two parameters vary by basin inflow, composite conservation storage 
level and by month.  Except when basin inflow is less than 5,000 cfs and during some down-
ramping periods, the minimum releases are not required to exceed basin inflow.  The Corps 
proposed five modifications to the 2008 RIOP to minimize impacts to listed species: 1) 
volumetric balancing is eliminated; 2) minimum flow releases will match basin inflow between 
5,000 and 10,000 cubic feet per second (cfs) from June through November (except during 
drought contingency operations); 3) drought contingency operations are not suspended until 
composite conservation storage has recovered above Zone 2 into Zone 1; 4) when releases are 
less than 10,000 cfs, the maximum fall rate is limited to 0.25 ft/day; and 5) river stage declines of 
8 feet or more will not occur in less than 14 days when river flows are less than 40,000 cfs 
during the spawning season (March-May) under both normal and drought operations.   

The current status of the three mussel species and their critical habitat is discussed in detail in the 
BO.  Notable mortality of the purple bankclimber and fat threeridge has occurred during recent 
droughts in 2006-2008 and 2010-2012, but no Chipola slabshell mortality has been observed.  
The Chipola slabshell population is stable but generally occurs in relatively low abundance.  The 
purple bankclimber is rare and occurs at low abundance in the Apalachicola River (with the 
exception of one location), and it appears to be experiencing poor recruitment.  The fat 
threeridge population appears stable and may be increasing in size.  They are abundant in the 
middle reach of the Apalachicola River and the lower Chipola River, the population is relatively 
large, and there is evidence of recruitment.   

Fat threeridge are likely moving in response to changing water levels to maintain an optimal 
depth or associated habitat parameter.  At the time of the 2008 BO there were no listed mussels 
at river stages greater than 5,000 cfs due to the drought of 2006-2008.  Although we noted that 
take may occur when individuals occupy stages greater than 5,000 cfs, we did not anticipate take 
under this scenario because it was considered an anomaly related to very high flows in 2005.  
However, based on recent data, it appears that fat threeridge readily recolonize higher bank 
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elevations at flows greater than 5,000 cfs, where they could be at risk of stranding and mortality 
when flows decline.  Mortality during these events was highest in the middle reach of the 
Apalachicola River where the main channel populations are the most abundant and slopes are 
shallow.  Some mortality occurred in the Chipola River, but it appears to be limited.  Mortality 
estimates from all of these events range from <1% to 2% depending on preceding hydrologic 
conditions, fall rates, habitat condition, and the size of the population in Swift Slough and 
unsurveyed deep-water habitats.   

Relative to the Baseline period (1975-2008), the proposed RIOP provides both beneficial and 
adverse effects to the species and designated critical habitats we have assessed.  Many of these 
effects derive from relatively minor differences between the RIOP and Baseline; however, we 
attribute these differences to changes in reservoir operations and not consumptive water use.  
Generally, it appears that the Corps would store water more often and augment flows less often 
under the RIOP than has occurred historically.  The RIOP uses some of this stored water to 
augment basin inflow in order to maintain a minimum flow of 5,000 cfs, but the frequency and 
duration of flows less than 10,000 cfs is increased. 

Lower flows for longer durations will negatively impact all three mussel species.  We expect 
impacts to Chipola slabshell to be minimal because it occurs almost entirely within the Chipola 
River where movement is facilitated by higher bank slopes and the species’ probable tendency to 
move.  Impacts to the purple bankclimber will also likely be minimized because this species 
appears to occur more often in deeper portions of the stream channel, which is likely why we 
have observed limited mortality during recent low flows.  The results of the fat threeridge 
population viability analysis (PVA) indicate that the population can sustain reductions of 1-2% 
(estimated have occurred during recent droughts) if flows are reduced to 5,000 cfs and 4,500 cfs 
with currently projected probabilities.  However, the PVA also indicates that increasing the 
frequency of such events results in a greater impact to population viability.  The RIOP may 
affect three of the five primary constituent elements (PCEs) of mussel critical habitat: 1) 
permanently flowing water; 2) water quality; and 3) fish hosts.  It does not appear to reduce the 
amount of important floodplain habitat available to fish hosts.  Droughts substantially change the 
nature of all of these PCEs, but the RIOP would not appreciably change the quantity or quality of 
the PCEs to the extent that it would appreciably diminish the habitat’s capability to provide the 
intended conservation role.   Therefore, it is the Service's biological opinion that the proposed 
action: 1) will not jeopardize the continued existence of the fat threeridge, purple bankclimber, 
and Chipola slabshell; and 2) will not destroy or adversely modify designated critical habitat for 
the fat threeridge, purple bankclimber, and Chipola slabshell.   

The Incidental Take Statement issued exempts the Corps from “take” under the Endangered 
Species Act.  During each of these events (flow reduction to 4,500 cfs, and exposure at stages > 
5,000 cfs following recolonization), a maximum the following may be exposed:  30 purple 
bankclimbers (60 total); three Chipola slabshell (six total); and 9,150 fat threeridge (18,300 
total).  Three mandatory reasonable and prudent measures are also included:  1) adaptive 
management; 2) maintenance of the Chattahoochee gage; and 3) monitoring. 

This BO is effective for five years (May 22, 2017). No further consultation is needed unless the 
Corps operates Woodruff Dam in a way that is different from the RIOP, new information 
indicates that the RIOP may affect listed species to an extent not considered in the BO, or if 
more mussels or Gulf sturgeon are “taken” under the Corps’ operations than anticipated.
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From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hoehn, Ted <ted.hoehn@MyFWC.com> 
Thursday, May 02, 2013 12:47 PM 
Dan Tonsmeire; charlie.mesing@myfwc.com; Hill, Michael; Graham Lewis 
Matt Kondolf 
RE: Apalachicola River Restoration field trip 
Restoration Plan -Graham-long.doc 

Going back through my electronic files, here are some th ings that we had already developed. This would need to be 
updated since we know a few more things about how some of the slough ' s hydrology function (example Kennedy 
Creek). Before we go out, l suggest that we have some plan of " hat we want to look at. While I do not have a problem 
with getting out on the river, 1t should be productive and have a set purpose. 

Ted Hoehn 
Florida Fish and Wildlife Conservation Commission 
Division of Habitat and Species Conservation 
620 S. Meridian Street, MS 585 
Tallahassee, FL 32399-1600 
(850) 488-8792; Cell 850-519-3106 
Fax (850) 922-5679 
"Many men go fishing all their lives without knowing that it is not the fi sh they are after."- Henry David Thoreau 

From: Dan Tonsmeire [mailto:dan@apalachicolariverkeeper.org1 
Sent: Thursday, May 02, 2013 11:20 AM 
To: Hoehn, Ted; charlie.mesing@myfwc.com; Hill, Michael; Graham Lewis 
Cc: 'Matt Kondolf' 
Subject: Apalachicola River Restoration field trip 

Ted, Rick, Charlie, Michael and Graham: Everyone except Graham can make a trip on the Apalachicola for Friday May 
17th

• Please plan on that trip to begin at 10 AM Eastern Time and get off the river no later than 2:00 PM. I can carry 
everyone in my boat if that is OK with you. 

My suggestion is for us to put in at Wewahitchka and run up and down the river from there, but certainly willing to put 
in somewhere else that you think is more important to look at. Please make a suggestion if you have one. 

Matt Knodolf wi ll not be able to participate due to prior commitments, but we can try to catch up w ith him before and 
after the tri p by teleconference. 

Please reply with a confirmation of your participation, suggestions for a put in other than Wewa, and any sites you 
would like to visit. 
Thanks, 

Dan 

Dan Tonsmeire 
Apalachicola RiverKeeper 
Box 8 
232B Water Street 
Apalachicola, Florida 32320 

Office: (850) 653-8936 
Cell : (850) 508-7787 

EXHIBIT 
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Draft Restoration Program for the Apalachicola River System 

Natural History 

The Apalachicola River basin forms the lower part of the larger Apalachicola­
Chattahoochee-Flint (ACF) River system. The ACF basin covers the north-central and 
southwestern part of Georgia, the southeastern part of Alabama, and the central part of 
the Florida panhandle. The basin drains an area covering approximately 19,600 square 
miles. The Chattahoochee River flows 436 miles from its source in the Blue Ridge 
Mountains of northern Georgia, drains a land area of 8,650 square miles, and has 13 dams 
located on the river. The Flint River flows 350 miles from its source south of Atlanta, 
drains a land area of8,494 square miles, and contains 2 dams. The Apalachicola River is 
formed by the confluence of the Chattahoochee and Flint Rivers below the Jim Woodruff 
Dam, flows 107 miles to Apalachicola Bay, and drains a land area of approximately 
2,400 square miles. 

The Apalachicola River is the largest in Florida and ranks 21st in the United 
States in terms of flow. The importance of the Apalachicola River to the productivity of 
the bay cannot be overemphasized. It also accounts for 35 percent of fresh water flow on 
the western coast of Florida. This freshwater plume, containing seasonally high nutrient 
and chlorophyll concentrations, has been observed extending up to 250 km into the Gulf 
of Mexico and may play an important role in the productivity of the northeast Gulf .. 

The floodplain of the Apalachicola River is the largest in Florida and one of the 
larger floodplains on the Gulf Coast. Floodplains in the southeastern United States are in 
many instances the last refuge for rare and endangered flora and fauna. Fifteen listed 
plant species occur within the 100-year floodplain alone, including 6 species at lower 
elevations in the 1 to IO year floodplain. The floodplain forest has also been cited as 
being one of the most important wildlife habitats in northwest Florida. Four species of 
amphibians and reptiles, four species of mammals, and eleven species of birds have been 
listed as Threatened, Endangered, or Species of Special Concern from the Apalachicola 
River floodplain . The largest stand of tupelo trees in the world is found in the lower 
Apalachicola River floodplain . 

More than 1,300 plant species have been identified within the Apalachicola 
drainage basin with 103 of them listed as threatened or endangered. The Apalachicola 
River drainage basin contains approximately 46 species of amphibians and 83 species of 
reptiles. This is the highest species density of these amphibians and reptiles on the 
continent north of Mexico. More than 50 species of mammals, including the threatened 
Florida black bear, the endangered West Indian manatee, the Indiana bat, and the gray bat 
are found in the Apalachicola Basin. 

The Apalachicola River and Bay and surrounding drainage basin are among the 
most important bird habitats in the southeastern United States. This area lies on the 
eastern fringe of the Mississippi Flyway, thus receiving large numbers of birds from both 
the Midwest and Atlantic seaboard during migratory periods. The list totals more than 
300 species with 22 designated as Endangered, Threatened or Species of Special Concern 
by the Florida Fish and Wildlife Conservation Commission. 

The ACF basin is home to one of the largest number offish species among Gulf 
Coast drainages, east of the Mississippi River, and the largest assemblage of fresh water 
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fish in Florida. Over 180 species of fish have been documented from the river and bay 
system. These include fresh water, estuarine, and salt water species which uti lize the 
estuary during part or a ll of their life cycle. The Apalachicola River basin also has the 
largest number of species of freshwater gastropods and bivalves, the most molluscan 
endemic species, and greatest proportion of endemics to total molluscan fauna among 
western Florida drainages. The high biological diversity and productivity of the system 
has resulted in designations as a United Nations International Biosphere Reserve, 
National Estuarine Research Reserve, Outstanding Florida Water, and Florida Aquatic 
Preserve. 

Navigation Channel 

The ACF Waterway is a federally authorized navigation project, whose basic 
authority is the 1945 River and Harbor Act. The overall project consists of a navigation 
channel, three locks, 5 federal dams and their associated reservoirs. The primary focus of 
the project in Florida is the 9- by LOO- foot navigation channel whose dimensions are to 
be provided by "dredging, cutoffs, training dikes, or other open-river methods; a series of 
locks and dams; and flow regulation from upstream reservoirs." The dams and reservoirs 
on the upstream rivers were built from the l 950' s to the mid l 970' s while the 
Apalachicola River segment of the navigation channel was first dredged in 1958. 
Training works, cutoffs, and rock removal have been accomplished on numerous 
occasions since the I 950' s. The navigation channel in Florida covers the 106.3 miles of 
the Apalachicola River from its inception below the Jim Woodruff Dam to the river' s 
terminus in Apalachicola Bay. 

Federal navigation channels typically have a goal of providing channel 
dimensions at least 95% of the time. The Apalachicola Waterway has never been able Lo 
attain this goal over the long-term and due to drought during the last 4 years has been 
unavailable almost I 00% of the time. The primary reason for non-attainment over the 
years has been the amount of water available in the basin. When the project was 
authorized it was thought that the channel could be provided at a flow of 9,300 cfs and 
that this flow would be available 95% of the time. Since then it has been found that, even 
w ith all of the structural modifi cations made to the river, over 15,000 cfs is needed to 
provide the authorized channel and the flow avai lable 95% of the time is only about 
7,000 cfs. In 1986, studies conducted by the US Army Corps of Engineers, determined 
that even with dredging and numerous proposed modifications to the river the channel 
would be available less than the 95% goal. A Government Accounting Office (GAO) 
study recently estimated that the Apalachicola Navigation Channel was the most 
expensive navigation channel in the country, based on a cost per ton-mi le. [n recent 
years the cost effectiveness of the channel, decreased traffic, and significant 
environmental damage to the river system have made the channel undesirable to the State 
of Florida. In 2002 the Governor and Cabinet went on record calling for the cessation 
of dredging on the Apalachico la Ri ver. 
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Impacts from the Navigation Project on the Apalachicola River System 

The construction of the darns, in particular the Jim Woodruff Lock and Darn at 
the confluence of the Chattahoochee and Flint Rivers in 1955, caused the upper third of 
the Apalachicola River to entrench. This streambed entrenchment (degradation) caused 
the exposure of rock outcrops, the reduction of access to cold-water refuges, the loss of 
co1mections to important backwater habitats, the loss of riverine habitat, and the 
movement of tremendous quantities of sand The dam also resulted in reduced access to 
historicall y important upstream spawning habitat as well as upstream sources of sand for 
the Apalachicola River. Evidence suggests that this streambed degradation continues 
today. Important species most affected include the federally listed Gulf Sturgeon and 
striped bass. Other impacts from the dams and bed entrenchment include increased 
channel widening and lowered river stage resulting in the loss of slough habitat as well as 
a decrease in floodplain forest inundation. These impacts have resulted in changes in 
floodplain forest composition, increases in exotic species, and a decrease in aquatic 
habitat during overbank flooding. 

Structural modifications that have occurred as part of the project in the past 
include training works (dike fields), bend easings, and cutoffs. These modifications have 
resulted in an increase in the movement of sand downstream and shortening the length of 
the river, and may have contributed to further instabi lity in the ri ver channel by 
increasing erosion, increasing the width of the channel, and decreasing the depth of the 
river. Although dike fields initially created good fish habitat most of these benefits have 
been lost due to spoil disposal on these sites over time. Numerous other dam projects, 
bank stabilization projects, cutoffs, and sills have been proposed over tl1e years but never 
approved or implemented due to the lack of justification of success, cost, or 
environmental concerns. 

Snagging operations, to relocate logs and trees, have been necessary since the 
inception of the project. The relocation of these snags has resulted in the loss of valuable 
habitat for fish and their food over the years. Modification of the program in the 1980's 
resulted in a more selective snagging program as well as placement of the snags back in 
the river to maintain their ecological value. This has resulted in reduced loss of habitat 
but continues to be a concern. Bank erosion from boat wakes also continues to be a 
problem in some parts of the river, particularly in the middle reaches. 

The dredge and disposal operation continues to be the largest cause of 
environmental problems, as well as the most controversial project on the river. Rock 
removal in the upper river below the dam, necessitated by streambed entrenchment and 
river meandering, has been a controversial part of the project and although not necessary 
lately, remains an environmental concern due to its effects on habitat of the Gulf sturgeon 
and striped bass. Dredging has also contributed to channel widening and lowered river 
stages in the middle and lower river. 

While the actual dredging of sand in the river remains a concern, the disposal of 
the sand material has had severe environmental impacts. Early in the program most spoil 
disposal occurred in the floodplain and resulted in the loss of aquatic and floodplain 
habitat by burial, blockage of sloughs, and unseasonal flooding of backswamps. In an 
effort to reduce this habitat loss most spoil disposal now occurs at within bank sites along 
the river shoreline. This type of disposal has resulted in an increase of approximately 25 
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miles of additional sand habitat on the river, which is the least productive habitat found in 
the system. Some of the most productive aquatic habitat in the river, including steep 
natural bank and gently sloping natural banks, has been buried as a result of continued 
sand disposal along the river. It has also resulted in the blockage of sloughs through the 
movement of material downstream of these disposal areas, as well impacting many 
sloughs with sediment deposition that smothers productive aquatic habitat. Slough 
blockages affect even larger backv,ater aquatic habitats by causing their disconnection 
from the riverine system. These habitat losses further impact riverine fisheries due to the 
loss of invertebrate substrate (food) and potential spawning areas. 

The process of floodplain and within bank spoiling has resulted in the loss of 
floodplain and aquatic habitat, alterations to forest composition, opportunities for 
invasive species, forest mortality, and elevation and water inundation changes. The 
increasing use of within bank sites appears to have exacerbated opposite bank erosion, 
causing additional loss of habitat, downstream sediment deposition and habitat loss, as 
well as contributing to channel widening, all of which leads to increased dredging to 
maintain the navigation channel. 

Other impacts resulting from the maintenance and use of the navigation channel 
include increased erosion from boat wakes, loss of shoreline vegetation due to tying up of 
barges, and the loss of fisheries due to the use of navigation windows. Navigation 
windows became popular in the l 990's as a way to open up the channel for short periods 
of time, usually 10-14 days, during periods when there was not enough flow for barges 
and tugs. The US. Army Corps of Engineers would store water in the upstream 
reservoirs and release this to increase the depth in the Apalachicola Channel. This 
resulted in the creation of a "navigation window" that could be utilized by barges to move 
material upriver for a short period of time. Unfortunately this mechanical driven rise in 
the river caused fish to leave the channel and move into historic areas for feeding and 
spawning purposes. The subsequent rapid drop in elevation in the river caused by the 
cessation of the releases resulted in fish being trapped in the floodplain in isolated water 
bodies. These isolated water bodies eventually dried up or developed water quality 
problems from the stagnant conditions that occurred . 

Potential Restoration Projects on the Apalachicola River 

Because of the length of time the navigation channel has been in existence and the 
activities that have taken place to maintain this channel during the last 50 years there is a 
large list of potential restoration activities that could be undertaken. Some of these 
restoration alternatives have been studied in the past and could be done immediately 
while others would need a more detail analysis as to their costs, benefits, and possibilities 
for success. The list of potential projects includes: 

• Removal of sediment from disposal sites that are at or near capacity; 
o The Corley Slough area, river mile 35 through 38, includes numerous 

floodp lain disposal areas, disposal areas 38, 38A, 39, and 40, that are at or 
above capacity. Restoring disposal areas 38, 38A, and 39 would mitigate 
for some of the loss of floodplain habitat. Rejuvenation of site 40 would 
alleviate the need for additional within banks sites in the future . 
Continued riverbank erosion threatens all four of these sites in the future. 
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o Within bank and point bar disposal areas (particularly areas 43, 45A, 47A, 
48A, and 58) which are found between river mile 36 and 45 also need 
restoration activities due to their size and potential impacts on opposite 
bank erosion. Other within bank sites, which may be causing erosion 
problems or are nearing capacity, should also be investigated. Part of the 
investigation should include their future use and potential elimination if 
necessary. 

o The size of many point bars could be reduced by sediment removal, 
followed by reshaping and re-vegetation, to allow natural plant succession 
thereby restoring natural river meandering to occur and potentially 
reducing channel w idening. 

• Reopening or restoration oflarge sloughs that have been impacted (most of these 
projects would need further analysis of their costs benefits, and impacts before 
proceeding); 

o The Poloway Cutoff, at river mjle 71, is a very productive backwater that 
should be reconnected to the main channel at low water. As part of this 
project the upstream within bank sites, disposal areas 104A and 105, 
should be investigated for their impacts on sediment deposition within the 
mouth of this slough. 

o Restoring the Virginia Cut, river mile 35, would increase flowing water 
habitat of high quality for fish and invertebrates. 

o The lamonia Lake area is a very large and productive backwater with 
sediment deposition problems at the mouth of the slough. The area is used 
heavily by fishing and hunting clubs, therefore, any sand removal options 
would need to address the potential effects of lowered lake levels at low 
river levels on the backwater area. 

o A sandy sill in the mouth of the River Styx area, river mile 35, should be 
removed. At low water many miles of backwater habitat would be 
reconnected to the main channel and could have very large benefits 

o The sediment at the mouth of Kennedy Creek, river mile 25, should be 
removed, restoring a large drainage and connection back to its natural 
condition. 

o The connection between the East River, river mile 14, and the 
Apalachicola River should be stabilized and sediment removed from the 
aquatic zone Restoring the connection permanently may involve 
determining the impacts of the upstream within bank disposal areas on 
sedimentation in the East River. 

o The opening up and restoration of access to the lower end of Battle Bend 
cutoff should be accomplished. 

• Smaller sloughs could also be restored with benefits to the system. The above list 
includes the larger sloughs that are more expensive and could provide more 
benefits. However, before additional slough openings are attempted, the potential 
for long-term success and downstream impacts should be thoroughly considered. 
This analysis would also include any sloughs that could be opened easi ly with 
benefits to the system. 
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• The restoration of old cutoffs such as Battle Bend as a method to lengthen the 
river and reduce its erosion rate should be investigated 

• The beneficial artificial aquatic habitat that was created as part of constructing 
dike fields could be enhanced by removing the sediment that was disposed on top 
of the fields. These artificial rock and wood substrates are beneficial to 
invertebrates as welJ as habitat for fish, both feeding and spawning. 

• In the upper river, primarily in the 5 miles directly below the Jim Woodruff Dam, 
streambed entrenchment has resulted in the exposure and isolation of rock habitat 
and the loss of access to historic cool water refuges during low flows. Methods to 
mitigate the impacts on the gulf sturgeon and striped bass should be investigated. 
These could include the restoration of these habitats or stocking of these 
important species. 

• Increasing fish passage above and below the dam would allow species, especially 
the gulf sturgeon and striped bass, passage to their historic spawning grounds 
upstream. This could involve construction of fish ladders, fish lifts or even 
modification of the existing locks to allow for fish passage. An analysis of a fish 
passage structure and costs for the Claiborne Dam on the Alabama River has been 
undertaken. The potential for a similar project should be investigated the Jim 
Woodruff Dam on the Apalachicola River. 

• Better operation of upstream reservoirs to provide a flow regime that is consistent 
with the ecological needs of the Apalachicola River system. The Corps of 
Engineers will be proposing a Water Control Plan to define management of the 
federal storage reservoirs in the ACF basin in the coming year and this will 
provide an opportunity to revise reservoir operations as necessary to protect the 
flow regime 

• A detailed hydro-geomorphic assessment into the current rate ofriver channel 
widening should be undertaken. This problem could have tremendous impacts on 
the navigation channel, the amount of dredging required, as well as the unique 
natural resources of the river and its floodplain. Its causes and effects are 
currently not well understood but may play a major role in the future. 

Restoration Program for the Apalachicola River 

In order to reduce, eliminate, and mitigate the impacts on the Apalachicola River 
system during the last 50 years of providing a navigation channel it will be necessary to 
develop a restoration program. This program should have specific and definable goals 
which allow for: 

• reduction or elimination of continuing and future impacts due to sand 
migration and erosion caused by maintenance of the navigation channel; 

• restoration of the natural functioning of the river by re-establishing the 
integrity of the Apalachicola River basin ecosystem (including restoration of 
bendways, interconnecting waterways, sloughs, watersheds, associated land 
areas, and fish and wildlife habitat); 

• supporting and sustaining a balanced, integrated, adaptive community of 
organisms having species composition, diversity, and functional organization 
comparable to those of the natural habitat of the Apalachicola River; and 
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• monitoring and assessing the biota, habitats, and water quality of the 
Apalachicola River basin to assess restoration activities, their benefits, and 
impacts. 

fn order to accomplish the Apalachicola River Restoration Program it is 
recommended that a multi-agency team be put together to develop a long-term 
comprehensive plan, rank the restoration alternatives, work to acquire permits, contract 
and supervise the individual restoration activities and monitor the progress and results of 
the work. This team should include at a minimum the U.S. Army Corps of Engineers, 
U.S. Fish and Wildlife Service, U.S. Geological Survey, Florida Department of 
Environmental Protection, Florida Fish and Wildlife Conservation Commission, 
Northwest Florida Water Management District, as well as other stakeholders in the region 
such as citizens and non-government organizations. A process that allows the multi­
agency committee to control the funds, oversee the prioritization and completion of the 
restoration activities as well as the monitoring needed to assess the benefits and impacts 
of the projects. In order to accomplish this task a full-time position must be provided for 
these activities rather than relying on the efforts of other agency employees, who have 
other commitments and cannot devote 100% time to the project. The restoration program 
would be accomplished over a ten-year period with the following components: 

l . Year 1 - A working Comprehensive Plan would be developed and adopted that 
identifies and prioritizes obvious areas, including those listed above, for 
restoration that have the greatest benefits and chances for success. Any studies 
that were necessary to understand the system and how it responds to these 
restoration activities as well as other activit ies associated with the maintenance of 
the navigation channel would be detailed. Some specific restoration projects, 
which have been already been authorized would begin as soon as final cost 
estimates, plans, and permits are secured. 

2. Year 2 - Designs, scopes of work, cost estimates, permits, and contracts would be 
developed for the second ranked priorities in the plan as well as any required 
studies. 

3. Year 3 - Work on the second ranked priority projects would begin along with the 
establi shment of a monitoring program to measure the impact of restoration 
activities on biota, habitats, and water quality as well as a focused identification 
of cause and effect relationships. 

4. Year 4 through 8 - Work would continue on restoration activities in the plan. The 
monitoring information, causes and effects, potential negative impacts from 
restoration activities, as well as new projects that might be undertaken to restore 
the system would be evaluated. The working comprehensive plan would be 
updated during this phase to take advantage of lessons learned, successes, new 
cost analysis, and monitoring information obtained during the early years of the 
program. 

5. Year 9 through 10 - All restoration activities accomplished would be evaluated 
with regard to conserving and restoring fish and wildlife and natural habitat. A 
final report, along with recommendations on restoration activities that could be 
utilized in other impacted riverine systems would also be prepared, 
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It is difficult to estimate the actual dollar costs of a restoration program for the 
Apalachicola River without a comprehensive plan or a detailed analysis of individual 
projects. However, initial cost estimates for potential projects listed in the last section are 
between $50 and $70 million. This would include the development of the plan, cost 
estimates for individual projects, permitting. restoration activities. monitoring studies, 
and a final report. This estimate does not include the cost of a regional disposal faci lity 
nor any costs associated with the final disposition of the material such as beach 
renourishment or offshore disposal options. It is conceivable that these costs could 
change depending on the actual projects selected for implementation during the 
development of the restoration plan. 

Comprehensive Restoration Plan for the Apalachicola River 

Any comprehensive plan developed by the multi-agency committee must address 
and include the following issues: 

I. How to include a nd take advantage of restoration actions, results, and studies 
already authorized by Congress. These include: 
• An investigation of sloughs or tributaries in need of resto rat ion that was 

authorized by Section 306 of the Water Resources Development Act of 1986. 
The study was completed, but the report requesting authorization for 
restoration activities and construction outside the boundaries of the navigation 
has not been submitted o r approved by the Corps of Engineers (COE). 

• An investigation of the restoration of Poloway Cutoff that was authorized by 
the Water Resources Development Act of 1986. Authorization for 
construction and restoration has not been requested by the COE. 

• Specific fonding that was authorized and appropriated, by the 200 1 E nergy 
and Water Appropriations, for the restoration of sloughs as required by the 
1999 State of Florida Water Quality Certification to the COE. 

• The restoration or rejuvenation of Disposal Areas 38, 38A, 40, 43 and other 
within bank di sposal areas, provided they can be used for continued di sposal 
practices, were authorized and initial funds were appropriated by the 2002 
Energy and Water Appropriations legislation. 

2. Authorization for slough, tributary restoration activities outside or beyond the 
boundaries of the navigation should be provided by any restoration legislation 
Thi s may be as much as 1 mile beyond the navigation project boundaries. 
Authorization fo r the restoration of disposal areas should be provided without a 
requirement that they be available fo r continued use, with the exception of 
Disposal Area 40. 

3. As part of thi s plan a large regional disposal sand storage facility must be 
identified and approved to store material in until its final disposition and removal 
from the system is accomplished. This would allow projects that only involve the 
removal of material to proceed without delay. 

4. The restoration of the Apalachicola River should address the two primary causes 
for the entrenchment of the river channel and the significant increases in bank 
erosion; construction of the Jim Woodruff Dam and continued dredging of the 
river; and specific actions to correct or mitigate impacts associated with both. 
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5. Because of previous studies, authorizations, or information already available the 
scopes of work, cost estimates, permits, monitoring requirements, and contracting 
for some priority projects should be initiated during the first year of the program, 
even while the plan is undergoing development. These projects include the 
restoration of disposal areas 38, 39, 43, 45A, 47 A, 48A, and 58; the opening up of 
the lower ends of Poloway and Battle Bend cutoffs, and the continued 
rejuvenation of disposal area 40. These are currently the highest ranked projects 
of those listed earlier. 

6. During the first year of the development of a restoration plan, a study should be 
initiated that investigates the increases in chat1nel-widening, channel- instability, 
and bank erosion rates. This study would: 

• Describe the probable causes and specific problems, by reach or section, 
and possible solutions to stop or reverse the instability or erosion rates. 

• Identify areas where restoration will naturally occur if maintenance 
activities change on the river. 

• Identify areas, i.e. point bars and slough openings, where minimal 
restoration activities w ill result in lasting benefits 

0 Identify areas where major restoration activities will be required to correct 
identified problems or past disposal activities. 

• Identify areas where restoration is not possible 
7. Further prioritization of the remaining projects, not mentioned above, as well as 

the addition of other needed projects would occur during the development of the 
plan The plan would be updated continually during the program based on new 
information collected, monitoring studies, and lessons learned from restoration 
projects. 

8. Information accumulated, restoration successes, and lessons learned would be 
utilized in the permitting process to help reduce impacts from the navigation 
channel as well as speed up the permitting process in the future. 
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GULF STURGEON (Acipenser oxyrinchus desotoi) 
5-YEAR REVIEW 

 
 
I. GENERAL INFORMATION 
 
1.1. Methodology used to complete the review 
 
A public notice initiating this review and requesting information was published on April 16, 
2008, with a 60-day response period (73 FR 20702).  The public notice was supplemented with a 
request for information by postcard dated April 17, 2008, mailed directly to 130 entities 
(individuals, natural resources agencies, conservation organizations) that could likely have 
information pertinent to this review.  One (1) set of comments/data was received in response to 
the public notice and postcards, which was incorporated as appropriate into this 5-year review. 

 
The lead recovery biologists for the NMFS and the FWS gathered and synthesized information 
regarding the biology and status of the Gulf sturgeon.  Our information sources included: 

 
 the Gulf Sturgeon Recovery/Management Plan (1995); 
 peer-reviewed scientific publications; 
 grey literature (annual reports); 
 information presented at annual Gulf sturgeon meetings; 
 ongoing field survey results and information shared from Gulf sturgeon researchers 

(both Service and State biologists); 
 the final rule listing the Gulf sturgeon as threatened (56 FR 49653) (September 30, 

1991); and 
 the final rule designating critical habitat for the Gulf sturgeon (68 FR 13370) (March 

19, 2003). 
 

We submitted a peer-review draft of this document to 16 professional biologists with expertise 
on the Gulf sturgeon and its habitats.  We provided written guidance to ensure that we relied 
upon the best available information and that we made sound conclusions based upon this 
information.  Appendix B details how we addressed all comments received from peer reviewers. 

 
All literature and documents used for this review are on file at the FWS Panama City Field 
Office and at the NMFS SERO. 
 
1.2. Reviewers 
 
1.2.1. NMFS 
 
1.2.1.1. SERO (Southeast Regional Office) 

Stephania Bolden (727-824-5312) 
Kelly Shotts (727-824-5312) 

 
1.2.1.2. Southeast Fishery Science Center 

Michelle Duncan (850-234-6541 ext. 235) 
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1.2.2. FWS 
 
1.2.2.1. Panama City Field Office 

Jerry Ziewitz (850-769-0552 ext. 223) 
Frank Parauka (850-769-0552 ext. 237) 
Jon Hemming (850-769-0552 ext 238) 

 
1.2.2.2. Cooperating Field Offices 

David Walther (Lafayette) (337-291-3122) 
Paul Hartfield (Jackson, MS) (601-965-4900) 
Patrick Harper (Daphne, AL) (251-441-5857) 
Billy Brooks (Jacksonville, FL) (904-731-3136) 

 
1.2.2.3. Regional Office 

Kelly Bibb (404-679-7132) 
 

1.2.3. Peer Reviewers 
Jim Clugston, U.S. Geological Survey (retired)  
Jared Flowers, North Caroline Cooperative Fish and Wildlife Research Unit 
Dewayne Fox, Delaware State University 
Alan Huff, Florida Fish and Wildlife Conservation Commission (retired) 
Phil Kirk, U.S. Army Corps of Engineers 
Bill Pine, University of Florida 
Todd Slack, U.S. Army Corps of Engineers  
Ken Sulak, U.S. Geological Survey 

 
1.3. Background 
 
1.3.1. FR Notice announcing initiation of this review: 
 
April 16, 2008, 73 FR 20702 
1.3.2.  
1.3.3. Species status 

 
1.3.3.1. NMFS 
 
NMFS currently considers the status of the Gulf sturgeon as stable.  
 
1.3.3.2. FWS 
 
FY2009 recovery data call: stable.  Seven riverine systems have evidence of reproducing 
populations, some variability in population size has been noted:  1) The Suwannee River 
population appears to be slowly increasing; 2) population size in the Escambia River system may 
have declined following a hurricane event; and, 3) hurricane effects to the populations within the 
Pearl and Pascagoula Rivers are unknown as research has been extremely limited in those 
systems since Hurricanes Ivan (2004) and Katrina (2005).  
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1.3.4. Recovery achieved 
 
FWS assigns Gulf sturgeon a 2 out of 4 indicating 26-50% of recovery objectives have been 
achieved. 
 
1.3.5. Listing history 
Original Listing: 56 FR 49653 
Date listed: September 30, 1991 
Entity listed: subspecies 
Classification: threatened 
 
1.3.6. Associated rulemakings 
The Services designated critical habitat for the Gulf sturgeon on March 19, 2003 (68 FR 13370). 
 
1.3.7. Review history 
 
This is the first 5-year review completed for the Gulf sturgeon.  The Services completed a  
Recovery Plan in 1995.  The FWS has internally responded to “Recovery Data Calls” (most 
recently in 2009).  The Services have participated in exercises to review recovery progress in 
conjunction with annual Gulf sturgeon workshops since 1998. 
 
1.3.8. Species’ recovery priority number at start of review: 
 
1.3.8.1. NMFS 
 
NOAA Fisheries issued guidelines in 1990 (55 FR 24296) for assigning listing and recovery 
priorities.  Three criteria are assessed to determine a species’ priority for recovery plan 
development, implementation, and resource allocation:  1) magnitude of threat; 2) recovery 
potential; and 3) existing conflict with activities such as construction and development.  NOAA 
Fisheries has fewer priority categories than FWS. 
 
NMFS has assigned a recovery priority number of 8 out of 12 (a moderate degree of threat, low 
to moderate potential for recovery, and little conflict with economic activities) to the Gulf 
sturgeon. Additional rationale for this recovery number is provided in the 2006-2008 Biennial 
Report to Congress on the Recovery Program for Threatened and Endangered Species. 

 
1.3.8.2. FWS 
 
FWS has assigned a recovery number of 12 out of 18 (a subspecies with a moderate degree of 
threat and a low recovery potential) to the Gulf sturgeon (48 FR 43098).   

 
The different priority rankings (NMFS and FWS) reflect FWS consideration of taxonomic 
criteria (genus, species, subspecies).  
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1.3.9. Recovery plan 
 
Name of plan:   Gulf Sturgeon (Acipenser oxyrinchus desotoi) Recovery/Management Plan. 
Date issued:  September 22, 1995 (this plan was signed by the NMFS, FWS, and Gulf States 
Marine Fisheries Commission). 
 
2. REVIEW ANALYSIS 
 
2.1. Application of the 1996 Distinct Population Segment (DPS) policy 
 
2.1.1. Is the species under review a vertebrate? 
 
Yes. 
 
2.1.2. Is the species under review listed as a DPS? 
 
No. 
 
2.1.3. Is there relevant new information for this species regarding the application of the 

DPS policy? 
 
Yes.  Based on the best available information, the Services believe the current listing is valid.  
However, we have new information that indicates an analysis and review of the species should 
be conducted in the future to determine if the application of the Distinct Population Segment 
(DPS) policy could be appropriate for the Gulf sturgeon.   

 
The 1995 Recovery Plan was completed before policies were issued by the Services on the 
treatment of DPSs under the Act (61 FR 4722; February 7, 1996).  Currently there is a lack of 
information to separate the species into population segments in accordance with the DPS policy 
across various genetic/geographic subdivisions.  However, the Services believe that additional 
data from ongoing genetics analyses and tagging studies may allow us to determine whether Gulf 
sturgeon DPSs are identifiable.  
 
2.2. Recovery Criteria  
 
2.2.1. Does the species have a final, approved recovery plan containing objective, 

measurable criteria? 
 
Yes. 
 
2.2.2. Adequacy of recovery criteria 
 
2.2.2.1. Do the recovery criteria reflect the best available and most up-to date information 

on the biology of the species and its habitat? 
 
No (see discussion in section 2.2.3). 
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2.2.2.2. Are all of the 5 listing factors that are relevant to the species addressed in the 

recovery criteria? 
 
No.  Although the tasks outlined in the 1995 Recovery Plan address threats relative to listing 
factors (e.g., habitat modification, overutilization, etc.), the Plan lacks criteria that would 
measure progress towards reducing these threats.  The Services should develop such criteria in a 
revised recovery plan.  We summarize new information about threats and progress towards 
reducing threats in section 2.3.2. 

 
2.2.3. List the recovery criteria as they appear in the recovery plan and discuss progress. 
 
1.  Short-term Objective – to prevent further reduction of existing wild populations of Gulf 
sturgeon within the range of the subspecies.  This objective will apply to all management units 
within the range of the subspecies.  Ongoing recovery actions will continue and additional 
actions will be initiated as needed. 
 
Criteria 
A.  Management units will be defined using an ecosystem approach based on river drainages.  
The approach may also incorporate genetic affinities among populations in different river 
drainages.   

 
The criteria have been partially met through the Services’ designation of Gulf sturgeon critical 
habitat in 2003 (68 FR68 13370).  In the critical habitat rule we recognized seven extant 
reproducing populations that are associated with seven river drainages (Pearl, Pascagoula, 
Escambia, Yellow, Choctawhatchee, Apalachicola, and Suwannee).  We noted that conservation 
of all seven populations was necessary to minimize the potential for inbreeding, to retain 
potentially important selective pressure at the margins of the species’ range, and to provide a 
rescue effect between adjacent populations in the event of a local extirpation or a decline to 
extremely low numbers.  We determined that physical and biological features within specific 
habitats occupied by these seven populations (seven riverine units and seven adjacent 
estuarine/marine units) are essential for the conservation of the species.  Our current 
understanding of the biology of the Gulf sturgeon is still consistent with the findings of the 
critical habitat rule, but we realize that tagging and genetics data may provide a biological basis 
for dividing the Gulf sturgeon into two or more discrete population segments. 

 
B.  A baseline population index for each management unit will be determined by fishery 
independent catch-per-unit-effort (CPUE) levels.  

 
This criteria has not been met.  Recognizing the problems inherent with CPUE as a recovery 
monitoring metric in the years following completion of the 1995 Recovery Plan, the Services did 
not establish baseline CPUE indices as proposed in the Recovery Plan’s recovery criteria.  
Researchers have instead gravitated towards mark-recapture models and age-structured 
population models (Morrow et al. 1999, Sulak and Clugston 1999, Pine et al. 2001, Pine and 
Allen 2005, Flowers 2008, Pine and Martell 2009).  Researchers confirmed that high variability 
in CPUE was due to differences in the spatial distribution, sampling gear, deployment methods, 
and environmental conditions that affected sampling efficiency (e.g., tides, currents, bottom 
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snags, floating debris, and winds), and sampling crew experience (K. Sulak, USGS, pers. 
comm.).  We review the information that has emerged from these and other studies in section 
2.3.1.  This information suggests that some Gulf sturgeon populations are likely stable or slowly 
increasing, and that the Suwannee population is more rapidly increasing.  The status of some 
Gulf sturgeon populations, particularly in the western portion of their geographic range, is 
unknown due to lack of recent survey.  

 
C.  Change from the baseline level will be determined by fishery independent CPUE over a three 
to five year period.  This time frame will be sufficient to detect a problem and to provide trend 
information.  The data will be assessed annually.  

 
Currently, seven rivers are known to support reproducing populations of Gulf sturgeon.  No 
population estimate has been made that would satisfy the recovery criteria of evaluating a change 
from baseline within statistically valid limits over a three to five year period.  However, surveys 
continue on rivers throughout the range and population estimates have been developed using 
criteria other than CPUE as listed in Appendix A. 

 
D.  The short-term objective will be considered achieved for a management unit when the CPUE 
is not declining (within statistically valid limits) from the baseline level.  
 
Gulf sturgeon researchers have recommended that population parameters estimated from mark-
recapture methods be used instead of CPUE to monitor Gulf sturgeon recovery.  Morrow et al. 
(1999) and Flowers (2008) both recommended incorporating a minimum population size into 
revised recovery criteria in addition to a stable or increasing population size trend. 

 
2.  Long-term Objective A – to establish population levels that would allow delisting of the Gulf 
sturgeon by management units.  Management units could be delisted by 2023 if required criteria 
are met.  While this objective will be sought for all management units, it is recognized that it may 
not be achievable for all management units. 
 
Notably, management units are not listed entities under the ESA and therefore they cannot be de-
listed.  Rather, management units allow the Services to develop geographically specific recovery 
tasks that are appropriate to address unique threats to units smaller than the listed entity. 

 
Criteria 
A. The timeframe for delisting is based on known life history characteristics including longevity, 
late maturation, and spawning periodicity.  

 
These criteria are still valid. New data support the previous conclusions that Gulf sturgeon are 
slow to recolonize areas that it formerly occupied, live long lives, have slow growth, and a high 
age at maturity.  Restoration of the population age-structure will take many more years than 
previously thought. 

 
B.  A self-sustaining population is one in which the average rate of natural recruitment is at least 
equal to the average mortality rate over a 12-year period (which is the approximate age at 
maturity for a female Gulf sturgeon).  
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Currently, seven rivers are known to support reproducing populations of Gulf sturgeon.  No 
population estimate has been made that would satisfy the recovery criteria to determine if the 
average rate of natural recruitment is at least equal to the average mortality rate over a 12-year 
period.   

 
C.  This objective will be considered achieved for a management unit when the population is 
demonstrated to be self-sustaining and efforts are underway to restore lost or degraded habitat.  
 
The demographic recovery criteria in the 1995 Recovery Plan relied upon catch-unit-effort 
(CPUE) data, which has proven too variable to serve as a practical monitoring metric.  
Demographic parameters estimated from mark-recapture studies appear better suited for this 
purpose.  Using the mark-recapture data, general estimates of population size at a riverine scale 
have recently been calculated (Appendix A).  New information shows a roughly stable or slightly 
increasing population trend in eastern (Florida) river systems.  The number of Gulf sturgeon in 
the Escambia River system may have recently declined due to hurricane impacts.  The Suwannee 
River population appears to be slowly increasing.  Due to lack of research since Hurricanes Ivan 
and Katrina, no data are available to determine the current size of the Gulf sturgeon populations 
in the western portion of the geographic range (i.e., Pearl and Pascagoula Rivers) of Gulf 
sturgeon.   

 
3.  Long-term Objective B – to establish, following delisting, a self-sustaining population that 
could withstand directed fishing pressure within management units.  Note that the objective is 
not necessarily the opening of a management unit to fishing, but rather, the development of a 
population that can sustain a fishery.  Opening a population to fishing will be at the discretion of 
state(s) within whose jurisdiction(s) the management unit occurs.  As with Long-term Objective 
A, the objective may not be achievable for all management units, but will be sought for all units.   

 
Criteria: 
A.  All criteria for delisting must be met. 

 
This criteria remains valid; however, the delisting criteria need to be revised to accommodate a 
different method to determine demographic recovery criteria as CPUE is too variable of a metric. 

 
B.  This objective will be considered attained for a given management unit when a sustainable 
yield can be achieved while maintaining a stable population through natural recruitment. 

 
Flowers (2008) describes how the historic overexploitation of Gulf sturgeon led to a change in 
the age-structure of the populations that reduced annual reproductive output.  Given Gulf 
sturgeon life history characteristics such as long life, slow growth, and high age at maturity, 
restoration of the population age-structure will take many more years than previously thought. 

 
C.  Particular emphasis will be placed on the management unit that encompasses the Suwannee 
River, Florida, which historically supported the most recent stable fishery for the subspecies. 

 
The Suwannee River population appears to be slowly increasing and may be regaining a 
semblance of its pre-exploitation age structure, with a shift from 10% mature individuals in 1996 
to 40%  in 2007 (presentation by K.Sulak, USGS at the 2008 Annual Gulf sturgeon meeting).     
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However, as previously noted, the ESA specifies that only species included on the list published 
in the Federal Register can be removed from such list (ESA Section 4(c)(2).  Because the Gulf 
sturgeon as a species is on the published list (50 CFR 17) only that unit, and not the management 
unit, may be considered for de-listing.  

 
2.3. Updated Information and Current Species Status 
 
The  2003 rule designating critical habitat represents our most recent comprehensive review of 
information relevant to the conservation and status of the Gulf sturgeon.  Therefore, the 
following is based largely upon data and literature compiled since 2003. 
 
2.3.1. Biology and Habitat 
 
2.3.1.1. New information on the species’ biology and life history 
 
Brooks and Sulak (2004 and 2005) described the distribution of Gulf sturgeon food resources in 
the Suwannee River estuary.  They found that benthic infauna biomass was greater in the 
summer than in the winter, and that the spatial distribution of likely prey items was patchy (high 
in certain areas and low in others). 
 
Additional studies examining Gulf sturgeon prey have been conducted based on Heard et al.’s 
(2000) assessment of the benthic macro invertebrate assemblages in Choctawhatchee Bay 
suggesting that ghost shrimp, Lepidophthalmus louisianensis, was an important food for Gulf 
sturgeon greater than 1 m in length.  McLelland and Heard (2004, 2005) later analyzed the 
benthic macro-invertebrate assemblages from two sites off the northern Gulf of Mexico coast of 
Florida and Alabama where Gulf sturgeon were located by telemetry and believed to be foraging 
during winter.  They reported in 2004 that annelids comprised the main group of organisms 
collected at both sites and with the exception of the high density of tube building polychaetes 
collected at the Alabama site, little difference in the benthic invertebrate populations was noted 
between the two sites.  The density of benthic organisms did not substantially differ from 2004 to 
2005.  However, McLelland and Heard (2005) noted there were a few shifts in population 
structure:  1)  an absence of the tube dwelling polychaete, Hobsonia florida, at the Alabama site 
that was predominate in 2004 and was replaced by the polychaete, Mediomastusa  ambiseta; and 
2) an increase in the number of mollusks with a decrease in arthropods at the Florida site.  They 
speculated that the possible changes in the macro-invertebrate structure could reflect a response 
to increased nutrient loading from runoff or perhaps a physical shift due to the effects of 
Hurricane Ivan that made landfall in eastern Alabama in August 2004. 
 
Edwards et al. (2003) tracked the movements of Gulf sturgeon in the Suwannee River estuary 
using ultrasonic tags and a fixed array of receivers.  Tagged individuals displayed a pattern of 
directed slow, steady travel over several kilometers followed by periods of randomly directed 
travel.  This pattern is consistent with a foraging strategy that is adapted to a patchy distribution 
of food resources by an animal that lacks advance knowledge of the location of the patches or an 
ability to detect the patches from afar.  If applicable, this strategy may help to explain the regular  
detection of telemetry-tagged Gulf sturgeon from different natal river systems in the same 
marine foraging areas such as the nearshore islands.  It is also possible that adults can learn the 
location of optimal foraging areas and revisit year after year.  In a follow-up paper reporting 
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results of satellite pop-up archival tags, Edwards et al. (2007) discussed mixing of Gulf sturgeon 
from different populations and overlap of winter habitat utilization.  Similarly, in a multi-year 
study Ross et al. (2009) found Gulf sturgeon from both the Pascagoula and Pearl Rivers broadly 
overlap and use the shallow water along the Gulf barrier islands as foraging grounds in the 
winter.  These marine habitats utilized by the Gulf sturgeon were all less than 7 m deep, 
generally well oxygenated, and with relatively clear water; bottom substrates were mostly coarse 
sand and shell fragments or fine sand (Ross et al. 2009).  Also, Gulf sturgeon tagged in seven 
Florida panhandle river systems were monitored from Carrabelle, FL to Mobile Bay, AL during 
the winter period in the coastal waters of the Gulf of Mexico.  Gulf sturgeon from different river 
systems were located occupying the same area of marine habitat.      
 
Harris et al. (2005) also tracked the movements of Gulf sturgeon in the Suwannee River estuary 
using ultrasonic tags and sampled benthic infauna.  Locations of tagged Gulf sturgeon were 
associated with sandy substrates and high abundances of known prey items.  Gulf sturgeon 
individuals appeared to use different portions of the estuary in fall compared to spring. 
 
Randall and Sulak (2007) estimated yearly recruitment of Gulf sturgeon using 19 years of mark-
recapture data for the Suwannee River population.  Recruitment was positively correlated with 
high flows in September and December.  They suggested that higher survival of age-0 sturgeon 
may be related to increased availability of lower-salinity estuarine feeding habitats in wet years. 
 
Similar to shortnose sturgeon, Randall and Sulak (2007) found some evidence to suggest a Gulf 
sturgeon fall spawning event in the Suwannee River.  Limited data on both adult migration 
patterns and back-calculation to determine age of small fish indicate that a second spawning 
event may be occurring.   
 
Flowers et al. (in-review) utilized field data from the Suwannee and Apalachicola Rivers to 
assess bioenergetics of Gulf sturgeon.  Using length-at-age incremental growth data from mark-
recapture studies, similar bioenergetic parameter estimates were found, except for slight 
differences in growth between males from the Suwannee River.  Given the common homogenous 
near-shore foraging areas utilized by the Gulf sturgeon, similarities in energy uptake and 
metabolism across the species are not unexpected. 
 
2.3.1.2. Abundance, population trends, demographic characteristics 
 
Currently, seven rivers are known to support reproducing populations of Gulf sturgeon.  No 
population estimate has been made that would satisfy the recovery criteria of evaluating a change 
from baseline within statistically valid limits over a three to five year period or an assessment to 
determine if the average rate of natural recruitment is at least equal to the average mortality rate 
over a 12-year period.  The demographic recovery criteria in the 1995 Recovery Plan relied upon 
catch-unit-effort (CPUE) data, which has proven too variable to serve as a practical monitoring 
metric.  Demographic parameters estimated from mark-recapture studies appear better suited for 
this purpose.  Using the mark-recapture data, general estimates of population size can be 
calculated.  Although variable, most populations appear relatively stable with a few exceptions 
(Appendix A).  The number of Gulf sturgeon in the Escambia River system may have recently 
declined due to hurricane impacts, and the Suwannee River population appears to be slowly 
increasing.  Due to lack of research since Hurricanes Ivan and Katrina, no data are available to 
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determine the current size of the Gulf sturgeon populations within the Pearl and Pascagoula 
Rivers.   
 
Research on Gulf sturgeon population characteristics in the past 5 years has been limited to the 
eastern five populations.  The FWS Panama City Field Office has annually monitored one or 
more of the four Florida Panhandle rivers (Escambia, Yellow, Choctawhatchee, and 
Apalachicola) since 2003 (fiscal year annual reports USFWS 2003-2008).  USGS researchers 
completed the first assessment of the Yellow River population (Berg 2004, Berg et al. 2007). 
Advances in modeling population dynamics have been made, especially for the Apalachicola and 
Suwannee River populations (Flowers 2008, Pine and Martell 2009). 
 
Results of surveys to assess abundance of Gulf sturgeon within the 7 river drainages with known 
reproducing populations are summarized in Appendix A.  Estimates listed refer to numbers of 
individuals greater than a specified size, which varies depending on sampling gear, and in some 
cases, to numbers of individuals that use a particular portion of the river (e.g., a summer holding 
area or one migratory pathway among several).  Therefore, the estimates are not a reliable source 
to determine trends as frequently studies and years are not directly comparable due to key 
differences in methods and assumptions.  Multiple estimates for a single year and river result 
from the application of multiple models or represent updated results incorporating additional 
data.  Recently, new studies have been initiated in the western range of the species (Pearl and 
Pascagoula Rivers), but results are not yet available for this review. 
 
Mark-recapture studies have confirmed the general fidelity of individual Gulf sturgeon returning 
to particular rivers (NOAA and USFWS 2003), presumably their natal rivers.  Gulf sturgeon 
reproduction is not known to currently occur in several basins (e.g., Mobile Basin) where it most 
likely occurred historically.  A recent survey collected two Gulf sturgeon in Mobile Bay near 
Fairhope, AL (Mettee et al. 2009) after intensive netting.  In addition to slowly recolonizing its 
former range, insights have emerged from population models in recent years suggesting that Gulf 
sturgeon life history characteristics also render the species slow to recover in abundance within 
its current range.  Working with data from the Suwannee River population, Pine et al. (2001) 
identified three parameters (i.e., egg-to-age-1 mortality, the percentage of females that spawn 
annually, and adult mortality) as those most sensitive in determining the trajectory of population 
size.  Pine et al. (2001) predicted that slight increases in estimated annual adult mortality (from 
16% to 20%) would shift the population from an increasing trend into a decline.  Flowers (2008) 
used an age-structured model to conclude that the Apalachicola population is probably slowly 
recovering, but still needs many years before returning to anywhere near its pre-exploitation 
abundance.  Sulak (2008 Gulf sturgeon workshop) reported an analysis of mark-recapture data 
for the Suwannee River that suggests this population is regaining a semblance of its pre-
exploitation age structure, with a shift from 10% mature individuals in 1996 to 40%  in 2007.   
 
Given the variety in methods, Gulf sturgeon population estimates are relatively imprecise, with more 
than half of the confidence intervals reported (Appendix A) exceeding 65% of the value reported in the 
third column.  This is perhaps owing to the low capture/recapture probabilities associated with sampling 
this species, which was estimated to be < 10% using closed-system models by Zehfuss et al. (1999), 
although another researcher argues that recapture rates for Gulf sturgeon are consistently high (K. Sulak, 
USGS, peer review comments on draft of this document).  Although the trends may not be statistically 
significant, these surveys indicate a roughly stable or a slowly increasing trend in number of individuals 
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at a riverine population scale.  It is not necessary in this review to compare and contrast the methods of 
these various studies; however, the many differences suggest a need to standardize data reporting so that 
a clearer picture of range-wide status becomes possible.  Along similar lines, an online reference 
database including tag numbers and telemetry frequencies for all researchers would facilitate the rapid 
recognition of inter-river movements and the rapid notification of interception. 
 
Flowers (2008) describes the rapid decline in Gulf sturgeon landings as likely reflective of rapid 
erosion of the population age-structure of the large, older, highly fecund individuals being 
removed which led to a rapid change in the age-structure of the population and thereby reducing 
annual reproductive output and population recovery.  Using several formulations (varying key 
input parameters, such as annual natural mortality) of an age-structured mark-recapture model 
(ASMR), Pine and Martell (2009) analyzed all available Gulf sturgeon sampling data collected 
since the late 1970’s for the Apalachicola and Suwannee Rivers.  For the Apalachicola River 
data, the models generally estimated population sizes (age 1+ Gulf sturgeon) of less than 500 
individuals in the early 1980’s, which increased to about 2,000 fish in 2005.  These estimates are 
substantially higher than for other non-age-structured models.  This is partly because estimates 
from Pine and Martell (2009) include younger age-classes than those included in Zehfuss et al. 
(1999).  Despite key differences in input data and model assumptions, a general trend of 
gradually increasing abundance is apparent in the Apalachicola River.  Similarly, for the 
Suwannee River data, the ASMR models estimated abundance in the early 1980’s of about 3,000 
age 1+ sturgeon, increasing to about 10,000 in 2004.  These estimates are higher than the 
abundance estimates from Chapman or Sulak, for similar reasons as in the Apalachicola River 
analyses.  Pine et al. (2001) found a positive population growth of about 5% annually for adults 
within the Suwannee River Gulf sturgeon population, and therefore in number to about 10,000 
individuals in 2004.   

 
2.3.1.3. Taxonomic classification or changes in nomenclature 
 
No changes. 
 
2.3.1.4. Spatial distribution, trends in spatial distribution 
 
Historically, Gulf sturgeon occurred from the Mississippi River east to Tampa Bay.  Sporadic 
occurrences were recorded as far west as the Rio Grande River in Texas and Mexico, and as far 
east and south as Florida Bay (Wooley and Creteau 1985, Reynolds 1993).  The sub-species’ 
present range extends from Lake Pontchartrain and the Pearl River system in Louisiana and 
Mississippi respectively, east to the Suwannee River in Florida.  The species is anadromous:  
feeding in the winter months in the marine waters of the Gulf of Mexico including bays and 
estuaries, migrating in the spring up freshwater rivers to spawn on hard substrates, and then 
spending summers in the lower rivers before emigrating back out into estuarine/marine waters in 
the fall. 
 
Researchers have conducted telemetry studies in all seven river systems.  These studies have 
substantially advanced our understanding of Gulf sturgeon locations during their migrations 
between riverine, estuarine, and marine habitats.  Gulf sturgeon travel great distances to use 
specific areas for spawning in the spring, for “holding” in the summer and fall, and for feeding in 
the winter.  With the deployment of fixed-location telemetry receivers in the estuarine and 
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marine environments, a picture of the behavior of age 3+ Gulf sturgeon is emerging of individual 
fish traveling relatively quickly between areas where they spend an extended period of time 
(Edwards et al. 2003, Edwards et al. 2007, Randall 2008).  To date, published research directed 
at age 0-2 individuals has been limited to the Suwannee River population by Sulak and Clugston 
(1998 and 1999).  Young-of-year (YOY) individuals have been found to disperse widely 
downstream of spawning sites, while sometimes traveling upstream of known spawning sites 
(Clugston et al. 1995, Sulak and Clugston 1999), and eventually arriving in estuarine feeding 
areas in winter months.   
 
Sub-adult and adult Gulf sturgeon overwintering in Choctawhatchee Bay were generally found to 
occupy the sandy shoreline habitat at depths of 2-3 m (Fox et al 2001, Parauka et al 2001). 
 
The 1995 Recovery Plan devotes a paragraph to the possible importance of springs and other 
cool water refugia to Gulf sturgeon within the riverine environment.  Sulak et al. (2007) 
examined temperature, prey availability, and summer movements of Gulf sturgeon in the 
Suwannee River and concluded that temperature and prey availability did not explain Gulf 
sturgeon selection of summer holding areas.  Hightower et al. (2002) also found that water 
temperatures in holding areas where Gulf sturgeon were repeatedly found in the Choctawhatchee 
River were similar to temperatures where sturgeon were only occasionally found elsewhere in 
the river.  While the factor responsible for concentrating Gulf sturgeon within small areas is 
unknown, it may be refuge from high-velocity currents.   
 
Many researchers have improved our knowledge of sturgeon movement and habitat use.  
Rogillio et al. (2007) and Ross et al. (2009) both documented use of barrier-island passes in 
Mississippi Sound and the Chandeleur Islands for winter feeding.  Spawning and associated 
movement patterns in the Pascagoula River were described by Heise et al. (2004, 2005).  The 
FWS discovered near-shore areas of concentrated feeding activity for adults from multiple 
riverine systems in the waters near Tyndall Air Force Base/Panama City Beach , FL, and 
Perdido, FL to Gulf Shores, AL (USFWS 2002, 2003, 2004, 2005, and 2006).  Spawning sites 
were verified by egg collection on the Apalachicola River, FL (USFWS 2006a, Pine et al. 2006, 
Scollan and Parauka 2008), and the Yellow River, FL (Kreiser et al. 2008).  Juvenile movements 
in the Apalachicola River, and Apalachicola Bay, FL were traced by Randall (2008).  In June 
2009, the U.S. Army Corps of Engineers (Corps) collected three YOY Gulf sturgeon in the 
Brothers River, a tributary to the Apalachicola River (P. Kirk, USCOE, pers. com.).  Adult Gulf 
sturgeon were observed in a previously unreported tributary, the Withlacoochee River, FL 
(Suwannee River tributary), in the fall of 2005 (E. Nagid, FFWC, November 2005 Gulf sturgeon 
Workshop) and in May 2006 (G. Warren, FFWC Apalachicola, pers. com.).  Trophic habitat in 
the estuary of the Suwannee River, FL was described by Sulak et al. (2009).  Juveniles 
(estimated age 8-9 months) were collected in the Santa Fe River, FL in December 2006 (Flowers 
and Pine 2008); this observation is significant, because the Santa Fe is not known to support 
spawning and it is not known if the juveniles were spawned there or searching for habitat.  
Additional information was gained on feeding habits and movements in the estuary of the 
Suwannee River, FL (Harris 2003, Harris et al. 2005).  Parkyn et al. (2007) described overall 
seasonal movements in the Suwannee River, FL drainage. 

 
Reproducing populations continue to be evident in seven river systems.  At a riverine scale, no 
estimate of the number of Gulf sturgeon has been calculated that would satisfy the recovery 
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criteria to consider a change from the threatened listing status.  Most population estimates have a 
high degree of statistical uncertainty (i.e., large confidence intervals) and many do not provide 
data over the three to five year period required to determine if the average rate of natural 
recruitment is at least equal to the average mortality rate over a 12-year period.  Further, the 
demographic recovery criteria in the 1995 Recovery Plan relied upon catch-unit-effort (CPUE) 
data, which has proven too variable to serve as a practical monitoring metric.  The Services 
believe that demographic parameters estimated from mark-recapture studies appear better suited 
for this purpose as general estimates of population size can be made.  Although population size 
of Gulf sturgeon is variable across their range, most populations appear to be relatively stable in 
number (Appendix A). 
   
2.3.2. ESA Definitions/Listing Determinations 
 
The ESA provides the following definitions: 
 
“endangered species” is defined as “any species which is in danger of extinction throughout all 
or a significant portion of its range.” 
 
“threatened species” is defined as “any species which is likely to become an endangered species 
within the foreseeable future throughout all or a significant portion of its range.” 
 
The process for determining whether a species (as defined above) should be listed is 
based upon the best available scientific and commercial information. The status is 
determined from an assessment of factors specified in section 4 (a)(1) of the ESA that 
may be contributing to decline, including: 
(A) The present or threatened destruction, modification, or curtailment of its habitat or range; 
(B) Overutilization for commercial, recreational, scientific, or educational purposes; 
(C) Disease or predation; 
(D) Inadequacy of existing regulatory mechanisms; or 
(E) Other natural or manmade factors affecting the continued existence of the species. 
 
Based on the information in the preceding section, the Services believe the Gulf sturgeon 
continues to meet the definition of a threatened species given:  1)  the highly variable abundance 
estimates limited to riverine populations in the east of the sub-species’ range, coupled with the 
unknown status of western populations; 2)  results of population modeling that indicate slight 
increases in annual mortality would quickly shift trends from increasing to decreasing; 3)  the 
unknown age-structure of all but two populations;  4)  their long-lived, slow growing and late 
maturing life history characteristics; and 5) unknown population bottlenecks and overwintering 
habitats.    
 
The best available information does not indicate that Gulf sturgeon are currently in danger of 
extinction.  The geographic range of the species is not known to have been truncated.  Seven 
riverine systems continue to have evidence of reproducing populations.  New information shows 
a roughly stable or slightly increasing population trend in the eastern (Florida) systems; however, 
population size and structure of some populations, particularly in the western part of the range, is 
unknown due to lack of recent survey.   
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2.3.3. Five-Factor Analysis 
 
Under each factor, we note the impacts and threats that were analyzed in the 1991 listing rule, 
followed by observations about new threats and progress at relieving threats. 
 
2.3.3.1. Present or threatened destruction, modification or curtailment of its habitat or 

range 
 
The 1991 listing rule cited the following impacts and threats: 

 
 Dams on the Pearl, Alabama, and Apalachicola rivers; also on the North Bay 

arm of St. Andrews Bay. 
 Channel improvement and maintenance activities:  dredging and de-snagging. 
 Water quality degradation. 
 Contaminants. 
 

New observations: 
 

2.3.3.2. Habitat – dams 
 
All of the dams noted in the listing rule continue to block passage of Gulf sturgeon to historical 
spawning habitats and thus either reduce the amount of available spawning habitat or entirely 
impede access to it.  Since Gulf sturgeon were listed, several new dams have been proposed on 
rivers that support Gulf sturgeon (Table 1).  Effects of these dams on Gulf sturgeon and their 
habitat continues to be investigated as well as potential mitigating factors, including assessing 
the effects of dam operations, on downstream habitats. A short summary of these efforts follows. 
 
Biologists from Clemson University, Georgia Department of Natural Resources, FWS, NMFS, 
and the Corps are investigating the feasibility of fish passage at Jim Woodruff Lock and Dam on 
the Apalachicola River (Isely et al. 2005 – workshop presentation).  While Gulf sturgeon do not 
appear to enter the lock, Alabama shad and striped bass have utilized the lock to pass upstream.  
At this time, it is still unclear whether upstream sturgeon passage through the lock is feasible and 
if passage would result in a conservation benefit to the Gulf sturgeon.  A study using hatchery-
reared Gulf sturgeon tagged and released above the Dam  into Lake Seminole found that some 
fish passed downstream into the Apalachicola River, possibly through the navigation lock, while 
others remained in the reservoir (Weller 2002).  None of the tagged fish were observed to travel 
upstream to areas of potential spawning habitats. 
 
Two dams, Pools Bluff and Bogue Chitto Sills, also impact Gulf sturgeon movements in the 
Pearl River drainage.  Upstream passage is likely possible over these structures during some flow 
conditions, but the extent to which passage occurs is still unknown.  New studies to survey the 
Pearl River for Gulf sturgeon and track movements began in summer 2009 (S. Bolden, NMFS, 
pers. com).  
 
The effects on Gulf sturgeon from the Corps’ operation of Federal dams and reservoirs in the 
Apalachicola River basin were assessed in recent biological opinions (USFWS 2006a, 2007, and 
2008).  The latest of these opinions concluded that some lethal take of Gulf sturgeon eggs or 
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larvae could occur under certain circumstances of rapidly declining river stages during the 
spawning season.  Based on further analysis of flow records and operational practices, the Corps 
determined that it appears feasible to operate the system in a manner that would avoid take of 
eggs and larvae in most, if not all, circumstances (USACE 2009).  Flowers et al. (in press) 
examined the possibility of reduced recruitment associated with low flows in the Apalachicola 
River system and suggested that decreased spawning habitat availability could prolong 
population recovery or reduce population viability. 
 
Except for the proposed dams on the Pearl River and the Yellow River, the dams listed in Table 
1 would be constructed upstream of both designated Gulf sturgeon critical habitat and areas 
known to be inhabited by Gulf sturgeon.  However, if constructed these dams/reservoirs could 
alter flow, channel morphology, and water quality well downstream and within designated 
critical habitat.     

 
Table 1.  Summary of dams proposed within the geographic range of the Gulf sturgeon by river 

drainage. 
Drainage Basin State Stream Notes 

 
Pearl MS Mainstem Proposed LeFleur Lakes reservoir near Jackson, 

MS, in vicinity of possible sturgeon spawning 
area. 

Escambia/Conecuh AL Murder Creek Proposed reservoir site is on a tributary that joins 
the Conecuh River near a known summer resting 
area for sturgeon. 

Escambia/Conecuh AL Big Escambia Creek Proposed reservoir site is on a tributary that joins 
the Escambia River near the FL/AL border. 

Choctawhatchee AL Little 
Choctawhatchee 
River 

Proposed reservoir site is on a tributary that joins 
the Choctawhatchee River upstream of known 
spawning sites. 

Yellow FL Mainstem Feasibility study completed by Corps for proposed 
site near Milligan, FL.  Dam would impede 
passage to known spawning site upstream in AL. 

Apalachicola GA Various There have been various proposals for new water 
supply reservoirs, all upstream of the Jim 
Woodruff Dam on the FL/GA border. 

 
In summary, access to historic Gulf sturgeon spawning habitat continues to be blocked by 
existing dams and the ongoing operations of these dams also effect downstream habitat.  Several 
new dams are being proposed that would increase these threats to the Gulf sturgeon and its 
habitat.  Dams continue to impede access to upstream spawning areas, and continue to adversely 
affect downstream habitat including both spawning and foraging areas.   
 
2.3.3.3. Habitat – dredging 

 
Riverine, estuarine, and coastal navigation channels are often dredged to support commercial 
shipping and recreational boating.  Dredging activities can pose significant impacts to aquatic 
ecosystems by:  1) direct removal/burial of organisms; 2) turbidity/siltation effects; 3) 
contaminant re-suspension; 4) noise/disturbance; 5) alterations to hydrodynamic regime and 
physical habitat; and 6) loss of riparian habitat (Chytalo 1996, Winger et al. 2000).  The direct 
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lethal effects to Gulf sturgeon resulting from interaction with dredges is discussed later in 
Section 2.3.3.12.    

 
Dredging operations may also destroy benthic feeding areas, disrupt spawning migrations, and 
re-suspend fine sediments causing siltation over required substrate in spawning habitat.  Because 
Gulf sturgeon are benthic omnivores, the modification of the benthos affects the quality, 
quantity, and availability of prey.   
 
Maintenance dredging for the navigation channel on the Apalachicola River last occurred in 
2001.  Although the channel is still authorized as a Federal navigation project, the State of 
Florida denied the Corps’ application for water quality certification in 2005 (letter dated October 
11, 2005 from FDEP Secretary Colleen Castille to Curtis Flakes, USACE).  It appears unlikely 
that periodic or routine dredging in the inland waterway would resume in the foreseeable future. 
However, occasional maintenance dredging near the mouth of the Apalachicola River still occurs 
for that segment, which is part of the Gulf Intra-Coastal Waterway.   

 
Maintenance dredging occurs regularly in numerous navigation channels that traverse the bays, 
passes, and river mouths of all seven river drainages that are used by Gulf sturgeon.  Most of this 
dredging occurs within designated Gulf sturgeon critical habitat and may modify foraging habitat 
as well as causing injury or killing Gulf sturgeon.   
 
In summary. dredging and disposal to maintain navigation channels, and removal of sediments 
for beach renourishment occurs frequently and throughout the range of the Gulf sturgeon and 
within designated Gulf sturgeon habitat annually.  This activity has, and continues to threaten the 
species and affect its designated critical habitat. 
 
2.3.3.4. Habitat – point and non-point discharges 
 
Evaluations of water and sediment quality in Gulf Sturgeon habitat on the northern Gulf of 
Mexico coast, have consistently shown elevated pollutant loading. This has been observed in 
both tidal coastal rivers of the type that the sturgeon use in the spring and summer (Hemming et 
al. 2006, 2008).  Perhaps better understood is the widespread contamination throughout the 
overwintering feeding habitat of the Gulf sturgeon (Brim 1998, 2000, NWFWMD 1997, 1998, 
2000, 2002, Hemming 2002, 2003a, 2003b, 2004, 2007).  Although the specific effects of these 
widely varied pollutants on sturgeon in their various life stages is not clearly understood, there is 
ample evidence summarized below to show potential deleterious effects to Gulf sturgeon and 
their habitat. 

 
Sulak et al. (2004) suggest that successful egg fertilization for Gulf sturgeon may require a 
relatively narrow range of pH and calcium ion concentration.  These parameters vary 
substantially along the length of the Suwannee River.  Egg and larval development are also 
vulnerable to various forms of pollution and other water quality parameters (e.g., temperature, 
dissolved oxygen (DO)). 

 
Potential threats to Gulf sturgeon critical habitat were documented in the upper Choctawhatchee 
and lower Pea Rivers (Popp and Parauka 2004, Newberry and Parauka in press).  Potential 
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habitat threats were identified based on degraded habitat characteristics, such as erosion, riparian 
condition, presence of unpaved roads, and presence of agriculture. 

 
Pollution from industrial, agricultural, and municipal activities is believed responsible for a suite 
of physical, behavioral, and physiological impacts to sturgeon worldwide (Karpinsky 1992, 
Barannikova 1995, Barannikova et al. 1995, Khodorevskaya et al. 1997, Bickham et al. 1998, 
Khodorevskaya and Krasikov 1999, Billard and Lecointre 2001, Kajiwara et al. 2003, Agusa et 
al. 2004).  Although little is known about contaminant effects on Gulf Sturgeon, a review 
estimating potential reactions has been performed (Berg 2006).  It was found that loss of habitat 
associated with pollution and contamination has been documented for sturgeon species (Verina 
and Peseridi 1979, Shagaeva et al. 1993, Barannikova et al. 1995).  Specific impacts of pollution 
and contamination on sturgeon have been identified to include muscle atrophy, abnormality of 
gonad, sperm and egg development, morphogenesis of organs, tumors, and disruption of 
hormone production (Graham 1981, Altuf’yev et al. 1992, Dovel et al. 1992, Georgi 1993; 
Romanov and Sheveleva 1993, Heath 1995, Khodorevskaya et al. 1997, Kruse and Scarnecchia 
2002).  The extreme of this situation can be observed in the Caspian Sea, likely the most polluted 
sturgeon habitat in the world.  Researchers there have suggested that nearly 90% of sturgeon 
suffer from organ pathologies and decreased physiological condition associated with sub-lethal 
levels of pollution (Veshchev 1995, Akimova and Ruban 1996, Luk’yanenko et al. 1999, 
Kajiwara et al. 2003).  In addition, nearly 20% of the female sturgeon experience some impact to 
egg development.  Although there has been a reduction in pollution export into the Caspian Sea, 
the severity of past pollution and nature of the pollutants ensure their presence in the sediments, 
water column, and tissues of organisms will continue. 

 
More recently, pharmaceuticals and other endocrinologically active chemicals have been found 
in fresh and marine waters at effective concentrations (reviewed in Fent et al. 2006).  These 
compounds enter the aquatic environment via wastewater treatment plants, agricultural facilities, 
and farm runoff (Folmar et al. 1996, Culp et al. 2000, Wildhaber et al. 2000, Wallin et al. 2002).  
These products are the source of both natural and synthetic substances including, but not limited 
to, polychlorinated biphenyls, phthalates, pesticides, heavy metals, alkylphenols, polycyclic 
aromatic hydrocarbons, 17β-estradiol, 17α-ethinylestradiol, and bisphenol A (Pait and Nelson 
2002, Aguayo et al. 2004, Nakada et al. 2004, Iwanowicz et al. 2009, Björkblom et al. 2009).  
The impact of these exposures on Gulf sturgeon is unknown, but other species of fish are 
affected in rivers and streams.  For example, one major class of endocrine disrupting chemicals, 
estrogenic compounds, have been shown to affect the male to female sex ratio in fish in streams 
and rivers via decreased gonad development, physical feminization, and sex reversal (Folmar et 
al. 1996).  Settlement of these contaminants to the benthos may affect benthic foragers to a 
greater extent than pelagic foragers due to foraging strategies (Geldreich and Clarke 1966). 
 
Several characteristics of the Gulf sturgeon (i.e., long lifespan, extended residence in riverine 
and estuarine habitats, benthic predator) predispose the species to long-term and repeated 
exposure to environmental contamination and potential bioaccumulation of heavy metals and 
other toxicants.  Chemicals and metals such as chlordane, DDE, DDT, dieldrin, PCBs, cadmium, 
mercury, and selenium settle to the river bottom and are later incorporated into the food web as 
they are consumed by benthic feeders, such as sturgeon or macroinvertebrates.  Some of these 
compounds may affect physiological processes and impede the ability of a fish to withstand 
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stress, while simultaneously increasing the stress of the surrounding environment by reducing 
DO, altering pH, and altering other water quality properties.   

 
While laboratory results are not available for Gulf sturgeon, signs of stress observed in shortnose 
sturgeon exposed to low DO included reduced swimming and feeding activity coupled with 
increased ventilation frequency (Campbell and Goodman 2004).  Niklitschek (2001) observed 
that egestion levels for Atlantic and shortnose sturgeon juveniles increased significantly under 
hypoxia, indicating that consumed food was incompletely digested.  Behavioral studies indicate 
that Atlantic and shortnose sturgeon are quite sensitive to ambient conditions of oxygen and 
temperature:  in choice experiments juvenile sturgeons consistently selected nomoxic over 
hypoxic conditions (Niklitschek 2001).  Beyond escape or avoidance, sturgeons respond to 
hypoxia through increased ventilation, increased surfacing (to ventilate relatively oxygen-rich 
surficial water), and decreased swimming and routine metabolism (Nonnette et al. 1993, Crocker 
and Cech 1997, Secor and Gunderson 1998, Niklitschek 2001).   

 
The majority of published data regarding contaminants and sturgeon health are limited to reports 
of tissue concentration levels.  While these data are useful and allow for comparison between 
individuals, species, and regions, they do not allow researchers to understand the impacts of the 
concentrations.  There is expectation that Gulf sturgeon are being negatively impacted by organic 
and inorganic pollutants given high concentration levels (Berg 2006).  Gulf sturgeon collected 
from a number of rivers between 1985 and 1991 were analyzed for pesticides and heavy metals 
(Bateman and Brim 1994); concentrations of arsenic, mercury, DDT metabolites, toxaphene, 
polycyclic aromatic hydrocarbons, and aliphatic hydrocarbons were sufficiently high to warrant 
concern.  More recently, 20 juvenile Gulf sturgeon from the Suwannee River, FL, exhibited an 
increase in metals concentrations with an increase in individual length (Alam et al. 2000). 

 
Federal and state water quality standards are protective of most taxa in many habitats.    
However, impacts of reduced water quality continue to be realized at species-specific, and  
habitat-specific scales and magnification through the trophic levels continues to be assessed.  
The result is that current water quality standards are not always protective of federally listed 
species (Augsburger et al. 2003, Augsburger et al. 2007).  To compound the issue, many 
previously identified water quality problems as realized through violation of state water quality 
standards  are addressed through the necessarily slow and deliberate process of regulated point, 
and non-point source, pollutant load reductions (Total Maximum Daily Loads, TMDLs) for 
chemicals that have specific quality criteria.  Because there are thousands of chemicals 
interacting in our natural environment, many of them of human design, many do not have 
Federal or state water quality standards associated with them.  Further, effects of most of these 
chemicals on the Gulf sturgeon or other protected species are poorly understood.  For these 
reasons point and non-point discharges to the Gulf sturgeon’s habitat continue to be a threat. 

 
2.3.3.5. Habitat – climate change 

 
Climate change has potential implications for the status of the Gulf sturgeon through alteration of 
its habitat.  The Intergovernmental Panel on Climate Change (IPCC 2007) concluded that it is 
very likely that heat waves, heat extremes, and heavy precipitation events over land will increase 
during this century. Warmer water, sea level rise and higher salinity levels could lead to 
accelerated changes in habitats utilized by Gulf sturgeon.  Saltwater intrusion into freshwater 
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systems could negatively impact freshwater fish and wildlife habitat (FWC 2009) resulting in 
more saline inland waters that may eventually lead to major changes in inland water ecosystems 
and a reduction in the amount of available freshwater.  Changes in water temperature may alter 
the growth and life history of fishes, and even moderate changes can make a difference in 
distribution and number (FWC 2009).  Freshwater habitats can be stressed by changes in both 
water quality and levels because of anticipated extreme weather periods as mean precipitation is 
expected to decrease along with an increase in precipitation intensity.  Both droughts and floods 
could become more frequent and more severe, which would affect river flow, water temperature, 
water quality, channel morphology, estuarine salinity regimes, and many other habitat features 
important to the conservation of Gulf sturgeon.  
 
A rise in water temperature may create conditions suitable for invasive and exotic species.  
Higher water temperatures combined with increased nutrients from storm runoff may also result 
in increased invasive submerged and emergent water plants and phytoplankton which are the 
foundation of the food chain (FWC 2009).  New species of freshwater fishes may become 
established with warmer water temperatures (FWC 2009).  The rate that climate change and 
corollary impacts are occurring may outpace the ability of the Gulf sturgeon to adapt given its 
limited geographic distribution and low dispersal rate.   

 
2.3.3.6. Overutilization for commercial, recreational, scientific, or educational purposes 
 
All directed fisheries of Gulf sturgeon have been closed since 1972 in Alabama, 1974 in 
Mississippi, 1984 in Florida, and 1990 in Louisiana (USFWS 1995).  Overutilization due to 
directed harvest is no longer a threat.  Although confirmed reports are rare, it is still a common 
opinion among Gulf sturgeon researchers that possibly significant Gulf sturgeon mortality occurs 
as bycatch in fisheries directed at other species.  Berg et al. (2004) noted finding a dead juvenile 
Gulf sturgeon on a trot line in the Blackwater River.  We discuss the bycatch issue in greater 
detail under section 2.3.2.8 as a regulatory issue.   

 
2.3.3.7. Disease or predation 
 
No additional information regarding the threat of disease or predation is available.  
 
2.3.3.8. Inadequacy of existing regulatory mechanisms 

 
Direct take of Gulf sturgeon is still prohibited in all four states within the current range of the 
species.  However, fisheries directed at other species that employ various trawling and 
entanglement gear in areas that sturgeon regularly occupy pose a risk of incidental bycatch.  One 
such fishery is directed at gars (family Lepisosteidae) in southeast Louisiana, where Gulf 
sturgeon mortality in entanglement gear has been observed (D. Walther, USFWS, pers. comm.).  
Louisiana Wildlife and Fisheries Commission staff proposed a ban on commercial netting 
freshwater areas of southeast Louisiana (the Florida Parishes which include East Baton Rouge, 
East Feliciana, West Feliciana, Livingston, St. Helena, St. Tammany, Tangipahoa, and 
Washington ) in September 2006.  The ban was intended to reduce the incidental bycatch of Gulf 
sturgeon.  The resolution was not adopted.   
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Relocation trawling associated mostly with channel dredging and beach nourishment projects, 
which was initially intended to remove sea turtles in close proximity to dredges, has successfully 
moved several Gulf sturgeon in recent years.  Between January 2005 and April 2006 relocation 
trawling captured and successfully moved two Gulf sturgeon near Mobile Bay, AL:  5 near Gulf 
Shores, AL, 1 near Destin, FL, and 8 near Panama City Beach, FL.  These captures in near-shore 
waters illustrate the relative vulnerability of Gulf sturgeon to incidental bycatch in fisheries that 
use trawls.  Bycatch in shrimp trawls has been documented but has likely been mitigated by sea 
turtle and fish excluder devices.  However, informal conversations with shrimpers suggest that 
Gulf sturgeon are commonly encountered in Choctawhatchee Bay during nocturnal commercial 
fishing (D. Fox. Delaware State Univ., pers. com.). 

 
Amendment Three of the Florida Constitution, known as the net ban, was approved by voter 
referendum in November 1994 and implemented in July 1995.  The amendment was 
implemented in July 1995 and made unlawful the use of entangling nets (i.e., gill and trammel 
nets) in Florida waters.  Other forms of nets (i.e., seines, cast nets, and trawls) were restricted, 
but not totally eliminated.  For example, these types of nets could be used only if the total area of 
net mesh did not exceed 500 square feet.  Implementation of the net ban has likely benefited 
sturgeon as they are residents of near-shore waters during much of their life span.   

 
Florida’s net ban has likely benefited or accelerated Gulf sturgeon recovery.  Gulf sturgeon 
commonly occupy estuarine and coastal habitats where entangling gear was commonly used. 
Capture of small Gulf sturgeon in mullet gill nets was documented by state fisheries biologists in 
the Suwannee River fishery in the early 1970s.  Large mesh gill nets and runaround gill nets 
were the fisheries gear of choice in historic Gulf sturgeon commercial fisheries.  Absence of this 
gear in Florida eliminates it as a potential source of mortality of Gulf sturgeon.    

 
Although a number of steps have been taken to reduce the potential for Gulf sturgeon to be 
incidentally caught by anglers or commercial operations, existing regulatory mechanisms are 
inadequate to prevent take of adult Gulf sturgeon due to fishing bycatch.  Because the loss of a 
few reproducing adults directly affects population size and growth, inadequately regulated 
bycatch continues to be a threat. 

 
2.3.3.9. Other natural or manmade factors affecting its continued existence 
 
The 1991 listing rule cited the following impacts and continuing threats: 
 

 Life history characteristics make the species slow to recolonize areas from which 
extirpated. 
 Threat of hybridization with white sturgeon (A. transmontanus). 
 

2.3.3.10. Life history characteristics and population growth 
 

As described in Section 2.3.1.2, all new data support the previous conclusion that Gulf sturgeon 
are slow to recolonize areas where it was formerly found such as the Mobile River system.  In 
addition, population growth has been shown to be very slow.  Sulak (2008 Gulf sturgeon 
workshop) reported that it has taken nearly 100 years for the  Suwannee River population to 
regain a semblance of its age structure prior to exploitation (early 1900’s), with a shift from 10% 
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mature individuals in 1996 to 40%  in 2007.  However, recent population models for the 
Suwannee River population (Pine et al. 2001) predicted that slight increases in estimated annual 
adult mortality (from 16% to 20%) would shift the population from an increasing trend into a 
decline. Using an age-structured model, (Flowers 2008) concluded that the Apalachicola River 
population is probably slowly recovering, but will take in excess of 100 years from the time of 
fishery closure to reach is pre-exploitation abundance.  Although we are learning more about the 
population structure, there continues to be a number of uncertainties requiring additional 
research.  
 
2.3.3.11. Dredging 

 
Hydraulic dredges (e.g., hopper) can lethally harm sturgeon directly by entraining sturgeon in 
dredge drag arms and impeller pumps.  Mechanical dredges have also been documented to kill 
shortnose, Atlantic, and Gulf sturgeon (Dickerson 2005).  Potential impacts from hydraulic 
dredge operations may be avoided by imposing work restrictions during sensitive time periods 
(i.e., spawning, migration, staging, feeding) when sturgeon are most vulnerable to mortalities 
from dredging activity.  When possible, it is best to schedule dredging when sturgeon are not 
likely to be in the project area. 

 
Dickerson (2005) summarized observed takings of 24 sturgeon from dredging activities 
conducted by the Corps and observed between 1990 and 2005 (2 Gulf; 11 shortnose; and 11 
Atlantic).  Of the three types of dredges included (hopper, clam and pipeline) in the report, 
hopper dredges captured the most sturgeon.  Notably, reports include only those limited trips 
when an observer was on board to document capture and does not include sturgeon purposefully 
removed from the project area prior to dredging activities.    
 
To reduce take of listed species, relocation trawling may be utilized to capture and move sea 
turtles and sturgeon.  In relocation trawling, a boat equipped with nets precedes the dredge to 
capture sturgeon and sea turtles and then releases the animals out of the dredge pathway, thus 
avoiding lethal take.  Relocation trawling has been successful and routinely moves sturgeon in 
the Gulf of Mexico.  Seasonal in-water work periods, when the species is absent from the project 
area, also assists in reducing incidental take.  
 
2.3.3.12. Hurricanes 
 
Mortality of Gulf sturgeon as a result of hurricanes has occurred in the Escambia River following 
Hurricane Ivan in 2004 (USFWS 2005) and in the northern Gulf of Mexico following Hurricane 
Katrina in 2005.  The impacts of Katrina to the population in the Pearl River are largely 
unknown, because few large sturgeon have been intercepted post-hurricane in the Pearl River, 
but it is thought many were killed (T. Ruth, LADFW, pers. com.).  Reports from conservation 
officers on rescue and recovery in Pascagoula the first few days after Katrina reported at least 
eight dead Gulf sturgeon (Mike Beiser, MSDEQ, pers. com.). 

 
2.3.3.13. Collisions with boats 

 
Collisions between jumping Gulf sturgeon and fast-moving boats on the Suwannee River and 
elsewhere are a relatively recent and new source of sturgeon mortality and pose a serious public 
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safety issue as well.  The FFWC reported that in 2006, nine people were injured by direct strikes 
and two were injured after swerving to avoid a jumping Gulf sturgeon while boating on the 
Suwannee River.  Nine people were also involved in incidents with jumping sturgeon during 
2007, including a fatal incident:  two people were ejected from their boat while turning abruptly 
to avoid a jumping sturgeon and one subsequently drowned.  FFWC documented three collisions 
in the Suwannee River in 2008, and one incident as of this writing in 2009.  As a result of these 
incidents, FFWC now maintains a public awareness campaign about the risk to the boating 
public with the message “Go slow on the Suwannee.”  Placards have been posted and distributed 
along the Suwannee River in areas where Gulf sturgeon are frequently spotted jumping and in 
areas of high boat traffic.  Gulf sturgeon factsheets, large signs, and stickers provide life history 
information and warn boaters to proceed at slow speeds in the spring and summer.  USFWS, 
USGS, and NMFS have collaborated with FFWC in the information campaign to alert boaters to 
the collision hazard and urging slower speeds.   

 
The reason why sturgeon jump and expend energy is unknown; one hypothesis is that jumping is 
a form of group communication that serves to maintain group cohesion (Sulak et al. 2002).  
Edwards et al. (2007) note that sturgeon jump in marine waters as well. 

 
Ship strikes may be an emerging threat to Gulf sturgeon; ship strikes are a documented threat to 
Atlantic sturgeon (Assrt 2007).  FFWC personnel pulled a live juvenile Gulf sturgeon (< 1 m TL) 
with a partially severed tail from the Apalachicola River immediately following the passage of a 
barge tow at river mile 3.5 on September 29, 2004 (E. Lovestrand, pers. comm. 2004).  The 
individual died within an hour after being rescued. 

 
Public outreach and education is improving to alert boaters to slow down in areas where Gulf 
sturgeon are known to jump.  However, the number of boating trips has been and is likely to 
continue increasing.  Combined with the potential of extended droughts in the southeast that 
result in lowering the water level and subsequently concentrates both sturgeon and boaters into a 
smaller riverine cross-section, this threat is likely to increase.  Boating collisions along with the 
potential mortality of adult Gulf sturgeon will threaten the stability of these small populations. 

 
2.3.3.14. Red tide 

Red tide is the common name for a harmful algal bloom (HAB) of marine algae (Karenia brevis) 
that can make the ocean appear red or brown.  K. brevis is one of the first species ever reported 
to have caused a HAB and is principally distributed throughout the Gulf of Mexico, with 
occasional red tides in the mid- and south-Atlantic United States.  K. brevis naturally produces a 
brevetoxin that is absorbed directly across the gill membranes of fish or through ingestion of 
algal cells.  

While many HAB species are nontoxic to humans or small mammals, they can have significant 
effects on aquatic organisms.  Fish mortalities associated with K. brevis events are very common 
and widespread.  The mortalities affect hundreds of species during various stages of 
development.  Intoxication begins with binding of PbTx to specific receptor sites in fish 
excitable tissues (Baden and Mende 1982).  Signs of intoxication in fish include violent twisting 
and corkscrew swimming, defecation and regurgitation, pectoral fin paralysis, caudal fin 
curvature, loss of equilibrium, quiescence, vasodilation, and convulsions, culminating in death 
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due to respiratory failure.  Mortality typically occurs at concentrations of 2.5 x 105 K. brevis 
cells/L, which is often considered to be a lethal concentration.  However, it is known that fish 
can die at lower cell concentrations and can also apparently survive in much higher 
concentrations (at 3 million cells/L).  In some instances, mortality from red tide is not acute but 
may occur over a period of days or weeks of exposure to subacute toxin concentrations. 

Since the 1990’s the blooms of red tide have been increasing in frequency; the most recent 
outbreak occurred in 2007 and 2008.  Red tide was the probable cause of death for at least 20 
Gulf sturgeon in Choctawhatchee Bay in 1999 (USFWS 2000).  Dead and dying Gulf sturgeon 
were reported to the FWRI Fish Kill Hotline in January 2006 attributed to post-bloom exposure 
(http://research.myfwc.com/features).  More frequent or prolonged algal blooms may result from 
longer growing seasons predicted with climate change (FWC 2009).  Red tides will likely 
continue to increase in frequency.  Based on the best available information, toxins associated 
have likely killed Gulf sturgeon at both the juvenile and adult life stages.  Because the loss of a 
small number of reproducing adults can have a significant overall effect on the status and trend 
of the population red tide is a threat to the Gulf sturgeon. 

 
2.3.3.15. Aquaculture 

 
In 2001, Florida Department of Agriculture’s Division of Aquaculture (Department) established 
requirements for sturgeon aquaculture in the State.  An application and permitting procedure 
requires sturgeon aquaculture producers to adhere to best management practices (BMPs), as 
provided by Chapter 597, Florida Statutes.  Aquaculture producers obtain an aquaculture 
certificate of registration (http://www.floridaaquaculture.com).  Chapter 9 of the Statute 
describes BMPs for sturgeon culture acknowledging that sturgeon aquaculture is a high-risk 
effort that requires holding of sturgeon for five to eight years before product is available for 
market.  The manual also states that Florida sturgeon culture is currently limited to native 
Atlantic sturgeon and a few nonnative species.  The sturgeon BMPs were developed after the 
threats or risks of hybridization from aquaculture activities were assessed in a risk assessment 
workshop sponsored by the Department, FFWC, and Mote Marine Laboratory in April 2000.  
The sturgeon BMPs require site selection and facility design to prevent the escape of all life 
stages, reporting of imports, health and escape, and minimum standards for protecting and 
maintaining offsite water quality and wildlife habitat.  Failure to comply with the BMPs can 
result in a misdemeanor of the first degree, and is subject to a suspension or revocation of 
certification.  The Department may, in lieu of, or in addition to the suspension or revocation, 
impose on the violator an administrative fine in an amount not to exceed $1,000 per violation per 
day. 
 
Although BMPs have been issued for Florida, and the Department monitors farms with sturgeon 
onsite, the risk of hybridization and escapement still occurs.  The best screening of water pipes to 
ensure fish do not escape via irrigation systems does not guarantee that full containment, 
especially for fish of smaller sizes.  Effects of wind and rain associated with hurricanes and 
unusual weather events can cause overflow of tanks, impacts to irrigation systems, and result in 
unintended escape of fish.  The geographic location of many farms nearby streams and rivers 
would allow easy entry of farmed fish into sturgeon habitat.  As many farms use spring-fed wells 
as a their source for irrigation, sturgeon raised in farms have likely acclimated to local water 
temperatures and would presumably survive in local rivers.  While effects of intra-specific 
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competition between native and non-natives sturgeons are unknown, it is likely that habitat 
overlapping would occur as well as a potential for introduction of disease.  Other states within 
the geographic range of the Gulf sturgeon have not implemented similar licensing, monitoring or 
BMPs.   
 
Therefore, while Florida has issued BMPs and monitors sturgeon farms, the threat of 
introduction of captive fish into the wild, and potential hybridization continues.    

 
2.4. Synthesis 

 
In the 1995 Recovery Plan, recovery criteria were formulated anticipating the delineation of 
“management units” for delisting decisions.  While this concept pre-dates the Services’ 1996 
Distinct Population Segment (DPS) policy, it is consistent with the DPS policy and some 
evidence in this review could contribute to a DPS determination.  However, further evidence is 
necessary to establish the discreteness and significance of two or more river-based DPSs for the 
Gulf sturgeon.   

 
The demographic recovery criteria in the 1995 Recovery Plan relied upon catch-unit-effort 
(CPUE) data, which has proven too variable to serve as a practical monitoring metric.  
Demographic parameters estimated from mark-recapture studies appear better suited for this 
purpose.  Possible parameters to better estimate population status include total number of 
individuals, age structure (proportions of individuals in various age classes), sex ratio, genetic 
effective population size, and spawning success. 

 
Mortality rate is a critical aspect in any population.  Pine et al (2001) reported that Gulf sturgeon 
population models are especially sensitive to small increases in mortality affecting the 
populations.  Flowers (2008) describes the historic overexploitation of Gulf sturgeon led to a 
change in the age-structure of the populations that reduced annual reproductive output.  Given 
Gulf sturgeon life history characteristics such as long life, slow growth, and high age at maturity, 
restoration of the population age-structure will take many more years as characterized by Sulak 
for the Suwannee River.  Care should be taken to eliminate mortality from anthropogenic sources 
including indirect mortality from sampling programs, fishery bycatch, mortalities from dredging 
operations, point and non-point sources, and boater collisions. 

 
Abundance numbers (Appendix A) indicate a roughly stable or slightly increasing population 
trend over the last decade in the eastern river systems (Florida), with a much stronger increasing 
trend in the Suwannee River and a possible decline in the Escambia.  Populations in the western 
portion of the range (Mississippi and Louisiana) have never been nearly as abundant, and their 
current status is unknown as comprehensive surveys have not occurred in the past five years.  
The life history characteristics of the species make current status of all the future generations 
vulnerable to threats.  Any decline in population number would have chronic impacts and be 
realized via fewer progeny over many future generations.     

 
The 1995 Recovery Plan did not include measurable criteria relative to reducing the impacts of 
the five listing factors of the Act that are necessary to monitor progress towards recovery.  Data 
are not yet available to determine if population recovery is limited by factors affecting 
recruitment (e.g., spawning habitat quantity or quality), adult survival (e.g., incidental catch in 
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fisheries directed at other species), or the late-maturing, intermittent reproductive characteristics 
of the species.  It seems probable that riverine populations are being affected by various factors 
operating in concert and synergistically on a river-specific scale. 

 
Direct impacts to the Gulf sturgeon and its habitat continue to affect its continued existence through:  
1)  present or threatened destruction, modification or curtailment of its habitat or range; 2)  
inadequacy of existing regulatory mechanisms; and 3)  other natural or manmade factors.  These 
factors include impacts to habitats by dams, dredging, point and nonpoint discharges, climate change, 
bycatch, red tide, and collisions with boats.  Additional threats may include ship strikes and potential 
hybridization due accidental release of non-native sturgeon.  The juvenile stage of Gulf sturgeon life 
history is the least understood, and perhaps the most vulnerable as this cohort remains in the river for 
the first years of its life and is therefore exposed to most of the threats faced by the species and its 
habitat.  Further, the species long-lived, late-maturing, intermittent spawning characteristics make 
recovery a slow process.  This review has found that the current recovery criteria are not adequate.  
Therefore, we are not recommending reclassification.  
 
3. RESULTS 
 
3.1. Recommended Classification 
 
Based on the best available information, we believe that the Gulf sturgeon continues to meet the 
definition of a threatened species.  While some riverine populations (e.g., Suwannee and 
Choctawhatchee; see Appendix A) number in the thousands, abundance of most populations is in 
the hundreds.  Loss of a single year class could be catastrophic to some riverine populations with 
low abundance.  Further, while directed fisheries no long occur, many threats continue and new 
ones are arising.  New information should be available in the near future to better inform an 
analysis and review of the Gulf sturgeon relative to the DPS policy.   

 
3.2. New Recovery Priority Number 
 
No change (NMFS 8, USFWS 12). 

 
4. RECOMMENDATIONS FOR FUTURE ACTIONS 
 
4.1. Recovery Plan Updating 
 
We have preliminary information that may support an analysis and review of the species 
regarding application of the DPS policy.  The 1995 Recovery Plan was completed before policies 
were issued by the Services on the treatment of DPSs under the Act (61 FR 4722; February 7, 
1996).  Currently there is a lack of information to separate the species into population segments 
in accordance with the DPS policy across various genetic/geographic subdivisions.  Once the 
ongoing genetic analysis investigating potential population structure is complete, the Services 
will determine if data support application of the DPS policy to the Gulf sturgeon.   
  
The demographic recovery criteria of the 1995 plan do not reflect the best available and most up-
to date information on the biology of the species.  The 1995 criteria rely upon monitoring trends 
in catch per unit effort (CPUE) as an index to population abundance, but CPUE is too highly 
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variable for assessing population trends.  Further, the 1995 criteria do not directly address the 
five statutory listing/recovery factors.  Five-factor-based criteria are necessary for measuring 
progress towards reducing threats and for determining when the protections of the Act are no 
longer necessary for the taxon.  New criteria in a revised recovery plan should use demographic 
parameters that can be estimated from mark-recapture studies, including population abundance, 
and other appropriate metrics organized according to the statutory five factors. Since the 1995 
Recovery Plan, the Services issued new guidance in 2006 regarding development of recovery 
planning.  The new requirements include public participation, and focus on species-specific 
recovery programs that accommodate the unique biological capabilities and needs of the species 
while addressing the specific circumstances of its endangerment.  An updated Gulf sturgeon 
Recovery Plan would need to take this new guidance into consideration.        
 
Although the criteria of the 1995 Recovery Plan require substantial revision, the plan’s outline of 
recovery actions has proven a useful conservation tool.  Most of the progress to date towards 
improving our understanding of Gulf sturgeon biology and reducing threats to its survival has 
come from projects and studies predicated on actions formulated in the Recovery Plan, including 
substantial new information on migratory movements and habitats used for spawning and adult 
feeding, population models, population monitoring, and genetics.  Despite this progress, it is still 
unclear whether habitat-related factors are slowing or precluding an increase in some sturgeon 
populations, or whether this relatively long-lived, late-maturing species will simply require 
additional decades of protection.  A revised Recovery Plan should focus explicitly on identifying 
and then relieving possible limiting factors and on improving the monitoring methods that will 
demonstrate whether these efforts are successful. 
 
4.2. Research  
 
Two recent papers have highlighted the precarious position of sturgeons.  The Endangered 
Species Committee of the American Fisheries Society (AFS) indicated that 88% of the 
Acipenseridae family in North America is imperiled (Jelks et al. 2008).  Of the eight North 
American species, AFS considers four endangered (shortnose sturgeon, A. brevirostrum, white 
sturgeon, A. transmontanus, pallid sturgeon, Scaphirhyncus albus, and Alabama sturgeon, S. 
suttkusi), one threatened (Gulf sturgeon; A. oxyrinchus desotoi), and two vulnerable (lake 
sturgeon, A. fulvescens and Atlantic sturgeon, A. oxyrinchus oxyrinchus).  On the other hand, 
Munro et al. (2007) indicated that two major types of management measures that increase the 
hope for recovery of anadromous sturgeons have been implemented:  1) fishing has been banned 
for nearly all populations; and 2) consideration of the importance of habitat restoration has been 
renewed. 
 
Standardization of survey and monitoring protocols needs to be established in order to assess the 
status of Gulf sturgeon populations across the range.  Specific sampling metrics need to be set 
for inter-basin comparison of population trends.  Emerging technologies that would allow remote 
sensing or counting of sturgeon as they migrate into rivers should be explored.  Care should be 
taken when determining a sampling protocol to allow ample opportunity to the researcher to 
conduct unique investigations along with census.  Results of these surveys should be reported in 
a standard fashion to the Services so that population trends can be determined and monitored.  
Posting of data to an on-line database may be considered as well as location information on 
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chart/maps.  Some metric of spawning success should be developed to allow analysis of this 
factor relative to population dynamics.   
 
A better understanding of some basic life history characteristics (habitat needs, energetics, and 
pollution impacts) would greatly assist in predicting impacts of threats, and understanding 
population dynamics.  Surveys across the geographic range to update population estimates, 
particularly in the western portion of the geographic range would assist in determining species 
status and population trends. 
 
Early life stage survival has emerged as a relatively sensitive variable in the age-structured 
population models developed for the Gulf sturgeon (2001), but no studies have yet attempted to 
measure it in the field.  Developing methods that would estimate annual survival rates from egg 
to age 3 could contribute information vital to understanding limiting factors and facilitating 
recovery. 
 
Communication with individual states responsible for issuing Gulf sturgeon research permits 
should improve.  The states have permitting authority (56 FR 49658; September 30, 1991) and 
no annual reporting to the Services is required.  Summary information regarding permits granted, 
along with a description of the action would greatly assist the Services in tracking research and 
recovery.  Adding Gulf sturgeon to ESA Section 6 agreements with the states would facilitate 
such annual reporting while providing potential funding for state research and management 
activities. 
 
Additional analyses to determine genetic structure are essential to understand population 
structure.  Archived tissue samples need to be analyzed and additional samples need to be 
collected to ensure adequate representation of each river with a known reproducing population.  
Genetic data along with tagging returns need to be analyzed to determine distinctiveness and 
effective population structure of Gulf sturgeon.   
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APPENDIX A 
 

Gulf sturgeon abundance estimates, with confidence intervals (CI), for the seven 
known reproducing populations. 

 
Note:  Estimates refer to numbers of individuals greater than a certain size, which varies 
between studies (source column) depending on sampling gear, and in some cases, to 
numbers of individuals that use a particular portion of the river (e.g., a summer holding 
area or one migratory pathway among several).  Estimates are sorted by river, then by 
researcher and year, because estimates are not necessarily comparable between 
researchers due to key differences in methods and assumptions.  Multiple estimates for a 
single year and river result from the application of multiple models or represent updated 
results incorporating additional data.  Refer to original publication for details.  

 

River Year of data 
collection 

Abundance 
Estimate 

Lower 
Bound 95% 

CI 

Upper 
Bound 95% 

CI 
Source 

Pearl 1993 67 28 not reported Morrow et al. 1996 
  1994 88 59 171 Morrow et al. 1996 
  1995 124 85 236 Morrow et al. 1996 
  1996 292 202 528 Morrow et al. 1998 
  2001 430 323 605 Rogillio et al. 2001 
Pascagoula 1999 162 34 290 Ross et al. 2001 
  1999 193 117 363 Ross et al. 2001 
  1999 200 120 381 Ross et al. 2001 
  2000 181 38 323 Ross et al. 2001 
  2000 206 120 403 Ross et al. 2001 
  2000 216 124 429 Ross et al. 2001 
Escambia 2003 558 83 1,033 USFWS 2004 
  2004 573 402 745 USFWS 2004 
  2006 451 338 656 USFWS 2007 
Yellow 2001 566 378 943 Berg et al. 2007 
  2002 spring 500 319 816 Berg et al. 2007 
  2002 fall 754 408 1,428 Berg et al. 2007 
  2003 spring 841 487 1,507 Berg et al. 2007 
  2003 fall 911 550 1,550 Berg et al. 2007 
Choctawhatchee 1999 3,000 not reported not reported USFWS 2000 
  2000 2,500 not reported not reported USFWS 2001 
  2001 2,800 not reported not reported USFWS 2002 
 2007 2800 not reported not reported USFWS 2008 
 2008 3314 not reported not reported USFWS 2009 
Apalachicola 1983 282 181 645 Wooley and Crateau 1985 
  1984 103 62 299 Barkuloo 1988 
  1985 96 74 138 Barkuloo 1988 
  1986 60 37 157 Barkuloo 1988 
  1987 111 64 437 Barkuloo 1988 
  1988 131 84 305 Barkuloo 1988 
  1980 500 not reported not reported Pine and Martell 2009a 
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River Year of data 
collection 

Abundance 
Estimate 

Lower 
Bound 95% 

CI 

Upper 
Bound 95% 

CI 
Source 

  2005 2,000 not reported not reported Pine and Martell 2009 a 
  1990 108 75 196 USFWS 1990 
  1998 270 135 1,719 USFWS 1998 
  1999 321 191 1,010 USFWS 1999 
  2004 350 221 648 USFWS 2004 
  1983 149 115 208 Zehfuss et al. 1999 
  1983 111 76 146 Zehfuss et al. 1999 
  1984 87 59 150 Zehfuss et al. 1999 
  1984 119 87 150 Zehfuss et al. 1999 
  1985 101 87 127 Zehfuss et al. 1999 
  1985 117 92 142 Zehfuss et al. 1999 
  1986 65 47 105 Zehfuss et al. 1999 
  1986 108 92 142 Zehfuss et al. 1999 
  1987 116 70 225 Zehfuss et al. 1999 
 1987 103 78 128 Zehfuss et al. 1999 
 1988 109 81 164 Zehfuss et al. 1999 
 1988 88 69 107 Zehfuss et al. 1999 
 1989 62 37 131 Zehfuss et al. 1999 
 1989 91 61 120 Zehfuss et al. 1999 
 1990 112 88 155 Zehfuss et al. 1999 
 1990 218 114 321 Zehfuss et al. 1999 
 1991 95 35 406 Zehfuss et al. 1999 
 1991 144 83 205 Zehfuss et al. 1999 
Suwannee 1992 2,285 1,887 2,683 Carr et al. 1996 
 1987 2,473 2,002 2,944 Chapman et al. 1997 
 1988 2,144 1,865 2,423 Chapman et al. 1997 
 1989 3,055 2,650 3,460 Chapman et al. 1997 
 1990 3,049 2,677 3,421 Chapman et al. 1997 
 1991 2,097 1,779 2,415 Chapman et al. 1997 
 1992 2,832 2,283 3,381 Chapman et al. 1997 
 1993 5,312 3,588 7,036 Chapman et al. 1997 
 1994 2,898 2,250 3,546 Chapman et al. 1997 
 1995 3,370 1,807 4,933 Chapman et al. 1997 
 1996 4,295 1,703 6,887 Chapman et al. 1997 
 1982 3,000 not reported not reported Pine and Martell 2009 a 
 2004 10,000 not reported not reported Pine and Martell 2009 a 
 1987 2,059 1,490 2,890 Randall 2008 
 1988 1,895 1,544 2,349 Randall 2008 
 1989 2,118 1,777 2,543 Randall 2008 
 1990 2,473 2,166 2,839 Randall 2008 
 1991 2,923 2,516 3,409 Randall 2008 
 1992 3,379 2,855 4,011 Randall 2008 
 1993 4,273 3,442 5,321 Randall 2008 
 1994 3,508 2,821 4,376 Randall 2008 
 1995 3,579 3,122 4,119 Randall 2008 
 1996 5,525 3,524 8,684 Randall 2008 
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River Year of data 
collection 

Abundance 
Estimate 

Lower 
Bound 95% 

CI 

Upper 
Bound 95% 

CI 
Source 

 1997 4,061 3,310 4,998 Randall 2008 
 1998 7,606 5,983 9,702 Randall 2008 
 1999 4,944 4,075 6,017 Randall 2008 
 2000 4,217 3,149 5,660 Randall 2008 
 2001 5,021 3,771 6,706 Randall 2008 
 2002 5,220 3,805 7,185 Randall 2008 
 2005 1,817 1,303 2,544 Randall 2008 
 2006 9,728 6,487 14,664 Randall 2008 
 1991 7,650 not reported not reported Sulak and Clugston 1999 
 1998 7,650 not reported not reported Sulak and Clugston 1999 
 2007 14,000 not reported not reported Sulak 2008 

 

 

a  The primary author cited characterizes these as “preliminary estimates” in reviewing 
this document. 
 
* Juveniles not included in 2007 estimate. 
 
+ Juveniles, subadults and adults included in 2008 estimate.  
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APPENDIX B 
Summary of peer review for the 5-year review of 

GULF STURGEON (Acipenser oxyrinchus desotoi) 
 
A.  Peer Review Method 
 See “B” below. 
 
B.  Peer Review Charge 
 
On June 1, 2009, we sent out a letter and the “Policy for Peer Review in Endangered Species 
Act Activities (59 FR 34270)” through email  to 16 professional biologists with expertise on the 
Gulf sturgeon and its habitats.  The letter requested a critical review of the scientific information 
and data presented and asked them to identify missing literature or other relevant information.    
The letter was sent to the following individuals.  We received comments from eight of these, 
which are summarized in section “C” below. 
 

Steve Carr, Caribbean Conservation Corporation 
Frank Chapman, University of Florida 
Jim Clugston, U.S. Geological Survey (retired) 
Jared Flowers, North Carolina Cooperative Fish and Wildlife Research Unit 
Dewayne Fox, Delaware State University 
Joe Hightower, North Carolina Cooperative Fish and Wildlife Research Unit 
Alan Huff, Florida Fish and Wildlife Conservation Commission (retired) 
Phil Kirk, U.S. Army Corps of Engineers 
Scott Mettee, Alabama Geological Survey 
Daryl Parkyn, University of Florida 
Bill Pine, University of Florida 
Howard Rogillio, Louisiana Department of Wildlife and Fisheries (retired) 
Steve Ross, Eco-Consulting Services 
Tim Ruth, Louisiana Department of Wildlife and Fisheries 
Todd Slack, U.S. Army Corps of Engineers 
Ken Sulak, U.S. Geological Survey 
 

C.  Summary of Peer Review Comments/Report 
 
Jim Clugston, U.S. Geological Survey (retired), Gainesville, FL.  Dr. Clugston’s comments:   

1. Overall assessment of the Gulf sturgeon is realistic based on the available data. 
2. The Services did a good job at pointing out the shortcomings of the data in specific 

systems and the problems with using CPUE as a recovery metric.  The 
"Recommendations for Future Actions" appear reasonable. 

3. He suggested that the section on waterborne contaminants (pg. 18) could be expanded to 
say more about basic nutrient increases and the subtle effect on food chains, etc., as that 
is a big concern in the Suwannee River. 

4. He inquired about the threat of hybridization with white sturgeon and suggested it be 
included in the aquaculture section. 
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Jared Flowers, North Carolina Cooperative Fish and Wildlife Research Unit, Raleigh, NC.  Mr. 
Flowers expressed general support for the review.  He was pleased with the discussion in which 
we recommended discontinuing our reliance upon CPUE as a monitoring metric as described in 
the 1995 Recovery Plan.  He recommended that the Services consider genetic effective 
population size as an alternative metric, and provided references for its use.  He offered 
numerous wording recommendations (e.g., substituting the word “individuals” for “fish”). 
 
 
Dewayne Fox, Delaware State University, Dover, DE.  Dr. Fox found the status review well 
written and had mostly minor editorial comments.  Suggested that we provide additional 
information on the following topics: 

1. A table listing the year and location of the annual Gulf sturgeon workshops. 
2. Gulf sturgeon bycatch in the commercial shrimp fishery. 
3. Additional references and scientific names; clarification of some references. 

 
Alan Huff, Florida Fish and Wildlife Conservation Commission (retired), St. Petersburg, FL.  
Dr. Huff supported our assessment that Gulf sturgeon are stable or increasing  He noted that it 
would be a very positive thing to work through the DPS process.  He suggested improving the 
red tide discussion and provided a copy of the FWC Summit Report on climate change.  He 
suggested changing the term summer “resting” to summer “holding” throughout the document.  
He provided grammatical edits and identified several inconsistencies in formatting.   
 
Phil Kirk, U.S. Army Corps of Engineers, Vicksburg, MS.  Dr. Kirk agreed that more research on 
the biology and survival of age 0-to age-3 fish is needed.  He did not recommend changes to the 
document. 
 
Bill Pine, University of Florida, Gainesville, FL.  Dr. Pine provided a copy of an in-press paper: 
“Spawning site selection and potential implications of modified flow regimes on viability of Gulf 
sturgeon populations”.  He provided minor editorial suggestions and posed several questions 
about the intended meaning of statements in the draft review. 
 
Todd Slack, U.S. Army Corps of Engineers, Vicksburg, MS.  Mr. Slack suggested grammatical 
and style edits and provided new information via recently published papers and e-mails.  He 
clarified results of genetics analyses to which he had contributed.  He suggested a modification 
to the Table 1 heading to clarify its contents.  He provided an update on coastal restoration 
efforts post-hurricanes, requested clarification of relocation trawling efforts and observed takings 
of sturgeon by dredges.  Lastly, he suggested that the anticipated increase in storm activity as a 
result of climate change would increase frequency of fish kills. 
 
Ken Sulak, U.S. Geological Survey, Gainesville, FL.  Dr. Sulak provided many comments: 
 The draft review relied too much upon a few recent papers and he recommended additional 

information for our use. 
 He objected to our statement that juvenile Gulf sturgeon (not young-of-the-year) “possibly” 

use the riverine environment for feeding. 
 He noted that Gulf sturgeon from different populations mix in the riverine environment as 

well as the marine environment. 
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 He characterized as premature our statement that the species apparently no longer reproduces 
in the Mobile River drainage. 

 He noted that several researchers have archived tissue samples that could be used for genetics 
analysis of population structure. 

 He believes that the Suwannee population is increasing more rapidly than our 
characterization of “most populations are stable or slowly increasing”. 

 He urged us to cite several oral presentations made by him and various colleagues at recent 
sturgeon symposia. 

 He disagreed with our characterization of Gulf sturgeon population estimates as “imprecise”. 
 He objected to our mention of an observation of a young-of-year sturgeon in the Santa Fe 

River without an accompanying reference to his work and that of others that previously 
documented upstream movements. 

 He believes the Suwannee population meets the criteria for delisting and should be delisted. 
 
D.  Response to Peer Review 
 
Jim Clugston, U.S. Geological Survey (retired), Gainesville, FL.  We added language about 
waterborne contaminants, and about potential hybridization with white sturgeon. 
 
Jared Flowers, North Carolina Cooperative Fish and Wildlife Research Unit, Raleigh, NC.  We 
accepted all of Mr. Flowers’ editorial and terminology recommendations.  We added genetic 
effective population size to the list of parameters that might substitute for CPUE as a recovery 
monitoring metric in a revised recovery plan. 
 
Dewayne Fox, Delaware State University, Dover, DE.  We accepted all of Dr. Fox’s editorial 
and terminology recommendations, added additional references where suggested, clarified 
language he identified as problematic, cited his review as a personal communication about 
potential Gulf sturgeon bycatch in commercial fisheries in and near Choctawhatchee Bay, and 
added language describing potential gaps in distribution to highlight the importance of the 
western stocks. 
 
Alan Huff, Florida Fish and Wildlife Conservation Commission (retired), St. Petersburg, FL.  
We accepted all of Dr. Huff’s editorial and terminology recommendations, and we enhanced the 
red tide and climate change sections. 
 
Phil Kirk, U.S. Army Corps of Engineers, Vicksburg, MS.  No modifications required.   
 
Bill Pine, University of Florida, Gainesville, FL.  We accepted all of Dr. Pine’s editorial and 
terminology recommendations.  We used the “in-press” manuscript that he provided in our 
discussion of potential impacts of flow alterations to the Gulf sturgeon.  We added a footnote to 
his citations in Table 1 indicating the “preliminary” nature of his population estimates in Pine 
and Martel 2009.  We clarified and expanded upon several sections where he had questions about 
our intended meaning. 
 
Todd Slack, U.S. Army Corps of Engineers, Vicksburg, MS.  We accepted all of Mr. Slack’s 
editorial and terminology recommendations and incorporated the new information provided 
(Ross et al. 2009) into the review.  We agreed that an increase in hurricanes could result in 
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additional fish kills and added that to our climate change section.  We clarified the text in the 
genetics section regarding intra-drainage differences and low assignment rates as he suggested. 
 
Ken Sulak, U.S. Geological Survey, Gainesville, FL.  We responded to Dr. Sulak’s comments as 
follows: 
 Where pertinent, we cited the additional references he provided.  We could not rely upon the 

oral presentations at recent sturgeon symposia that he listed, because these were not available 
to us. 

 We removed our reference to the “possibility” of riverine feeding by age 1+ juvenile Gulf 
sturgeon.   

 We recognized that Gulf sturgeon from different populations mix in the riverine environment 
as well as the marine environment. 

 We rewrote our statements pertaining to an apparent extirpation from the Mobile River 
system to instead acknowledge that we have no direct evidence of current Gulf sturgeon 
reproduction in this river system. 

 Additional genetic analyses are underway.  Dr. Sulak will be contacted on potential tissue 
samples. 

 We acknowledge that the Suwannee population appears to be increasing more rapidly than 
all others. 

 Because the oral presentations Dr. Sulak mentions are not available to us, we cannot rely 
upon them. 

 We restated our characterization of population estimates as “imprecise”, explaining that the 
confidence intervals are relatively broad (more than half are plus or minus 30 percent or 
more around the estimates).  We acknowledge that recapture probabilities for Gulf sturgeon 
in his mark-recaptures studies are higher than reported by Zehfuss et al. (1999). 

 We reduced our emphasis on the observation of a young-of-year sturgeon in the Santa Fe 
River and added reference to previous studies that have documented upstream movements. 

 River-based populations would need to meet the criteria for Distinct Population Segments for 
the Service to delist any separately from the rest of the taxon.  Based on existing information 
at this time, we do not recommend changing the listing status of the Gulf sturgeon. 
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A system is considered nutrient-limited when there is an abrupt decline in phytoplankton 
biomass attributable to decreased availability of a particular nutrient (usually a form of nitrogen 
or phosphorus). Chlorophyll-a is a specific chemical pigment used in photosynthesis, and its 
concentration is considered a surrogate for phytoplankton biomass. In order to better understand 
relationships between flow, nutrients, and chlorophyll-a, data collected by the NERRS were 
analyzed along with United States Geological Service (USGS) discharge measurements at the 
Sumatra gage (i.e., gage nearest to Apalachicola Bay). Monthly grab sample chlorophyll-a and 
dissolved nutrient concentrations (collected 2002-2014 at 10 different locations in Apalachicola 
Bay) were matched to discharge at the USGS Sumatra gage on the day of collection (see
Appendix C for details). Dissolved nitrite + nitrate concentrations were found to increase with 
flow at all locations, except in the Apalachicola River and at Sikes Cut in the Gulf of Mexico.
The River displayed an inverted U-shaped relationship, where nitrite + nitrate concentrations
increased with flow until about 25,000 cfs and then decreased with increasing flows at the 
highest flows. However, chlorophyll-a concentrations exhibited the opposite pattern with flow.
In contrast to dissolved nitrite + nitrate concentrations, chlorophyll-a concentrations were higher 
at lower flows for the seven locations closest to the River (Figure 21). The fact that higher flow 
is associated with higher nitrite + nitrate concentrations but lower chlorophyll-a concentrations 
suggest a temporal de-coupling between dissolved nutrient delivery and phytoplankton 
productivity in the Apalachicola Bay ecosystem. If higher primary productivity is occurring 
during times of lower dissolved nutrient input, then either there are other nutrient sources 
available in the Bay (organic or particulate), or nutrient input during low flow is sufficient to 
drive productivity, or both. This is supported by the fact that there does not appear to be a clear 
relationship between dissolved nutrient concentrations and chlorophyll-a (see Appendix C for
details). The key observation from the available data throughout the Bay is that chlorophyll-a
levels are sustained and that food for grazers such as zooplankton and oysters is readily 
available during the important growing season regardless of the lower flows (Figure 22).
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Figure 21. Chlorophyll-a concentrations are higher at lower flows. Across the full range of 
flows, locally weighted scatterplot smoothing (lowess) curves show a negative 
relationship between chlorophyll-a and flow.
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Figure 22. Chlorophyll-a concentrations at Apalachicola Bay stations at lower flow

I was especially interested in what occurs at the lowest measured flows. Does productivity fall 
off due to nutrient limitation or are there undesirable blooms of algae due to lower flushing? To 
explore this I plotted the available data on measured chlorophyll-a at Apalachicola Bay stations 
for river flows at Sumatra between <5,000 cfs to 14,000 cfs (Figure 22). With regard to the Bay 
as a whole, there are no discernible patterns of sharply increasing or decreasing levels of 
chlorophyll-a concentrations with decreasing flow at these lowest flows. Most importantly for 
the productivity of the Bay, there is not a drop-off in phytoplankton primary production, as 
judged by the presence of chlorophyll-a. Nor is their indication of undesirable algal blooms. 
This finding, that chlorophyll-a (and associated primary production) increases or remains stable 
at low flows, is consistent with the 2008 to 2009 study of Viveros Bedoya (2014).44

Two factors contribute to sustaining primary production within Apalachicola Bay at low river 
flows: longer residence time and increase in light penetration. Residence time of water in the 
Bay is inversely related to flow (see Appendix C for analyses). Longer residence time supports 

44 Viveros Bedoya, P. 2014. Phytoplankton biomass and composition in Apalachicola Bay, a subtropical river 
dominated estuary in Florida. Dissertation, University of Florida, FL. 

NERRS Chlorophyll-a measures relative to USGS low flow (lowess fit) 

- SikesCut 
- Pilots Cove 
- WestPass 

0 0 - Nicks Hole 
l{) 

6 - MidBay 
- DryBar 

0 - CatPoint 
0 0 0 East Bay Bridge 

0 
0 0 0 

00 
River 

€l J3 
0 East Bay Bottom 

0 B 0 0 8 East Bay Surface 
ai' N 

"ii 
(,) 0 8 
1/) 

Cl 0 8 9 0 0 g 
0 0 

:::; o 0 0 0 
c, 
2: l{) 

ns 0 .!. ':'8 
>, 
.s::. 0 0 

0 0 
Q. 
0 N ... 
..2 0 o

0
o ~ 0 

0 8 0 0 .s::. 0 
(.) 

0 ., 0 0 0 0 0 
0 0 0 8 0 

0 
0 0 0 0 0 0 
0 

0 0 
0 

0 0 

6,000 8,000 10,000 12,000 14,000 

Daily Discharge (cfs) 



 
  
 
 

Confidential – S. Ct. 142 114 

Information in subsequent opinions demonstrates that reduced flows have fundamentally 
altered the long-term fish community structure away from many freshwater-oriented 
species in the 1970s–1980s as salinities increased In recent years, it has become an 
ecosystem under chronic stress, transitioning from a stable river-fed estuary toward a 
lower-flow, higher salinity type estuary with a more marine-like character. 
 

The common theme of “tipping point” used by Florida’s three ecological experts creates an 
ominous but a false impression about the nature of this system. However, it is completely 
lacking in any form of quantification. No information is presented by any of Florida’s experts as 
to the nature of the tipping point, thresholds that may be crossed that result in irreversible 
changes, or the proximity of the system to such thresholds. Instead, it is a vague conceptual 
argument devoid of supporting evidence and inconsistent with what is known about the 
Apalachicola Bay system. My analyses presented in Sections 4, 5, and 6 of this report 
demonstrate that the system(s) are not at some theoretical tipping point. In fact, the opposite is 
the case: (1) productivity is being sustained at all trophic levels; (2) community structure of 
plants and animals remain representative of a dynamic estuarine system; (3) predominant fish 
observed in the 1970s and 1980s continue to be the predominant fish species in recent years; (4) 
SAV has recovered in East Bay following Hurricane Dennis in 2005; and (5) the system 
continues to experience natural environmental variations comparable to what has been 
experienced over the past several hundred years.  

In Appendix C of my report, I discuss the variability and resilience of estuaries such as the 
Apalachicola Bay system. Variability is an inherent feature of estuaries, and these ecological 
systems exhibit resilience in the face of changes. The species that make use of estuaries have 
evolved an extensive array of adaptive strategies for living within these systems, and it is 
scientifically insupportable to consider such ecosystems as static and easily toppled as 
conditions vary. The opposite is the case. That said, none of Florida’s experts deny that the 
systems are in fact resilient. Florida’s ecological experts all indicate that the Apalachicola 
ecosystems would respond “positively” to increases in freshwater flow, and this is completely 
counter to the notion that an irreversible tipping point is being crossed or has been crossed: 

Restoration of flow will provide meaningful benefit to the system and will help to restore 
ecosystem health. The reinforcing nature of these feedbacks also means that should a 
positive trajectory be established, through decreased upstream consumption, a 
reinforcement of the positive feedback trajectory will be established, leading to further 
improvements once they are initiated.151  
 

                                                 
151 Glibert, P.M. 2016. Expert report in the matter of State of Florida v. State of Georgia. Apalachicola Bay: An 

estuary undergoing rapid ecological deterioration. Prepared for Florida Department of Environmental 
Protection. February 29, 2016. 
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Given the already stressed state the Apalachicola River ecosystem is in, it is my opinion 
that increases in flow will remedy existing harm, prevent future harm, and allow the 
ecosystem to slowly recover.152 
 
This shift in species composition depending upon the amount of freshwater flow suggests 
that there is potential for the ecosystem to halt the transition toward a more marine-like 
ecosystem and return closer to its original, more freshwater nature by increasing flows 
from the Apalachicola River into the Bay.153 

 

Florida’s experts’ view that the status of the ecosystem will remain permanently pushed into a 
different status seems to be based in large part on their false assumptions concerning the causes 
of variations in the Apalachicola River flow. Variations they attribute to water consumption are 
instead primarily associated with climatic variations. This is readily seen in Figure 5 - Figure 7 
in Section 4 of my report. There can be no dispute that the post 2000 period experienced a 
natural increase in years of drought. However, despite this occurrence, productivity was 
sustained within Apalachicola Bay at all tropic levels. And, as I demonstrate in Section 4 of my 
report, these drought conditions are not unprecedented but part of a long record of drier and 
wetter periods experienced by the Apalachicola Bay system. 

Finally, the conservation scenario proposed by Dr. Sunding would not overwhelm the influence 
of natural climatic variations and yield a measurable benefit relative to current conditions. 
Florida’s experts do not specifically reference Dr. Sunding but instead refer back to the expert 
report of Dr. Hornberger who incorporates remedy scenarios in his evaluation of how Georgia’s 
water consumption influences river flow. Although none of Florida’s ecological experts 
quantify the benefits of this conservation scenario on biological conditions in the Bay, I have 
examined the ecological implications of this scenario. The estimated reductions in consumption 
amount to up to 1,000 cfs during the summer months. As with the results presented in Sections 5 
and 6 of my report, these reductions would not have significant ecological benefits for the 
Apalachicola Bay (see Appendix E for details). I discuss the implications of the Sunding 
conservation scenario further in Sections 9 and 10 of my report.  
 
In summary, the tipping point opinion advanced by Florida’s experts is unsubstantiated and 
these experts have provided no reliable evidence that this tipping point actually exists or is about 
to be crossed. Further, they provide no analysis that indicates a conservation scenario would 
reduce the risk of crossing the theoretical tipping point. In contrast to the opinion(s) of Florida’s 
experts, I have provided evidence that the Apalachicola Bay ecosystems are resilient, have 
experienced changes in freshwater flows and salinity throughout their evolutionary history, and 
have been sustained through the most recent period of naturally occurring drought years.  

                                                 
152 Allan, J.D. 2016. Expert Report in the matter of Florida v. Georgia, No. 142 Orig. in the United States Supreme 

Court. Prepared for Florida Department of Environmental Protection. February 29, 2016. 
153 Jenkins, K. 2016. Expert report in the matter of Florida v. Georgia. Prepared for Florida Department of 

Environmental Protection. February 29, 2016. 
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Figure C- 1. SAV coverage in Apalachicola Bay, 199236

Figure C- 2. SAV Coverage in Apalachicola Bay, 201037

36 Reproduced from FFWCC. 2011. Seagrass integrated mapping and monitoring for the State of Florida: Mapping 
and monitoring report no. 1. L.A. Yarbro and P.R. Carlson, Jr. (Eds.). Florida Fish and Wildlife Conservation 
Commission, Fish and Wildlife Research Institute, St. Petersburg, FL. Available at 
http://myfwc.com/media/1591147/fullsimm1.pdf.

37 Reproduced from FFWCC. 2014. Summary report for Franklin County Coastal Waters in Seagrass integrated 
mapping and monitoring report no. 1.1, FWRI Technical Report TR-17. L.A. Yarbro and P.R. Carlson, Jr. (Eds.). 
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Figure C-8. Salinity ranges (95% prediction intervals) at Cat Point at 10,000 cfs, 10,400 cfs, 
and 11,000 cfs (reflecting the additions of 400 and 1,000 cfs of freshwater)

Collectively, these analyses indicate that the salinity changes associated with Georgia’s water 
consumption since 1992 are very small and are largely lost in the natural variation in salinity 
within the Bay. My comparison of weekly average salinities at Cat Point predicted from Dr. 
Bedient’s simulated 1992 withdrawals and 2011 withdrawals showed an average difference of
0.2‰. The addition of another 400 cfs at the Sumatra gage changed salinity by 0.06 – 0.5‰. If 
flows at the Sumatra Gage increased by 1000 cfs, I calculate that salinity would change by 0.15 –
1.2‰.  These small changes are dwarfed by the natural variation in salinity, which fluctuates by 
18.6‰ at a given flow (range of 95% prediction intervals calculated from my flow-salinity 
regression analysis).

Evaluating the Ecological Implications of Salinity Variations Associated with Georgia’s 
Incremental Water Consumption

Different species of freshwater, estuarine, and marine SAV have different optimal and tolerated 
salinity ranges. Table C- 4 lists SAV salinity tolerance ranges from the literature for species of 
freshwater, estuarine, and marine SAV.  Comparing these tolerance ranges to the variability of 
salinity ranges at each of the flows considered above, any salinity-driven ecological effects 
associated with incremental water consumption by Georgia since 1992 are likely negligible. 

Salinity Ranges 

34.6 34.4 33.9 

I I 
I I 
I I 
I 

16.0 15.7 15.3 



 

 

 

 

 

 

Exhibit 34 

  



FINAL SCOPING REPDR~n 
Enviro mental Impact State ent 
Update of the Water Control-Mi a,al'h f" the 
Apalacliic la-Chattahooch.ael ~ IA~rRive,r Basin, 
in Alabam Florida,)ii'I Gto~gia Bufof

d 
Dam 

\ ' Morgan Falls Dam 

J·anuary 2009 

Bartlett's Ferry Dam 
~ 

Goat Rock Dam 

Oliver Dam 
North Highlands Dam 

ontgomery City Mills Dam: 
:z:: • 

Eagle & Phenix Dam 

Walter F. George 
Lock and Dam 

George W. Andrews! 
Lock and Dam 

t1 ma 

Macon • 

Blackshear Dam 

Fh•(Pi:)) 
US Army Corps 
of Engineers® 
Mobile District 

Prepared for: 
U.S. Army Corps of Engineers 

Lake Seminole Mobile District 
Jim Woodruff Dam P.O. Box n~rsc-----­

Mobile, AL 36628 
Jallahassee 

K 
Prepared by: 
Tetra Tech 
211 0 Powers Ferry Road, SE 
Suite 202 

l~a, GA 30339 

Group\sotutions 
P.O. Bo 940 
Alpharetta, GA 30009 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

i

Contents 

Executive Summary ...................................................................................................... ES-1 

1.0 Introduction............................................................................................................. 1 

1.1 Background......................................................................................................... 1 

1.2 Federal Authorizations........................................................................................ 4 

1.3 Corps Projects in the ACF River Basin .............................................................. 5 

1.3.1 Lake Sidney Lanier and Buford Dam ......................................................... 5 

1.3.2 West Point Lock and Dam .......................................................................... 7 

1.3.3 Walter F. George Lock and Dam................................................................ 8 

1.3.4 George W. Andrews Lock and Dam........................................................... 9 

1.3.5 Lake Seminole and Jim Woodruff Dam ..................................................... 9 

1.4 Non-Corps-Owned Dams in the ACF River Basin........................................... 12 

1.5 The ACF Master Manual .................................................................................. 14 

2.0 Scoping Process Summary.................................................................................... 20 

2.1 Initiating Scoping: Notice of Intent .................................................................. 21 

2.2 Public Notices ................................................................................................... 22 

2.3  Native American Indian Tribal Consultation.................................................... 24 

2.4  Federal Agency Web Conference ..................................................................... 25 

2.5 HEC-ResSim Technical Modeling Workshop.................................................. 25 

2.6  Public Scoping Meetings .................................................................................. 26 

2.7  Scoping Comments ........................................................................................... 28 

3.0 Scoping Comment Analysis.................................................................................. 29 

3.1 Water Management Recommendations ............................................................ 30 

3.1.1 Existing Water Management Practices ..................................................... 31 

3.1.2 Water Management Suggestions............................................................... 33 

3.1.3 Demands and Needs.................................................................................. 36 

3.1.4 Conservation ............................................................................................. 37 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

ii

3.1.5 Alternatives ............................................................................................... 37 

3.1.6 Other ......................................................................................................... 38 

3.2 Socioeconomics and Recreation ....................................................................... 39 

3.2.1 Economics and Recreation........................................................................ 40 

3.2.2 Safety Hazards .......................................................................................... 43 

3.2.3 Environmental Justice............................................................................... 43 

3.2.4 Other Socioeconomic Issues ..................................................................... 44 

3.3 Biological Resources ........................................................................................ 45 

3.3.1 Threatened and Endangered Species ........................................................ 45 

3.3.2 Fisheries .................................................................................................... 47 

3.3.3 Flow Concerns for Apalachicola Bay ....................................................... 48 

3.3.4 Other Biological Issues ............................................................................. 49 

3.4 Drought Operations........................................................................................... 51 

3.5 Water Quality.................................................................................................... 52 

3.6 Water Supply .................................................................................................... 53 

3.7 National Environmental Policy Act .................................................................. 55 

3.7.1 Scoping and Public Involvement .............................................................. 55 

3.7.2 Baseline Conditions .................................................................................. 57 

3.7.3 Proposed Action and Alternatives ............................................................ 58 

3.7.4 Additional NEPA Topics .......................................................................... 60 

3.8 Data, Studies, and Analytical Tools.................................................................. 61 

3.9 Navigation......................................................................................................... 63 

3.10 Hydropower ...................................................................................................... 64 

3.11 Flood Risk Management ................................................................................... 65 

3.12 Other Resources ................................................................................................ 66 

3.12.1 Air Quality ..................................................................................................... 66 

3.12.2 Cultural Resources ......................................................................................... 66 

3.12.3 Geology and Soils .......................................................................................... 67 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

iii

3.12.4 Hazardous, Toxic, and Radioactive Waste .................................................... 67 

3.13 Petitions............................................................................................................. 67 

4.0 Federal, State, and Local Agency Responses ....................................................... 69 

4.1 Federal Agencies............................................................................................... 69 

4.1.1 EPA Region 4 ........................................................................................... 69 

4.1.2 SEPA......................................................................................................... 71 

4.1.3 USFWS ..................................................................................................... 71 

4.2 Political Entities ................................................................................................ 73 

4.2.1 U.S. Congress: Georgia Delegation .......................................................... 73 

4.2.2 U.S. Congress: Florida Delegation ........................................................... 74 

4.2.3 Georgia House of Representatives............................................................ 75 

4.3 State Agencies................................................................................................... 76 

4.3.1 Alabama Office of Water Resources ........................................................ 76 

4.3.2 Florida Department of Environmental Protection..................................... 77 

4.3.3 Georgia Department of Natural Resources, Environmental Protection 
Division 78 

4.4 Local Agencies.................................................................................................. 80 

4.4.1 Metropolitan North Georgia Water Planning District .............................. 80 

4.4.2 Atlanta Regional Commission .................................................................. 80 

4.4.3 Franklin County, Florida, Board of County Commissioners.................... 82 

4.4.4 Hall County, Georgia, Board of Commissioners ...................................... 82 

4.4.5 Troup County, Georgia, Board of Commissioners ................................... 83 

4.4.6 City of LaGrange, Troup County, Georgia............................................... 83 

4.4.7 Gwinnett County, Georgia, Board of Commissioners .............................. 85 

4.5 Tribal Response ................................................................................................ 86 

4.6 Federal Interagency Response .......................................................................... 87 

5.0 Summary of Public Scoping ................................................................................. 88 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

iv

5.1 Recommendations............................................................................................. 90 

5.2 EIS Schedule..................................................................................................... 91 

6.0 Literature Cited ..................................................................................................... 92 

7.0  Acronyms and Abbreviations ............................................................................... 93 

 
Appendices 
 
Appendix A:  Federal Register Notice 

Appendix B:  Press Release 

Appendix C:  Newsletter 

Appendix D:  Tribal Consultation Notice 

Appendix E:  Agency Scoping Meeting 

Appendix F:  HEC-ResSim Technical Modeling Workshop Announcement and 

Agenda 

Appendix G:  Public Scoping Meeting Displays 

Appendix H:  Public Scoping Meeting Handouts 

Appendix I:  Oral Comment Roster 

Appendix J:  Original Scoping Comments 

Appendix K:  Scoping Comments by Issue Area 

Appendix L:  Petitions 

 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

ES-1

Executive Summary 
 

The U.S. Army Corps of Engineers (USACE or Corps), Mobile District, conducted 

public scoping in fall 2008 to initiate preparation of an Environmental Impact Statement 

(EIS) regarding implementation of an updated Master Water Control Manual for the 

Apalachicola-Chattahoochee-Flint (ACF) River Basin (Master Manual) in Alabama, 

Florida, and Georgia. A Notice of Intent to prepare an EIS was released February 22, 

2008, and a Federal Register notice to announce public scoping meetings was published 

September 19, 2008. An interagency meeting was held October 9, 2008, and public 

scoping meetings were held at five strategic locations within the ACF River Basin 

between October 20 and 29, 2008. Native American Indian tribal leaders with interests in 

the ACF River Basin were also contacted as part of the scoping efforts. The formal 

scoping period ended November 21, 2008. 

 

The purpose of scoping is to determine the range of issues to be addressed and to identify 

the significant issues to be analyzed in depth with respect to the proposed action. The 

process also helps to deemphasize insignificant issues, thereby narrowing the scope of the 

EIS process. Through the scoping process the Corps will identify the range of actions, 

alternatives, and impacts to be considered in the EIS for the update of the Master Manual 

for the ACF River Basin. 

 

This scoping report provides background regarding the Corps’ role in managing the ACF 

River Basin and the need to update the ACF Master Manual (Section 1); describes the 

scoping activities conducted by the Corps (Section 2); categorizes the issues raised in the 

scoping comments (Section 3); summarizes the comments submitted by federal, state, 

and governmental agencies (Section 4); and provides the framework for preparing an EIS 

to address the potential for significant impacts on the human and natural environment 

resulting from implementation of an updated Master Manual (Section 5).  
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The appendices to this report contain copies of all of the Corps’ public communication 

and documentation about the scoping process; copies of all comments received during 

scoping in their original format; and a report containing all the comments, broken down 

into segments and categorized by issues. 

 

A total of 1,018 stakeholders participated in the 5 public scoping meetings. Table ES-1 

shows a breakdown of participation by meeting location. 

 

Table ES-1. Participants by Scoping Meeting Location 

Date Location Attendance 
October 20, 2008 Apalachicola, Florida 135 
October 21, 2008 Dothan, Alabama 24 
October 22, 2008 LaGrange, Georgia 365 
October 23, 2008 Marietta, Georgia 93 
October 29, 2008 Gainesville, Georgia 401 

 Total 1,018 
 

A total of 2,269 comments were received from 643 individuals, organizations, and 

agencies during the formal scoping period, which ended November 21, 2008. The 

agencies included federal, state, and local governments. Federal agencies that submitted 

comments included the U.S. Environmental Protection Agency Region 4, the 

Southeastern Power Administration, and the U.S. Fish and Wildlife Service. Leaders 

from the Georgia and Florida congressional delegations submitted comments, along with 

the Georgia State House of Representatives. The three states––Alabama, Georgia, and 

Florida––submitted comments from their associated state agencies. Other local 

governmental agencies, including the Metropolitan North Georgia Water Planning 

District; Atlanta Regional Commission; Franklin County, Florida; Hall County, Georgia; 

Troup County, Georgia; Gwinnett County, Georgia; and the City of LaGrange, Georgia, 

submitted comments as well. 

 

Two petitions were received during the scoping process.  One was from the West Point 

Lake Advisory Council Needs Your Show of Support and signed by 2,809 individuals.  

The second petition received were comments on the Potential for the Turkey Run 
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Landfill to Pollute Groundwater and Surface Waters in Violation of Georgia 

Environmental Protection Division Solid Waste Management Rules and Landfill Permit 

and signed by 58 individuals. 

 

All the comments from scoping were reviewed, analyzed, and organized into the 12 

categories shown in Table ES-2. The table also shows the number of comments by 

category. Figure ES-1 shows the distribution of comments by category. 

 

Table ES-2. Distribution of Comments 

Category Number of 
Comments 

Water Management Recommendations  868 
Socioeconomics and Recreation 404 
Biological Resources  284 
Drought Operations 191 
Water Quality 155 
Water Supply  117 
National Environmental Policy Act 79 
Data, Studies, and Analytical Tools  56 
Other Resources 52 
Navigation 28 
Hydropower 26 
Flood Risk Management 9 

Total 2,269 
 

As shown in Table ES-2 and Figure ES-1, most of the comments (868) were related to 

water management recommendations, which include the seven authorized project 

purposes and the Corps’ ability to balance needs throughout the ACF River Basin. Other 

comments in this category addressed alternatives to consider (or mitigation), demand 

projections as they relate to downstream and future needs, and overall water conservation 

in the basin.  

 

Issues and concerns regarding socioeconomics and the tie between water levels, 

recreation, and regional economics received the second largest number of comments 

(404). Most of the comments received in this category pertained to the adverse 

socioeconomic impacts that have occurred in the northern portions of the ACF River 
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Basin due to extremely low water levels in Lake Lanier, and low or inconsistent water 

levels in West Point Lake. Similar comments were made by stakeholders in the middle 

and lower reaches of the basin, who attributed adverse economic conditions to low water 

flows. Comments were also made regarding the need to address adverse impacts on low-

income and minority populations resulting from low lake levels; the potential for collapse 

of the seafood and fishing industry in the Apalachicola Bay region; safety hazards due to 

low water levels; concerns regarding property values, aesthetics, and quality of life; and a 

myriad other concerns over the direct and indirect impacts of basin water management 

practices on socioeconomics. The primary message stakeholders have conveyed is that 

the Corps should fully assess in the EIS the socioeconomic impacts of water management 

practices at the individual projects and in the overall system. 
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Figure ES-1. Distribution of comments by major category. 
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The next three categories were biological resources (284), drought operations (191), and 

water quality (155). Biological resources comments pertained to fisheries, threatened and 

endangered species, flow concerns for Apalachicola Bay, and other biological issues such 

as habitat, research, and monitoring. The drought operation comments usually referenced 

drought conditions in the Lake Lanier watershed over the past decade. Some comments 

suggested that during periods of extreme drought conditions, the Corps needs to redirect 

and optimize its operational practices to balance project purposes by establishing 

management triggers, conservative reservoir operations, emergency drought measures, 

and water supply conservation measures and/or by prioritizing reservoir purposes. Water 

quality concerns were related to wastewater dilution, recreational uses, impacts of low 

lake levels and low flows, reevaluation of low-flow requirements, salinity in 

Apalachicola Bay, monitoring, effects of population growth, industrial discharges, 

maintaining existing minimum flows, the effect of the Revised Interim Operating Plan, 

and Total Maximum Daily Loads. 

 

Water supply (117 comments) and the National Environmental Policy Act, or NEPA, (79 

comments) were the next two categories. The water supply comments pertained to 

importance compared to downstream uses, public water supply, real-time monitoring at 

the City of Atlanta’s intake, concern over future availability, consideration of the 

Metropolitan North Georgia Water Planning District;’s plans, lack of congressional 

authority, cumulative effects, population growth, and monitoring of the use of storage. 

NEPA-related comments discussed public involvement, the schedule, the baseline, the 

proposed action and alternatives, mitigation measures, compliance with other regulations, 

and cooperating agencies. The remaining comment categories, with a total of 171 

comments, were data, studies, and analytical tools; other resources; navigation; 

hydropower; and flood risk management. 

 

Throughout this process, the public can obtain information on the status of updating the 

Master Manual and the EIS by checking the USACE Mobile District website 

(www.sam.usace.army.mil). The scoping report will be posted at www.acf-wcm.com 

 and it can be downloaded with or without the appendices. 
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1.0 Introduction 
 

In fall 2008 the U.S. Army Corps of Engineers (USACE or Corps), Mobile District, 

conducted public scoping for preparation of an Environmental Impact Statement (EIS) 

regarding implementation of an updated Master Water Control Manual for the 

Apalachicola-Chattahoochee-Flint (ACF) River Basin (Master Manual) in Alabama, 

Florida, and Georgia. The purpose of scoping, in accordance with the requirements of the 

National Environmental Policy Act of 1969 (NEPA), is to solicit input from other 

agencies and the public to help identify all the relevant issues and alternatives that should 

be addressed in an EIS. The EIS will provide supporting documentation for a decision on 

implementing a Master Manual update, as well as for updating reservoir-specific water 

control plans to be included as appendices to the Master Manual.  

 

This scoping report provides background regarding the Corps’ role in managing the ACF 

River Basin and the need to update the Master Manual (Section 1); describes the scoping 

activities conducted by the Corps (Section 2); categorizes the issues raised in the scoping 

comments (Section 3); summarizes the comments submitted by federal, state, and local 

government agencies (Section 4); and provides the framework for preparation of an EIS 

to address the potential for significant impacts on the human and natural environment 

resulting from implementation of an updated Master Manual (Section 5). The appendices 

to this report contain copies of all of the Corps’ public communication and 

documentation about the scoping process; copies of all comments received during 

scoping in their original format; and a report containing all the comments, broken down 

into segments and categorized by issues. 

 

1.1 Background 
The ACF River Basin drains 19,800 square miles in parts of southeastern Alabama, 

northwest Florida, and central and western Georgia. About 74 percent of the ACF River 

Basin lies in Georgia, 15 percent in Alabama, and the remaining 11 percent in Florida. 

The basin extends approximately 385 miles from the Blue Ridge Mountains to the Gulf 
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of Mexico and has an average width of approximately 50 miles. The basin covers 50 

counties in Georgia, 8 in Florida, and 10 in Alabama. The headwaters of the 

Chattahoochee River are in north Georgia, and the river flows along the Georgia-

Alabama state line. The Chattahoochee joins the Flint River at Lake Seminole. 

Downstream of the lake, the Apalachicola River ultimately flows into the Gulf of Mexico 

via Apalachicola Bay in Florida. (Figure 1). 

 

The ACF River Basin is a dynamic hydrologic system characterized by interactions 

between aquifers, streams, reservoirs, floodplains, and estuaries. Water resources in the 

basin have been managed to serve a variety of purposes, including navigation, 

hydroelectric power, flood risk management, water supply, and recreation. There are 16 

reservoirs on the mainstems of the Apalachicola, Chattahoochee, and Flint Rivers (5 

federal and 11 non-federal projects), which have altered the natural streamflow and 

provided water supply improvements and recreational opportunities for the public in 

these resource areas. The interrelationship between operation of the dams and the 

resulting river flows has resulted in a highly regulated system over much of the basin. 

The principal rivers, particularly in the lower half of the basin, receive a substantial 

contribution of water from groundwater baseflow during dry times (Comprehensive 

Water Resources Study Partners, 1995). 
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Figure 1. Apalachicola-Chattahoochee-Flint (ACF) River Basin. 
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1.2 Federal Authorizations 
Several pieces of authorizing federal legislation affect the ACF River Basin. Section 2 of 

the River and Harbor Act of 1945 (Public Law [P.L.] 79-14) approved the general plan 

recommended in House Document 342, 76th Congress, for development of the 

Apalachicola, Chattahoochee, and Flint Rivers, Georgia and Florida, for the multiple 

purposes of navigation, hydroelectric power generation, and flood risk management. A 

modification to the 1945 general plan was authorized by Section 1 of the River and 

Harbor Act of 1946 (P.L. 79-525), in accordance with the report of the Chief of 

Engineers dated May 13, 1946 (House Document 300, 80th Congress), to include Buford 

multipurpose reservoir (Lake Lanier), the Fort Benning Lock and Dam, and the Upper 

Columbia and Jim Woodruff multipurpose developments. The navigation feature of the 

project was to be provided by dredging, channel contraction works, construction of a 

series of locks and dams, and flow regulation by the upstream reservoirs. In the 

Apalachicola River portion of the project, the 1946 amendment provided that “…local 

interests furnish free of cost to the United States, as and when required, all rights-of-way, 

spoil-disposal areas, easements and other lands required for the provision and 

maintenance of a navigation channel in the Apalachicola River….” Further modifications 

authorized by Congress in 1953 (House Committee Public Works Resolution adopted 

May 19, 1953) substituted the now George W. Andrews and Walter F. George Locks and 

Dams for the Upper Columbia multipurpose project and Fort Benning Locks and Dam. 

The Flood Control Act of 1962 authorized West Point Lake in accordance with House 

Document No. 570, 87th Congress. 

 

Other ancillary project purposes were added to these congressionally authorized projects 

by laws that apply generally to all Corps reservoirs. These other laws are the Flood 

Control Act of 1944 (P.L. 78-534), which provides the authority to add recreation as a 

purpose and to contract for use of surplus water for domestic purposes; the Water Supply 

Act of 1958 (P.L. 85-500, Title III), which provides the authority to include storage for 

municipal and industrial water supply; the Fish and Wildlife Coordination Act of 1958 

(P.L. 85-624). which provides the authority to modify projects to conserve fish and 

wildlife; the Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-500), 
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known as the Clean Water Act, which establish the goal to restore and maintain the 

quality of the Nation’s waters; and the Endangered Species Act of 1973 (P.L. 93-205), 

which provides the authority for operating projects to protect threatened or endangered 

fish and wildlife.  

 

1.3 Corps Projects in the ACF River Basin 
The Corps operates five dams in the ACF River Basin (in downstream order): Buford, 

West Point, Walter F. George (George), George W. Andrews (Andrews), and Jim 

Woodruff (Woodruff). All but one is located wholly on the Chattahoochee River arm of 

the basin. The exception is the downstream-most dam, Woodruff, which is immediately 

below the confluence of the Chattahoochee and Flint Rivers and marks the upstream 

extent of the Apalachicola River. Andrews is a lock and dam without any appreciable 

water storage behind it, but Buford, West Point, George, and Woodruff dams are 

reservoirs (Lakes Lanier, West Point, George, and Seminole, respectively) with a 

combined conservation storage capacity (relative to the top of each reservoir’s full 

summer pool) of about 1.6 million acre-feet. Because Jim Woodruff Dam/Lake Seminole 

is operated as a run-of-river project, only very limited storage is available to support 

project purposes. The Corps projects in the ACF River Basin and their authorized project 

purposes are described in more detail in the following subsections. 

 

1.3.1 Lake Sidney Lanier and Buford Dam 
The Corps’ Buford Dam on the Chattahoochee River is a multipurpose project for flood 

risk management, hydroelectric power generation, navigation, recreation, water quality, 

water supply, fish and wildlife conservation. Section 2 of the River and Harbor Act of 

1945 (P.L. 79-14) approved the general plan recommended in House Document 342, 76th 

Congress, for development of the Apalachicola, Chattahoochee, and Flint Rivers, Georgia 

and Florida, for the multiple purposes of navigation, hydroelectric power generation, and 

flood risk management. A modification to the 1945 general plan was authorized by 

Section 1 of the River and Harbor Act of 1946 (P.L. 79-525), in accordance with the 

report of the Chief of Engineers dated May 13, 1946 (House Document 300, 80th 
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Congress), and it included Buford multipurpose reservoir (Lake Sidney Lanier or Lake 

Lanier).  

 

The authorized project provides for a rolled-earth dam 1,630 feet long with crest at 

elevation 1,106 feet National Geodetic Vertical Datum of 1929 (NGVD), or about 192 

feet above streambed elevation; three earthen saddle dikes with a total length of 5,406 

feet; a chute spillway with crest at elevation 1,085 feet; a powerhouse in a deep cut, with 

steel penstocks in tunnels and concrete intake structure at the upstream end of the tunnels; 

and a flood control sluice tunnel paralleling the power tunnels.  

 

Lake Lanier has a total storage capacity of 2,554,000 acre-feet at elevation 1,085 feet. Of 

this, 1,049,400 acre-feet (at elevation 1,070) is usable for power generation, 637,000 

acre-feet is reserved for flood risk management, and 867,600 acre-feet is inactive storage. 

The minimum power pool elevation is 1,035 feet, and the maximum power pool 

(maximum conservation pool) elevations are 1,071 feet in the summer and 1,070 feet in 

the winter. Lake Lanier has a surface area of 38,024 acres at elevation 1,070 feet. The 

power installations consist of one generating unit of 6 megawatts (MW) and two units of 

50 MW each, or a total of 106 MW. The 6-MW unit runs continuously to assist in 

meeting the minimum flow requirements at Peachtree Creek.  

 

Minimum flow requirements from Buford Dam have evolved over the period since 

project completion. The current plan, referred to as the “Short-Term Plan,” was 

developed in 1986. It established the “River Management System” agreement under 

which the Corps, when possible and practical, endeavors to make only those releases 

specifically required for water supply and to maintain the 750-cubic-foot-per-second (cfs) 

minimum in-stream flow at Peachtree Creek. Georgia Power Company agreed to 

continue to use Morgan Falls reservoir to reregulate the Buford releases. 
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1.3.2 West Point Lock and Dam 
The Corps’ West Point Dam and Lake were authorized by the Flood Control Act of 

October 23, 1962 (P.L. 87-874). The authorized project purposes for the reservoir are 

flood risk management, hydroelectric power generation, navigation, recreation, water 

quality, water supply, and fish and wildlife conservation.  

 

The authorized project provides for a gravity-type concrete dam 896 feet long with 

earthen embankments at either end 1,111 feet long on the east end and 5,243 feet long on 

the west end. The total length of the dam and spillway is 7,250 feet. The main dam 

consists of a concrete non-overflow section, 185 feet long on the west side, and an 

earthen embankment retaining wall on the east side, as well as a gravity concrete spillway 

390 feet long, including piers and abutments, with six tainter gates, each 50 feet by 41 

feet. A monolith intake-powerhouse section and erection bay 321 feet long is constructed 

directly west of and adjacent to the spillway.  

 

At the full pool elevation of 635 feet NGVD, the reservoir provides a total storage of 

605,000 acre-feet, of which 307,000 acre-feet is usable. Flood risk management storage 

of 85,200 acre-feet is provided between pool elevations 635 feet and 641 feet. During the 

critical flood season, the reservoir is operated with a maximum power pool elevation of 

625 feet to provide additional flood risk management storage of 221,000 acre-feet. West 

Point Lake has a surface area of 25,900 acres at an elevation of 635 feet. The power 

installations consist of one generating unit of 3 MW and two units of 42 MW each, or a 

total of 87 MW.  

 

West Point Dam provides a continuous minimum release of 675 cfs to the Chattahoochee 

River. It operates in a peaking mode, generating power between two and six hours during 

normal operations each weekday depending on the conservation pool elevation. Weekend 

generation may occur if required to meet customer needs. Lake levels vary only during 

high inflows to the basin and during flood storage drawdown in the winter. Flood flows 

captured in the reservoir are generally released slowly over the subsequent weeks, unless 

additional flood flows are expected. Power releases during the low-flow season augment 
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flows at the Georgia Power Company projects along the Chattahoochee River. The 

releases also provide water for municipal and industrial needs in the Columbus, Georgia, 

area and for navigation on the Apalachicola River below Jim Woodruff Lock and Dam 

during the winter.  

 

1.3.3 Walter F. George Lock and Dam 
Walter F. George Lake, also known as Lake Eufaula, is created by the Walter F. George 

Lock and Dam on the Chattahoochee River about 183 miles upstream of Apalachicola 

Bay. The authorized project purposes include hydroelectric power generation, navigation, 

recreation, water quality, water supply, and fish and wildlife conservation. The existing 

project provides for a concrete dam, gated spillway, and single-lift lock, with earthen 

embankments at either side. The non-overflow section of the dam includes a powerhouse 

and an intake structure. The gated spillway is 708 feet long with a fixed crest at elevation 

163 feet NGVD. The two earthen embankments, almost equal in length, have a total 

length of 12,128 feet, with crest elevation at 215 feet and a maximum height of about 68 

feet. The non-overflow section of the concrete dam is 200 feet long, with the deck of the 

powerhouse section at elevation 208 feet. The lock, which has usable chamber 

dimensions of 82 feet by 450 feet, has a lift of 88 feet with the normal upper pool 

elevation at 190 feet. Depths are 13 feet over the lower sill and 18 feet over the upper sill 

at normal pool elevation.  

 

At the full pool elevation of 190 feet, the reservoir provides a total storage of 934,600 

acre-feet, of which 244,400 is reserved for power production. Walter F. George Lake is 

the largest reservoir in the ACF River Basin; it has a surface area of 45,180 acres at 

elevation 190 feet. The power installation at the lake is being rehabilitated. When the 

rehabilitation is complete, the installation will consist of four generating units of 42 MW, 

for a total of 168 MW. A lock 82 feet wide and 450 feet long, along with a 9-foot-deep, 

200-foot-wide navigation channel extending to Columbus, Georgia, is authorized for 

navigation use.  
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1.3.4 George W. Andrews Lock and Dam 
The George W. Andrews Lock and Dam is a single-purpose navigation project on the 

Chattahoochee River, 154 miles upstream of Apalachicola Bay. The authorized project 

purposes include navigation, recreation, and water quality. It consists of a concrete fixed-

crest spillway 340 feet long extending into the right bank with crest at elevation  102 feet 

NGVD, a concrete gate spillway adjacent to the lock 280 feet long with crest at elevation 

82 feet NGVD, a single-lift lock with usable chamber dimensions of 82 feet by 450 feet, 

and a maximum lift of 25 feet. Depths are 13 feet over the lower sill and 19 over the 

upper sill at a normal pool elevation of 102 feet. The Andrews project reregulates inflows 

caused by peaking power operations at Walter F. George powerhouse.  

 

1.3.5 Lake Seminole and Jim Woodruff Dam 
The Jim Woodruff Lock and Dam is on the Apalachicola River 107.6 miles above its 

mouth, about 1,000 feet below the confluence of the Chattahoochee and Flint Rivers and 

1.5 miles northwest of Chattahoochee, Florida. The reservoir, Lake Seminole, extends 

about 46.5 miles upstream along the Chattahoochee River to the vicinity of Columbia, 

Alabama, and about 47 miles upstream along the Flint River, or 17 miles above 

Bainbridge, Georgia. The authorized project purposes include hydroelectric power 

generation, navigation, recreation, water quality, water supply, and fish and wildlife 

conservation. 

 

The existing project provides for a concrete open-crest spillway 1,634 feet long on the 

right bank, with crest at elevation 79 feet NGVD; a single-lift lock with usable chamber 

dimensions of 82 feet by 450 feet constituting a portion of the dam; an earthen section 

506 feet long, with a maximum lift of 33 feet and a depth over the sills of 14  feet; a gated 

spillway 766 feet long with the bridge at elevation 107 feet NGVD, or about 67 feet 

above the streambed elevation; a powerhouse with an intake section constituting a portion 

of the dam; an earthen section 506 feet long to accommodate the switchyard and 

substation; and an overflow dike section 2,130 feet long on the left bank, with crest at 

elevation 85 feet. At the normal pool elevation of 77 feet, the reservoir has a total 

capacity of 367,320 acre-feet and a surface area of 37,500 acres. The power installation 
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consists of three units of 14.45 MW, or a total of 43.35 MW. The reservoir level is 

normally maintained near elevation 77 feet. Pondage of one-half foot above and below 

this elevation is used to reregulate flows into the reservoir from upstream projects that 

operate as peaking plants. Because there is no flood risk management storage at this 

project, the reservoir level is maintained at elevation 77 feet by passing inflows through 

the spillway gates or through the powerhouse.
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Table 1. Projects in the ACF River Basin 

Basin/River/Project Name 
Owner/State/ 
Yr. Initially 
Completed 

Drainage
Area 

(Sq. Mi.) 

Reservoir
Size 
(Ac.) 

Total 
Storage 
(Ac-Ft.) 

Conservation
Storage 
(Ac-Ft.) 

Power 
Capacity

(kW) 

Normal 
(Summer) 
Lake Elev 

(Ft.) 

Authorized Purposes 
for Corps-Owned 

Projects 

Chattahoochee River  8,770       

Buford Dam/Lake Lanier COE/GA/1957 1,040 38,542 1,957,000 1,087,600 86,000 1,071 FRM, HP, NAV, REC, 
WQ, WS, FW 

Morgan Falls Dam GPC/GA/1903 1,340 580 2,450 NA 16,800 866  

West Point Dam and Lake COE/GA/1975 3,440 25,900 604,520 306,100 82,200 635 FRM, HP,  NAV, REC, 
WQ, WS, FW 

Langdale Dam GPC/GA/1860 3,600 152 NA NA 401 548  
Riverview Dam GPC/GA/1902 3,600 75 NA NA 480 531  
Barletts Ferry Dam GPC/GA/1926 4,260 5,850 181,000 NA 129,300 521  
Goat Rock Dam GPC/GA/1912 4,500 965 11,000 NA 68,100 404  
Oliver Dam GPC/GA/1959 4,630 2,280 32,000 NA 60,000 337  
North Highlands Dam GPC/GA/1900 4,630 131 1,500 NA 29,600 269  
City Mills Dam* City Mills/GA/1863 4,630 110 684 NA 740 226  

Eagle and Phenix Dam* Consolidated 
Hydro/GA1834 4,640 NA 260 NA 4,260 215  

W. F. George Lock and 
Dam  
and Lake (Lake Eufaula) 

COE/GA/1963 7,460 45,180 934,400 244,400 130,000 190 HP, NAV, REC, WQ, 
WS, FW 

George W. Andrews Lock 
and Dam and Lake COE/GA/1963 8,210 1,540 18,180 NA None 102 NAV, REC, WQ 

Flint River  8,460       
Blackshear Dam and Lake* Crisp Co./GA1930 3,800 8,700 144,000  13,000 237  
Flint River Dam/Lake 
Worth GPC/GA/1920 5,310 1,400 NA  5,400 182  

Apalachicola River  19,600       
Jim Woodruff Lock and 
Dam/ Lake Seminole COE/FL/1954 17,230 37,500 367,320 NA 30,000 77 HP, NAV, REC, WQ, 

WS, FW 
Legend: FRM=Flood Risk Management; HP=Hydroelectric Power Generation; NAV=Navigation; REC=Recreation; WQ=Water Quality; WS=Water Supply; FW=Fish and 

Wildlife Conservation; NA=Not Available; *Currently Inoperative 
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1.4 Non-Corps-Owned Dams in the ACF River Basin 
There are 11 additional dams within the ACF River Basin that are not owned and 

operated by the Corps. Brief descriptions of the dams are provided below. Table 1 

provides an overview of all the dams (Corps and non-Corps) within the ACF River Basin. 

The Morgan Falls project is on the Chattahoochee River 30 miles below Buford Dam at 

river mile 312.6. The dam impounds a 7-mile reservoir that has a surface area of 580 

acres at elevation 866 feet. The total reservoir storage volume is about 2,450 acre-feet, of 

which about 2,250 acre-feet is usable. The maximum generating capacity of the project is 

16.8 MW. Georgia Power operates the Morgan Falls Project as a modified run-of-river 

project to reregulate peaking flows from the Corps’ upstream Buford Dam for power 

generation, drinking water supply, and assimilation of treated wastewater in the Atlanta 

region.  

 

Below West Point Dam are a series of eight hydropower dams along approximately 32 

miles of river. Six of these dams are part of Georgia Power’s Middle Chattahoochee 

Hydro Group; they are known individually as Langdale, Riverview, Bartlett’s Ferry, Goat 

Rock, Oliver, and North Highlands. The first two, Langdale Dam and Riverview Dam, 

have very small reservoirs that are unnamed. The larger projects at Bartlett’s Ferry, Goat 

Rock, Oliver, and North Highlands are described below. The Middle Chattahoochee 

projects operate in a run-of-river-with-pondage mode, based on the outflow from the 

Corps’ West Point Dam upstream. 

 

• Bartlett’s Ferry Dam is on the Chattahoochee River upstream of Columbus, 

Georgia. The dam impounds Lake Harding, which has a surface area of 5,850 

acres at elevation 521 feet. The project includes a powerhouse composed of six 

units, which have a total generating capacity of 173 MW.  

• Goat Rock Dam is at mile 172.2 on the Chattahoochee River. It impounds Goat 

Rock Lake, which has a surface area of 965 acres at elevation 404 feet. The 

powerhouse consists of six units with a total generating capacity of 40 MW. The 

project provides an instantaneous target minimum flow release of 800 cfs, or 

inflow, whichever is less, downstream of the dam. 
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• Oliver Dam, which impounds Lake Oliver, is at mile 163.5 on the Chattahoochee 

River downstream of Goat Rock Dam. The lake has a surface area of 2,280 acres 

at elevation 337 feet. The powerhouse consists of three 18-MW generating units 

and one small 6-MW generating unit, for a total capacity of 60 MW. The project 

provides an instantaneous target minimum flow release of 800 cfs, or inflow, 

whichever is less, downstream of the dam 

• The North Highlands project is at mile 162.5 on the Chattahoochee River 

downstream of Oliver Dam. The impoundment has a water surface area of 131 

acres at elevation 269 feet. It has four units with a total generating capacity of 

29.6 MW. The project is operated in a run-of-river-with-pondage mode, based on 

the outflow from the West Point Dam upstream. It provides an instantaneous 

target minimum flow release of 800 cfs, or inflow, whichever is less, downstream 

of the dam; a daily average target minimum flow of 1,350 cfs, or inflow, 

whichever is less, downstream of the project; and a weekly average target 

minimum flow of 1,850 cfs, or inflow, whichever is less, downstream of the 

project. 

 

Lake Blackshear Dam, owned and operated by the Crisp County Power Commission, 

impounds the Flint River near Warwick, Georgia, at river mile 134.7. The power plant 

consists of four units with a total licensed capacity of 15.2 MW. The project consists of 

two earthen dams, each 30 feet high. The North dam is 3,400 feet long, and the South 

dam is 650 feet long. The drainage basin is approximately 3,764 square miles and begins 

at Hartsfield Airport just south of Atlanta, Georgia. The normal full pool elevation is 237 

feet above mean sea level (msl). 

 

Lake Worth is formed by the Lake Worth Dam on the Flint River, at its confluence with 

Muckalee Creek and Kinchafoonee Creek. The Georgia Power Company owns and 

operates the project. The lake covers 1,400 acres and has 36 miles of shoreline. It is in 

Dougherty County just upstream of Albany, Georgia. The power installation consists of 

three units with a capacity of 5.4 MW. 
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1.5 The ACF Master Manual 
In January 2008 Secretary of the Army Pete Geren directed the Corps to update the 

Master Water Control Manual for the Apalachicola-Chattahoochee-Flint River Basin. 

The current Master Manual was completed in 1958, and consequently it does not include 

water control manuals for West Point Dam, Walter F. George Lock and Dam, and George 

W. Andrews Lock and Dam. 

 

In 1989 proposals by the Corps to reallocate storage to municipal and industrial water 

supply at three reservoirs in the Alabama, Coosa, Tallapoosa (ACT) and Apalachicola, 

Chattahoochee, Flint (ACF) River Basins––Lake Lanier, Lake Allatoona, and Carters 

Lake––and by the State of Georgia to develop a regional reservoir near the Alabama state 

line (West Georgia Regional Reservoir) caused controversy between water user groups, 

the states of Alabama and Florida, and various federal agencies. A draft Reallocation and 

Post-Authorization Report and draft Environmental Assessment (EA) had been prepared 

for the Lake Lanier proposal. A draft Apalachicola-Chattahoochee-Flint Basin Water 

Control Plan, dated October 1989, was included as an appendix to the post-authorization 

change report. The State of Alabama filed a lawsuit against the Corps in June 1990 to halt 

these proposed actions. As a result of the litigation, the proposed revisions to the water 

control manual were deferred while the parties negotiated. The Corps has been operating 

under the Draft 1989 Master Water Control Manual pending the update of the Master 

Manual and individual project water control plans.  

 

After a period of negotiation, the governors of Alabama, Florida, and Georgia and the 

Assistant Secretary of the Army/Civil Works addressed the issues of concern by signing a 

Memorandum of Agreement (MOA) on January 3, 1992. The MOA specified that a 

comprehensive study of the water resources of the basins would be conducted, in 

partnership among the states and the Corps, to develop the needed water resources data 

and to investigate the feasibility of implementing an interstate coordination mechanism 

(compacts) for resolving water resources issues in the ACT and ACF River Basins. The 

MOA contained a “live and let live” provision for water use in the basins while the 

ACT/ACF Comprehensive Study and negotiations were conducted. This approach 
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permitted existing water users to reasonably increase water withdrawal amounts for the 

period necessary to negotiate a solution to the water issues. The MOA also specified that 

the Corps would operate the federal reservoirs in the ACT and ACF River Basins, within 

its statutory and contractual obligations, to maximize water resource benefits to the 

basins as a whole while taking into account the needs of existing water users and the need 

to maintain the historic flow regime in the rivers within the basins.  

 

Subsequent supplemental MOAs extended the term of these agreements and continued to 

include the “live and let live” provisions. The Comprehensive Study partners 

recommended river basin compacts between the states as the mechanism for negotiation 

of water allocation formulas and management of the basins. The “live and let live” 

provisions were incorporated into the Interstate River Basin Compacts for each basin, 

signed into law by the President in November 1997; the MOAs were allowed to expire in 

September 1998. 

 

It was envisioned that the Comprehensive Study would recommend, among other things, 

a conceptual plan for management of water resources in the ACT and ACF River Basins, 

including management of the federal and non-federal reservoirs within the basins; an 

assessment of existing and future water resource needs; the extent of water resources 

available within the basins to serve such needs; and an appropriate mechanism to 

implement management of the basins. The Comprehensive Study reports were never 

finalized, although much useful data on water resource needs and availability was 

generated and assessment and modeling tools were developed to assist in resource 

assessment and management of the basins.  

 

Compact negotiations began in early 1998, with a December 31, 1998, deadline for 

reaching agreement on the water allocation formulas. By mutual agreement and in 

accordance with the provisions of the Compacts, the states extended the deadline 

numerous times. Nevertheless, the State Commissioners (governors of each state) were 

unable to reach an agreement on an equitable apportionment of the waters in either basin, 

and the Compacts were allowed to expire in August 2003 (ACF River Basin) and in July 
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2004 (ACT Basin). Upon expiration of the ACT and ACF Compacts, Alabama and 

Florida reactivated their previous litigation and filed new litigation, resulting in a stay of 

any action by the Corps related to implementation of any new water supply contracts or 

changes in reservoir storage or water control operations. The states asserted in this 

litigation that water control operations in the ACF River Basin are not being conducted in 

accordance with approved water control plans, Corps regulations, and federal law. The 

ACF Claims have been consolidated as Multiple District Litigation to be heard by one 

judge with proceedings to be held in the District Court for the Middle District of Florida. 

   

Court-ordered mediation between the parties was initiated in March 2006 for both the 

ACT and ACF litigation. It expired in March 2007 (ACF River Basin) and in September 

2007 (ACT Basin). On January 30, 2008, Secretary Geren directed the Corps to proceed 

with updating the water control plans for the ACF River Basin. The Mobile District 

published the Notice of Intent (NOI) to prepare an Environmental Impact Statement (EIS) 

for the ACF water control manual update in the Federal Register on February 22, 2008.  

 

Water supply issues in the ACF River Basin were also the subject of litigation in the 

Federal District Court for the District of Columbia (D.C. Court) in December 2000, when 

the Southeast Federal Power Customers, Inc. (SeFPC) sued the Corps of Engineers, 

alleging that use of water from Lake Lanier for water supply was not authorized and that 

the power customers were not receiving appropriate credit for hydropower losses. A 

Settlement Agreement in that lawsuit between the Corps and the SeFPC and Lake Lanier 

Water Supply Providers was reached in January 2003, and it was approved by the D.C. 

Court on February 8, 2004. The Settlement Agreement includes a proposal for the Corps 

to enter into interim water storage contracts at Lake Lanier for several municipalities and 

local governments, with the potential for the interim water storage contracts to roll over 

to permanent reallocation storage contracts in the future. Efforts to implement the 

Agreement, however, could not proceed because of an injunction obtained by the State of 

Alabama in another federal court. That injunction was dismissed, and on December 21, 

2005, the SeFPC filed a motion with the D.C. Court to stay proceedings in the case 

pending completion of the NEPA process contemplated by the Settlement Agreement.  
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In January 2006, the D.C. Court issued an order granting the stay and specifically stating 

that the stay of the litigation would not release the Corps from its existing legal obligation 

to implement the settlement agreement as expeditiously as practicable. On June 16, 2006, 

the Mobile District published in the Federal Register an NOI to prepare an EIS to address 

the proposed interim storage contracts. Public scoping meetings were held in November 

2006, and a final Scoping Report was published in February 2007. The States of Alabama 

and Florida appealed the SeFPC D.C. Court decision to the D.C. Circuit, and arguments 

were heard in November 2007. On February 5, 2008, the D.C. Circuit held the Settlement 

Agreement invalid because it constituted a water allocation of more than 20 percent 

without congressional consent, in violation of the Water Supply Act of 1958. The State of 

Georgia filed a petition for a writ of certiorari with the Supreme Court on the decision by 

the D.C. Circuit.  The petition was denied by the Supreme Court on January 12, 2009. 

 

On November 1, 2007, the governors of Alabama, Florida, and Georgia met with 

Executive branch leaders (Secretary of the Department of the Interior, Chairman of the 

Council on Environmental Quality [CEQ], Chief of Engineers) to discuss strategies for 

developing solutions to the decades-long “Water Wars” between the three states. The 

resulting discussions focused primarily on the ACF system and the need for the states to 

agree on a drought water-management plan. The mutually agreed-upon deadline was 

March 1, 2008. The negotiations did not reach an agreement and ended on the agreed-

upon deadline date. 

 

The appendices to the Draft 1989 Master Water Control Manual include federal-

reservoir-specific water control plans that outline the regulation schedules for each of the 

five projects, including operating criteria, guidelines, rule curves, and specifications for 

storage and releases from the reservoirs. 

 

The reservoirs in the ACF system are operated to provide for the authorized purposes of 

flood risk management (previously referred to as flood control), fish and wildlife 

conservation, navigation, hydroelectric power generation, water supply, water quality, 

and recreation. To provide the authorized project purposes of navigation, certain fish and 
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wildlife needs, hydroelectric power, certain water supply needs, recreation, and water 

quality, flow must be stored during wetter times of each year and released from storage 

during drier periods. Traditionally, this means that water is stored in the lakes during the 

spring and released for authorized project purposes in the summer and fall. In contrast, 

some authorized project purposes such as lakeside recreation, water supply, and lake fish 

spawning are achieved by retaining water in the lakes throughout the year or during 

specified periods. The conflicting water demands require that the Corps operate the 

system in a balanced operation in an attempt to meet all the authorized purposes while 

continuously monitoring the total system’s water availability to ensure that minimum 

project purposes can be achieved during critical drought periods.  

 

To help do this, the Corps has defined four Action Zones in each of the major ACF 

storage projects––Buford, West Point, and Walter F. George. Action Zone 1, the highest 

in each lake, defines a reservoir condition where all authorized project purposes should 

be met. As lake levels decline, Action Zones 2 through 4 define increasingly critical 

system water shortages and guide the Corps in reducing flow releases as pool levels drop 

as a result of drier-than-normal or drought conditions. The Action Zones also provide a 

guide to the Corps to help balance the remaining storage in each of the three major 

storage reservoirs.  

 

Corps regulations require developing a water control plan for each reservoir project, as 

well as basin water control manuals for the coordinated operation of multiple projects 

within a river basin. They also require that these manuals be updated or revised as 

necessary to conform with changing requirements due to developments in the project area 

and downstream, improvements in technology, new legislation, and other relevant 

factors, provided such revisions comply with existing federal regulations and established 

Corps policy. The water control plans for the Corps reservoir projects in the ACF River 

Basin are out-of-date and need to be updated. The last approved Apalachicola River 

Basin Reservoir Regulation Manual is dated 1959. Although separate water control plans 

for each federal reservoir project in the ACF River Basin have been prepared, many of 

them need to be updated. As stated previously, the Master Manual for the ACF River 
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Basin was updated in 1989, but never finalized. Although the 1989 draft plan was never 

finalized, the Corps has continued to operate the ACF in accordance with it, making 

small changes or adjustments as circumstances required. Coordination and consultation 

under the Endangered Species Act has been accomplished for project operations as the 

need arose, although formal consultation for the basin-wide manual operations has not 

been completed. 

 

The Corps now intends to proceed with updating those water control plans and the basin 

manual for the ACF. The proposed updates of the water control plans and manual are 

intended to reflect current operations as they have evolved due to changing conditions in 

the basins and would fully comply with agency regulations and federal laws. The states 

and other stakeholders would be involved in developing the plans. The process of 

updating the water control plans, subject to the availability of funds, is estimated to take 

approximately three years. It would include public involvement and analysis under the 

National Environmental Policy Act (NEPA) and consultation under the Endangered 

Species Act. Updating the water control plans and manuals would provide a baseline from 

which future studies or reallocations would be based, and it would provide a way to 

capture the Corps’ current operating environment. 
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2.0 Scoping Process Summary 
The National Environmental Policy Act is a “full disclosure” law, providing for public 

involvement in the NEPA process. All persons and organizations that have a potential 

interest in major action proposed by a federal agency––including other federal agencies, 

state and local agencies, federally recognized Native American Indian tribes, interested 

stakeholders, and minority, low-income, or disadvantaged populations––are encouraged 

to participate in the NEPA process. 

 

The CEQ regulations implementing NEPA direct federal agencies that have decided to 

prepare an Environmental Impact Statement (EIS) to engage in a public scoping process. 

The purpose of scoping is to determine the range of issues to be addressed and to identify 

the significant issues to be analyzed in depth with respect to the proposed action and 

alternatives.  

 

Following the decision to prepare an EIS for implementation of an updated Master Water 

Control Manual for the ACF River Basin, the Corps initiated the scoping process. The 

Corps’ objectives for scoping were to identify public and agency concerns; clearly define 

the environmental issues and alternatives to be examined in the EIS, including the 

elimination of nonsignificant issues; identify related issues that originate from separate 

legislation, regulations, or Executive Orders (e.g., endangered species or environmental 

justice concerns); identify state and local agency requirements that must be addressed; 

and identify available sources of data, studies, or tools that could provide information 

valuable in preparing the EIS.  

 

The Corps’ overall scoping process consisted of the following elements. 

• Publishing a Notice of Intent (NOI) to prepare an EIS in the Federal Register.  

• Publishing an announcement of the dates and locations of five public scoping 

meetings in the Federal Register. 

• Updating the existing mailing list by means of an initial postcard requesting 

accurate contact information. 

• Distributing a newsletter and a public notice announcing public scoping meetings 
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and locations to federal, state, and local agencies and officials; stakeholders; and 

other interested parties. 

• Preparing and launching a Web site that described the NEPA process and all the 

public involvement activities planned during EIS preparation and served as a tool 

for collecting public comments and updating the project mailing list. 

• Distributing a press release to media outlets. 

• Sending agency scoping and tribal consultation letters by email. 

• Sending agency scoping and tribal consultation letters by the U.S. Postal Service. 

• Holding a federal agency meeting and web conference to inform the agencies and 

solicit comments. 

• Hosting a Stakeholder's Workshop to share the new and improved version of 

reservoir simulation software called HEC-ResSim with all stakeholders groups 

involved with water management issues in the basin. 

• Holding five public scoping meetings to inform the public about the proposed 

action and to solicit oral and written comments on the issues that should be 

addressed in the EIS. 

• Reviewing and evaluating the oral and written comments received during the 

open comment period. 

• Publishing the scoping report on a Web site at www.acf-wcm.com. 

• Distributing a newsletter announcing publication of the scoping report to federal, 

state, and local agencies and officials; stakeholders; tribes and other interested 

parties. 

 

2.1 Initiating Scoping: Notice of Intent  
On February 22, 2008, the Corps published in the Federal Register an NOI to prepare an 

EIS for the proposed implementation of the updated ACF Master Manual. On 

September 19, 2008, a supplement to the NOI was published in the Federal Register to 

invite the public to participate in the NEPA scoping process. The supplemental NOI 

provided details on the dates and locations of the five open-house-style public scoping 

meetings scheduled at various locations throughout the ACF River Basin, as well as 
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information explaining the various methods to be used to collect comments from the 

public for consideration in preparing the Draft EIS. The notice listed Mr. Brian Zettle 

(USACE Mobile District) as the point of contact for questions regarding the manual 

update or the NEPA process. Copies of the Federal Register notices are provided in 

Appendix A. 

 

2.2 Public Notices 
A press release summarizing the proposed action and the dates, times, and locations of 

the public scoping meetings (Appendix B) was posted on the USACE Web site at 

www.sam.usace.army.mil. It was also delivered to newspapers and radio and television 

stations throughout the basin (Tables 2 and 3). In addition to providing information on 

the USACE Web site, the Corps also launched a project-specific Web site, www.acf-

wcm.com, to provide another avenue for communicating information to stakeholders 

about the EIS and Master Manual update, as well as to provide for Web-based comment 

submission during the scoping period.  

 

A newsletter containing the same information as the press release (Appendix C) was sent 

to more than 3,800 stakeholders, including federal agencies, state agencies, appropriate 

federally recognized Native American Indian tribes, local agencies and officials, public 

interest groups, private organizations, individuals, and other interested parties. The 

newsletter was distributed through the U.S. Postal Service and electronically, if an email 

had been provided. 
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Table 2. Newspapers that Received Press Releases 

Publication Location 
Abbeville Herald Abbeville, Alabama 
Albany Herald Albany, Georgia 
Atlanta Journal Constitution Atlanta, Georgia 
Columbus Ledger-Enquirer Columbus, Georgia 
The Decatur Daily Decatur, Alabama 
Dahlonega Nugget Dahlonega, Georgia 
Dothan Eagle Dothan, Alabama 
Eufaula Tribune Eufaula, Alabama 
Forsyth County News Cumming, Georgia 
Georgia Outdoor News Madison, Georgia 
Gainesville Times Gainesville, Georgia 
Gulf County Breeze Gulf Breeze, Florida 
Gwinnett Daily Post Gwinnett County, Georgia 
Jackson County Floridian Marianna, Florida 
LaGrange Daily News LaGrange, Georgia 
Lanette Valley Times Lanette, Alabama 
Montgomery Advertiser Montgomery, Alabama 
Mundo Hispanico Atlanta, Georgia 
Opelika Auburn News Opelika, Alabama 
Pensacola News Journal Pensacola, Florida 
Tallahassee Democrat Tallahassee, Florida 

 
Table 3. Television and Radio Stations that Received Press Releases 

Name City 
WRBL TV (Channel 3, CBS) Columbus, Georgia 
WSB TV (Channel 2, ABC) Atlanta, Georgia 
WTVM TV (Channel 9, ABC) Columbus, Georgia 
WXIA TV (Channel 11, NBC) Atlanta, Georgia 
WGCL TV (Channel 46, CBS) Atlanta, Georgia 
WDUN (550 AM) Gainesville, Georgia 
WMJE (102.9 FM) Gainesville, Georgia 
WGST (640 AM) Atlanta, Georgia 
WSB Radio (98.5 FM) Atlanta, Georgia 

 

The project mailing list was developed from an existing Corps-maintained database of 

stakeholders with an interest in activities within the ACF River Basin. A postcard was 

sent to stakeholders to give them an opportunity to update their information to include an 

email address, provide an alternative contact’s email address, state whether they would 

like to continue to receive mail through the U.S. Postal Service, or remove their name 

from the mailing list.  
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At this time, there are more than 4,500 stakeholders on the mailing list.  As other 

interested parties are identified, they have been added to the mailing list, which will be 

updated continually throughout the development and finalization of the EIS. Anyone 

requesting information or notice regarding the EIS will be added to the mailing list. 

Participants in the public and interagency scoping meetings have been added to the 

project mailing list as well. 

 

2.3  Native American Indian Tribal Consultation  
Government-to-government tribal consultation notices (Appendix D) were sent 

electronically October 1, 2008, and through the U.S. Postal Service on October 15, 2008, 

to 26 federally recognized Native American Indian tribes in the United States. The 

consultation letters contained information regarding the update of the Master Manual, as 

well as announcements of the interagency and public scoping meetings. The letters also 

requested a response with respect to interest in participating in a consultation meeting 

regarding the EISs for both the ACF and ACT River Basins. The meeting was planned 

for November 13, 2008, in Spanish Fort, Alabama, outside Mobile. Mr. Tommy Birchett, 

an archaeologist with the Mobile District, was identified as the point of contact for 

responses. 

 

Seven tribes of the 26 responded to the initial electronic mailing, several of which 

mentioned schedule conflicts. Ultimately, only the Choctaw Nation of Oklahoma 

expressed interest in attending the meeting November 13, 2008.  

 

A final mailing was sent electronically as a follow-up to ensure that no other tribes were 

interested in participating in government-to-government consultation at the time. Given 

the limited response, the Corps chose to coordinate with the tribes through email for the 

time being and referred the tribes to the various resources available online to find out 

more about the proposed Corps action.  

 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

25

2.4  Federal Agency Web Conference 
On September 26, 2008, the Corps sent an electronic invitation to attend a federal agency 

web conference to the points of contact previously identified in the ACF River Basin. A 

follow-up announcement was distributed October 6, 2008, to remind agencies of the 

meeting and request their participation in a pre-meeting agenda planning tool. An online 

survey was created to collect input from the agencies, and it was later used to establish 

the web conference agenda. The web conference was held October 9, 2008, at the Mobile 

District office in Mobile, Alabama. The purpose of the meeting was to provide 

background information on and an open discussion about updating the Master Manual. 

The meeting was also used to gather existing data and additional information that can be 

used in developing the Draft EIS. 

 

Thirty representatives from 11 federal agencies participated in the web conference. In 

addition to presenting background information on the update of the Master Manual, the 

Corps provided information on the NEPA process and discussed the resource areas that 

would likely be considered in the EIS. A summary of the issues raised during the web 

conference is provided in Section 4.6 of this report. The meeting agenda and presentation 

are in Appendix E. 

 

2.5 HEC-ResSim Technical Modeling Workshop 
The Hydrologic Engineering Center (HEC) has developed a new and improved version of 

reservoir simulation software called HEC-ResSim. In recognition of HEC-ResSim's 

sophisticated computational abilities and maturity as a generalized model, the Mobile 

District began working with HEC to modernize its ACT and ACF reservoir modeling 

applications using HEC ResSim.  The more powerful system modeling functions and 

ability to incorporate custom logic into water management decisions proved improved 

capability to actual operations and allow greater flexibility for evaluating alternatives. 

 

In the interest of transparency and cooperation, the Mobile District and HEC hosted a 

workshop to share the new tools and data with all stakeholders groups involved with 

water management issues in the basin. The workshop took place at Jim Woodruff Lock & 
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Dam from 30 September – 2 October 2008, and focused entirely on technical topics.  A 

total of twenty-eight modelers attended the workshop representing three federal agencies, 

three state agencies, one university, and five private consultants representing the 

stakeholders. 

 

The session proved very successful regarding it objectives: 

• Introduce the participants to the HEC-ResSim software. 

• Initiate technology transfer by providing the participants with a copy of the 

software and ACT/ACF Models; walk the participants through the model; and 

answer questions.  

• Foster relationships by continuing long standing technical working relationships 

with stakeholders. 

 

 A copy of the workshop announcement and agenda is provided in Appendix F. Mobile 

District and HEC continue to refine the HEC-ResSim models of the ACF system, with an 

informed stakeholder group. 

 

2.6  Public Scoping Meetings 
Public scoping meetings for the ACF River Basin were held on the following dates at the 

times and locations noted: 

• Monday, October 20, 2008: Franklin County Courthouse, Apalachicola, Florida, 

5:00 p.m.–8:00 p.m. 

• Tuesday, October 21, 2008: Dothan Convention Center, Dothan, Alabama, 

5:00 p.m.–8:00 p.m. 

• Wednesday, October 22, 2008: Callaway Center at West Georgia, LaGrange, 

Georgia, 5:00 p.m.–8:00 p.m. 

• Thursday, October 23, 2008: Cobb County Government Civic Center, Hudgins 

Hall, Marietta, Georgia, 4:00 p.m.–7:00 p.m. 

• Wednesday, October 29, 2008: Georgia Mountain Center, Gainesville, Georgia, 

5:00 p.m.–8:00 p.m. 
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The venues were chosen on the basis of accessibility to the public throughout the ACF 

River Basin. An open house format was used at each meeting, and information stations 

with displays (Appendix G) and handouts (Appendix H) were available for viewing. 

Subject matter experts from the Corps and environmental contractors staffed each station, 

where information about the following was provided: 

• The Water Control Manual for the ACF River Basin 

• Water management and federally authorized project purposes 

• Modeling tools 

• The NEPA process and EIS development 

• Environmental resources 

• Socioeconomics 

 

In addition, a welcome station, media station, written comments station, and court 

reporter were available to provide information and accept oral and written comments.  

A total of 1,018 stakeholders participated in the 5 public scoping meetings. A breakdown 

of participation by meeting location is shown in Table 4. 

 

Table 4. Participants by Scoping Meeting Location 

Date Location Attendance 
October 20, 2008 Apalachicola, Florida 135 
October 21, 2008 Dothan, Alabama 24 
October 22, 2008 LaGrange, Georgia 365 
October 23, 2008 Marietta, Georgia 93 
October 29, 2008 Gainesville, Georgia 401 

 Total 1,018 
 

Following sign-in, a brief presentation was offered to introduce participants to the format 

of the public scoping meeting and to clarify the purpose of the meeting. Corps experts 

and environmental contractors were available at stations to answer questions and accept 

comments. Laptop computers were set up to accept comments electronically through the 

project Web site. A staff member was on hand to help participants to use the computers. 

Comment forms were also available at the written comments station. Also, a court 

reporter was available at each meeting to accept oral comments. Appendix I contains the 
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oral comment roster. Transcripts of the oral comments are included in Appendix J, which 

contains all the comments the Corps received during scoping.  

 

2.7  Scoping Comments 
A total of 2,269 comments were submitted by 643 individuals, organizations, and 

agencies during the formal scoping period, which ended November 21, 2008. Comments 

were submitted to the Corps through all available options––U.S. Postal Service, email, 

Web site, fax, verbal transcription, or in person at one of the scoping meetings. Copies of 

all the public and agency comments received during the scoping process are presented in 

Appendix J.  

 

Scoping continues throughout the preparation of an EIS. The Corps will accept and 

consider all comments regardless of when they are submitted. However, comments 

submitted after November 21, 2008, are not represented in this scoping report. 
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3.0 Scoping Comment Analysis 
The scoping process for the EIS for implementation of an updated Master Water Control 

Manual for the Apalachicola-Chattahoochee-Flint River Basin) resulted in the 

submission of comments from 643 individuals, organizations, and agencies and two 

petitions. As described in Section 2 of this report, the Corps received oral and written 

comments by U.S. Postal Service, email, on Web site forms, and at public scoping 

meetings. In the next stages of the EIS process, these comments will be used to determine 

the scope and content of the Draft EIS. Note that the Corps does not endorse or validate 

the content of the comments received. 

 

The 2,269 comments received were categorized into 12 comment areas categories: Water 

Management Recommendations; Socioeconomics and Recreation; Biological Resources; 

Drought Operations; Water Quality; Water Supply; National Environmental Policy Act; 

Data, Studies, and Analytical Tools; Navigation; Hydropower; Flood Risk Management; 

and Other Resources.  Some of the categories were further divided into subcategories to 

present the stakeholders’ issues and recommendations more clearly. Table 5 provides the 

total number of comments by category.  Appendix K contains all of the comments 

received sorted by issue area. 

 

When considering the numbers represented in Table 5, it is important to note that some 

comments might be defined by more than one category. Also important to note is that 

some of the comments received were submitted by entities or organizations representing 

a specifically identified number of individuals. These letters are accounted for in the 

same manner as correspondence received from elected officials written on behalf of their 

constituents. They are counted as one submission. Statistically, the petitions were 

accounted for separately as presented in Section 3.13.  
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 Table 5. Comments Categorized by Segment 

Category Number of 
Comments 

Water Management Recommendations  868 
Socioeconomics and Recreation 404 
Biological Resources  284 
Drought Operations 191 
Water Quality 155 
Water Supply  117 
National Environmental Policy Act 79 
Data, Studies, and Analytical Tools  56 
Other Resources 52 
Navigation 28 
Hydropower 26 
Flood Risk Management 9 

Total 2,269 
 

3.1 Water Management Recommendations 
The Corps operates federal reservoirs in the ACF River Basin to satisfy the following 

congressionally authorized project purposes; fish and wildlife conservation, flood risk 

management, hydroelectric power generation, navigation, recreation, water supply, and 

water quality. Eight hundred sixty-eight comments were related to the management of 

project purposes and Corps operations of the ACF River Basin. These comments were 

further divided into six subcategories: (1) Existing Water Management Practices, (2) 

Water Management Suggestions, (3) Demands and Needs, (4) Conservation, (5) 

Alternatives, and (6) Other. Figure 2 presents the distribution of comments regarding 

water management recommendations.  
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Water Management Recommendations

Alternatives
46%

Conservation
3% Other
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Demand vs. Need
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19%

Existing Water 
Management Practices

12%

 
Figure 2.  Distribution of comments among Water Management Recommendations 

subcategories. 

 

3.1.1 Existing Water Management Practices 
The Corps received 103 comments critiquing the manner in which the water management 

activities in the ACF River Basin are carried out. The comments regarding Lake Lanier 

addressed the low lake levels and their effects on recreation, safety, property values, the 

environment, and aesthetics. One commenter stated, “Sometimes it's embarrassing. I have 

relatives that call from all over the United States and make jokes about do I have water in 

my lake.” Another said, “We also had dead mussels on the dry land at our house when 

the water was down.” Others called attention to a gauge error that occurred in 2006, 

citing the error as a contributor to the low lake levels that followed. Some questioned the 

Corps’ decisions to make releases from Lake Lanier at the beginning of the drought, 

given the small drainage area upstream and the known difficulty in refilling. Others 

questioned why water continues to be released from Lake Lanier even when the pool 

elevation is 22 feet below normal. A few commenters expressed their perception of 

preferential treatment of upstream users to the detriment of downstream users. A 

representative of Gwinnett County, citing paragraph 6d of Engineer Regulation (ER) 

1110-2-240, stated, “We do not believe that the present Interim Operations Plan and its 
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modifications follow this COE rule.” Another commenter stated that downstream lakes 

have recovered from their low levels, but continued releases from Lake Lanier in excess 

of inflow have not allowed its recovery.  

 

Those commenting about West Point Lake complained primarily of low lake levels and 

the impact on recreation and recreational safety. One commenter stated that “[c]onditions 

of a low pool are extremely hazardous to those who use the lake for recreation and as a 

means of daily sustenance.” Others questioned whether the Corps is operating West Point 

Lake in accordance with the congressional authorization. The West Point Lake Coalition, 

for example, stated that “the Corps operates West Point Lake specifically and the ACF 

system in general in a way that ignores the original, PRIMARY congressional 

authorizations as a group and focuses extensively on flood risk management as well as 

downstream and upstream demands that do not meet the purposes set forth by Congress. 

It appears that the Corps has established the flood risk management authorization as THE 

primary purpose….”  Some suggested that the Corps needs to take a more proactive 

approach to the creeks that feed into the lake by dredging them to prevent flooding of 

low-lying areas. 

 

Some commenters were concerned about flows in the open-river sections downstream of 

the reservoirs. Some, such as the Alabama Department of Conservation and Natural 

Resources (ADCNR), expressed concern that “the water management policies of the past 

have often resulted in a degradation of the ecological integrity of a river ecosystem, 

which in the case of wildlife has led to a decrease in biodiversity and species 

sustainability.” ADCNR added, “To protect ecological integrity, we need to mimic 

components of natural flow variability, taking into consideration the magnitude, 

frequency, timing duration, rate of change and predictability of flow, and sequencing of 

such conditions.” Others were concerned that growth in the Atlanta regions will cause the 

Corps to modify its operations of Lake Lanier to the detriment of the downstream uses of 

water supply and waste assimilation. The Columbus Water Works expressed concern that 

current operations do not pay adequate attention to Chattahoochee River flows in the 

middle stretch of the river and the minimum flow obligations of Georgia Power Company 
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projects operating under a Federal Energy Regulatory Commission (FERC) license. A 

number of commenters were concerned that current operations favor endangered species 

(mussels) over people. 

 

3.1.2 Water Management Suggestions 
A total of 132 comments provided suggestions regarding potential modifications to 

current water management practices and water control manuals. The comments from 

federal, state, regional, and local agencies are discussed in more detail in Section 4. The 

U.S. Environmental Protection Agency (EPA) identified a number of issues for inclusion 

in the updated water control manuals, including a discussion of how operations have 

changed historically, drought contingency operations, compliance with new 

environmental requirements for water quality and endangered species, use of real-time 

data, and streamlining data exchange between agencies. The U.S. Fish and Wildlife 

Service (USFWS) provided a number of suggestions for consideration in updating the 

water control manuals. The USFWS requested that the Corps develop a summary of the 

current operating rules for each project, an explanation of their basis in congressional 

authorization, and a description of the Corps’ discretion to change the operating rules. 

The USFWS recommended a comprehensive process for determining how ecological and 

social benefits could be increased by modifying the operation of the federal projects and 

suggested that the Corps consider the impacts of increasing consumptive demands in the 

ACF River Basin. 

 

The Alabama Office of Water Resources (AOWR) stated that “[u]nless the Corps 

undertakes the revision to the Water Control Manuals in a manner that is consistent with 

federal law, including the recent decision of the United States Court of Appeals for the 

D.C. Circuit, the current effort will not help resolve the long-running controversy over 

the ACF River Basin.” AOWR further suggested that the update of the water control 

manuals focus on authorized purposes by assessing whether any changes in baseline 

conditions are necessary to comply with existing laws and regulations. The Florida 

Department of Environmental Protection (FDEP) stated, “The master manual must 

clearly describe not only the relative priorities of each of the ACF reservoirs, but also 
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how those priorities and additional uses and demands will be accommodated.” FDEP also 

suggested that the NEPA process evaluate Corps operations throughout the ACF River 

Basin. The Georgia Environmental Protection Division (GAEPD) stated that “[i]t should 

be noted that the issuance of water withdrawal permits from Lake Lanier and the 

withdrawal and consumption of water from the ACF River Basin are state and local 

actions, not federal actions, and therefore should not be addressed within the scope of 

connected, cumulative, and similar federal actions.” The Atlanta Regional Commission 

suggested that the Corps consider all reasonable alternatives; operate the ACF projects in 

accordance with their congressionally authorized purposes; and address the needs of the 

middle and lower portions of the basin. Hall County, Georgia, suggested that the updated 

manuals rely on the most up-to-date factual information examining new and different 

ways of operating the ACF projects.  

 

The Students of River Basin Management at Florida State University provided several 

suggestions, including potentially revising the Action Zones, incorporating the Revised 

Interim Operating Plan (RIOP) into the updated manuals, defining the process of 

balancing the reservoirs, and incorporating adaptive management. One commenter was 

concerned that net local inflow accounts for not only streamflow into the reservoir but 

also consumptive depletions and evaporation from the reservoirs, which could adversely 

affect the computed inflows used in the RIOP. Another commenter encouraged further 

revision of the RIOP to limit the adverse effect on Lake Lanier. One commenter 

encouraged the use of HEC-ResSim to assist in developing new operating rules for the 

ACF projects and suggested that the water control plan consider effects on the 

Apalachicola River and Bay. The West Point Lake Coalition requested that the “winter 

drawdown” be no lower than elevation 633 feet.  

 

One commenter suggested that the Corps’ updated Master Manual can be a critical tool in 

achieving joint agreement in interstate water management. Some commenters suggested 

that the updated manuals must be scientifically based and establish an equitable 

distribution of the waters of the ACF River Basin. One commenter suggested reducing 

releases from Lake Lanier when rain occurs in downstream portions of the ACF River 
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Basin. Another commenter observed that the Flint River has not been developed in 

accordance with the original comprehensive plan for the ACF River Basin and that 

additional reservoirs would be helpful in solving the interstate water issues.  

 

The Association of County Governments of Georgia (ACCG) stated, “Updating the plan 

should include new methods of forecasting runoff and modeling to ensure that the Corps 

ACF reservoirs, particularly Lake Lanier, are allowed to reach full pool no later than June 

1st of each year and are as full as practical during drought conditions while still meeting 

downstream, legally-required flows.” Numerous other commenters agreed with the idea 

of refilling Lake Lanier by June 1 of each year. Sixty-six comments encouraged 

balancing of project purposes. They indicated that all interests should be considered and 

evaluated and that upstream and downstream needs are equally important. One 

commenter suggested that “[t]here is sufficient water in the basin to meet reasonable 

needs for municipal and industrial water supply without causing harm to the environment 

or to other users if, but only if, the reservoirs are managed wisely.” 

 

Fifteen comments encouraged a reduction in dependence on West Point Lake for meeting 

downstream needs. The Mayor of LaGrange, the West Point Lake Coalition, and the 

Troup County Chamber of Commerce all stated that “the project has been used as, using 

the Corps terms, ‘the workhorse’ of the basin. Nowhere in the Congressional 

authorization does Congress empower the Corps to take the resources at West Point and 

to use them exclusively for purposes other than those set by Congress.” A similar 

sentiment was expressed by 12 other commenters. One commenter suggested that faster 

reaction to changing conditions is needed and that there is no time for “lots of studies.” 

Five comments regarding monitoring were received. EPA suggested that “employing this 

same type of concept [referring to GAEPD’s process for monitoring water quality] in 

other areas would greatly enhance the ecological sustainability of the aquatic systems 

affected by construction, maintenance and operation of federal projects within the ACF 

watershed basin.” Another commenter suggested real-time monitoring for river flows in 

the Atlanta area to tailor releases to exactly what is needed. ACCG urged that “any new 

Water Control Plan not simply tweak or replicate the Corps existing operations. Instead, 
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alternative operating plans must be developed using modern inflow forecasting and 

modeling to meet the agreed upon performance measures that will manage our shared 

water resources much more effectively both now and into the future.”   

 

There were five comments regarding sharing the effects of drought throughout the ACF 

River Basin. One commenter expressed the opinion that “[a]ll communities benefiting 

from the Lanier withdrawals should be on the same water restrictions as those at Lake 

Lanier even if they have sufficient water while we are in a draught [sic]!” Another 

commenter described this notion as “sharing the pain.” Two comments encouraged 

conservative operations of the reservoirs to maintain higher pool levels. Seventeen 

commenters suggested conserving storage by reducing releases and withdrawals during 

drought times. One commenter stated, “Too much water has been allowed to flow 

downstream. Lake Lanier has been adversely affected by the drought and excessive 

outflow of lake water.” Another commenter suggested that releases above natural river 

flows should not be made when the lakes are in Action Zones 2–4. All 17 commenters 

shared the view that releases should be reduced until Lake Lanier has recovered.  

 

3.1.3 Demands and Needs 
Forty-six comments fell into the Demands and Needs category. Of these, 31 comments 

expressed concern regarding the ability of the federal projects in the ACF River Basin to 

meet downstream needs. Among the needs identified were minimum flow needs in the 

middle Chattahoochee portion of the basin; the needs of industry, such as the Farley 

Nuclear Plant; and ecosystem needs in the Apalachicola River and Apalachicola Bay. 

Some commenters believed that upstream needs for water supply and recreation should 

receive greater emphasis than downstream needs. Others were concerned that the 

Apalachicola River and Apalachicola Bay should be protected with adequate water flow.  

Twelve commenters were concerned about the adequacy of water resources to meet 

future water needs. One commenter stated, “The new Water Control Plan should be 

designed to accommodate withdrawals consistent with projections contained in the 

Metropolitan North Georgia Water Planning Districts Water Supply and Conservation 

Plan.” Another commenter suggested, “Consideration should be given looking at future 
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population projections and water demands from the river.” Three comments addressed 

the subject of growth management. One commenter observed that “[t]he man made 

problems of uncontrolled development which requires more water than is available 

without the least bit of concern for others in continuing development is more than we 

should or can be expected to swallow.” Another commenter asked “future growth and 

development in Atlanta to demonstrate where water supply will come from to support 

planned growth.” 

 

3.1.4 Conservation 

The Corps received 27 comments related to water conservation. One commenter 

observed that conservation measures in the Atlanta area were effective. Another 

suggested that the region through the “Metropolitan North Georgia Water Planning 

District is far ahead of the rest of the basin in these efforts and is currently revising its 

Water Supply and Conservation Plan to be even more aggressive.” Several commenters 

encouraged implementation of basin-wide conservation measures. Another commenter 

suggested that conservation measures should be developed for water uses in addition to 

water supply. According to one commenter, conservation measures should be 

incorporated into the Master Manual update. 

 

3.1.5 Alternatives 
There were 440 comments that suggested alternatives to be considered as part of the 

update of the Master Manual. A large portion of the comments received were associated 

with maintaining or raising full pool water levels at Lake Lanier and West Point Lake. 

Specifically, commenters would like Lake Lanier to remain at 1,071 feet or to be raised 

to 1,073 feet. Comments regarding West Point Lake requested eliminating the winter 

drawdown and maintaining the lake at between 633 and 635 feet. Other commenters 

suggested adopting “management triggers” for Lake Lanier, stating that “[t]he new WCP 

should incorporate specialized provisions for managing Lake Lanier that reflect its 

distinctive characteristics and management needs. Without them, Lake Lanier is destined 

to be disproportionately impacted by draw-downs for downstream management, without 
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an ability to remain near full pool or to refill.”   

 

Twenty-four commenters suggested construction of additional reservoirs to meet future 

water supply and other water resources needs. Five commenters encouraged restoring a 

historic flow regime to the Apalachicola River. One commenter suggested that some 

control of inter-basin transfers is needed. Four commenters suggested desalination as a 

potential source for future water supply, and four suggested a pipeline to bring Tennessee 

River water to the Atlanta area as a potential solution. Three commenters suggested that 

closing Bob Sikes Cut should be part of a solution to salinity problems in Apalachicola 

Bay.  

 

Many of the alternatives suggested are outside the existing authority of the Corps and 

could not be implemented without additional congressional authority. Suggestions that 

are outside the existing Corps authority may be considered by conducting a feasibility 

study and making appropriate recommendations to Congress for their authorization. One 

authority for conducting such a feasibility study is Section 216 of the Flood Control Act 

of 1970, which authorizes studies to review the operation of completed federal projects 

and recommend project modifications "when found advisable due to significantly 

changed physical or economic conditions ... and for improving the quality of the 

environment in the overall public interest." Such studies are conducted under the General 

Investigation program and require cost-sharing from a local sponsor.  

 

3.1.6 Other 
There were 119 comments regarding water management that did not clearly fall within 

other subcategories and therefore were categorized as Other. These comments were wide- 

ranging and cannot be easily summarized. A couple of commenters  encouraged the 

Corps to conduct a thorough update, stating that “[o]nly the most thorough study and 

vetting resulting in a cultural change in the Corps understanding and management of the 

system will assure a basin that meets the needs for future generations.” Another 

commenter expressed frustration with the time required to update the Master Manual. 

Other commenters described the scoping process as a waste of time and money.  
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3.2 Socioeconomics and Recreation 
A total of 404 comments were categorized under Socioeconomics—the study of the 

relationship between economic activity and social life––and Recreation. Following 

review, the comments were further sorted into six subcategories: (1) Economics and 

Recreation; (2) Safety Hazards; (3) Environmental Justice; (4) Population Growth; (5) 

Shoreline Management; and (6) General Socioeconomic Issues. The percentage of 

comments assigned to each subcategory is shown in Figure 3. 

 

Socioeconomics and Recreation

Economics and 
Recreation

74%

Safety Hazards
12%

Environmental 
Justice

5%
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3% Population Growth
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Figure 3. Distribution of comments among Socioeconomics and Recreation 

subcategories. 

 

It is important to note that concerns regarding socioeconomics—employment, lost 

revenue, economic growth, property values, recreation, environmental justice, public 

safety—are the underlying message in far more than the 404 comments directly attributed 

to this category. Though more comments were assigned to the Water Management 

Recommendations category than to this category, a large percentage of those 

recommendations were centered on achieving more favorable socioeconomic conditions 

for stakeholders throughout the ACF River Basin. Summaries of the issues raised, by 
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subcategory, are provided in the following subsections. 

 

3.2.1 Economics and Recreation 
Recreation is a major economic driver for many of the communities in the ACF River 

Basin. In fact, recreation and economics are so closely intertwined in the comments 

provided by stakeholders that the two topics could not be disentangled. Of the 293 

comments assigned to this subcategory, about 80 percent regarded the effects of low 

water levels in Lake Lanier and West Point Lake; the remaining 20 percent addressed the 

effects of low water flows in the Chattahoochee River south of West Point Dam.  

Stakeholders in Georgia raised numerous issues regarding the adverse impacts that 

prolonged low and inconsistent water levels in lakes Lanier and West Point have had on 

the local, regional, and state economies. The issues raised include job and income losses 

for water-dependent and recreation/tourism-based businesses, sharp declines in property 

values, lost recreation opportunities and declining quality of life, and lost opportunities 

for economic growth. Many contended that the Corps has failed to take socioeconomic 

impacts into account in its water management practices. Several comments expressed a 

belief that the Corps is knowingly managing its dams to meet the downstream water flow 

needs of natural resources without regard for socioeconomic impacts on the people of 

Georgia. Many of the comments were submitted on behalf of large organizations or 

associations that represent the concerns of thousands of stakeholders. 

 

More than 30 comments were submitted by stakeholders in the middle and lower regions 

of the ACF River Basin and regarded the adverse economic and recreation impacts of low 

river flows in the Chattahoochee River south of West Point Dam. Alabama stakeholders 

raised issues regarding downstream flow requirements to meet hydropower project 

purposes and industrial users—critical components of the regional and state economy. 

Recreation is also a large economic driver in the eastern regions of the state, and low 

reservoir levels and river flow have affected the economy and quality of life for 

Alabamians. Florida stakeholders expressed great concern for the future of their seafood- 

and fishing-based economy, as well as the businesses that support that economy, 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

41

including tourism, if adequate water flow into Apalachicola Estuary and Bay is not 

maintained. Florida stakeholders expressed grave concerns that if minimum flows for the 

survival of the Apalachicola estuarine ecosystem are not maintained, the economy of the 

Apalachicola Bay region will collapse, with no possibility for recovery.  

 

Stakeholders offered an extensive list of basin-wide recommendations and actions that 

they believe the Corps should consider in updating the Master Manual and supporting 

EIS. The recommendations include the following:  

• Develop an economic study on the impact of various water levels on each region 

of the ACF River Basin. 

• Update the reservoir fisheries performance measures developed for the 1998 draft 

EIS for ACF water allocation (based on the findings of Ryder et al. [1995]) in 

light of any new information developed in the past 10 years, and use them to 

evaluate the relative impacts on reservoir sport fisheries of alternative operating 

plans. 

• Fully analyze the relationship between recreational use of the lakes and the direct 

and induced economic impacts. 

• Show scientific and economic facts to support flow requirements for downstream 

hydropower, endangered species habitat, and health of the seafood/oyster 

industry. 

 

Recommendations regarding Lake Lanier include the following:  

• Assess the negative impact of questionable water supply on future economic 

development efforts in Atlanta. 

• Provide federal assistance to lake property owners affected by cove erosion due to 

low lake levels. 

• Consider all options for alleviating adverse economic impacts on water-dependent 

businesses in Lake Lanier/Atlanta region. 

• Develop a new water control plan that ensures the best and highest use of Lake 

Lanier to protect the regional economy. 
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Recommendations regarding West Point Lake include the following:  

• Do not consider use of West Point Lake to support downstream navigation in any 

alternative operation plans without adequate study of the environmental and 

socioeconomic damages that could occur due to fluctuating water levels in the 

lake. 

• Include the results of the West Point Lake independent economic study in the EIS 

as support for developing alternative water control operations at the lake. 

• Restore and maintain all Corps-owned and -operated recreational facilities at 

West Point Lake. 

• Maintain West Point Lake at full pool during peak recreational times. 

• Perform a risk/benefit analysis of economics versus flood control for West Point 

Dam management practices. 

• Change the start of winter drawdown of West Point Lake from November to 

January to improve the economic situation. 

 

Recommendations regarding economic and recreation issues in the middle and lower 

reaches of the Chattahoochee River and Apalachicola Bay include the following:  

• Monitor boating access sites and strive to maintain water levels for recreational 

boating access. 

• Consider the positive socioeconomic and environmental benefits to Apalachicola 

River and Bay that would result from maintaining flows in the Chattahoochee 

River to support navigation. 

• Include in the EIS an analysis of the economic value of the vast ecosystem 

services and cultural values provided by adequate flow to Apalachicola Bay. 

• Conduct a comprehensive analysis of the economic, environmental, and social 

and cultural impacts tied to the loss of the traditional livelihoods of rural riparian 

counties and communities. 

• Examine the irreversible adverse economic impacts of the loss of the oyster 

fishery due to low river flows. 
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The following comments were also offered for the Corps’ consideration: 

• Install mooring balls in West Point Lake for overnight fishing or camping as 

another source of revenue for the Corps. Lease the areas where mooring balls are 

located to local marinas to develop this resource.  

• Charge market-based fees for the use of Corps-owned recreational facilities and 

retain the revenues to fund project operation and maintenance. 

 

3.2.2 Safety Hazards 
Stakeholders submitted about 50 comments regarding the safety hazards encountered by 

recreational users when reservoir levels are not maintained at adequate levels. 

Commenters point out that low water levels result in exposed or near-surface objects that 

pose great danger to boaters, as well as damage to recreational equipment.   Some 

commenters also state that low water levels are to blame for drowning due to sudden 

drop-offs or changes in terrain.  Commenters recommend that the Corps keep the 

reservoirs at full pool to avoid recreational safety hazards.  One commenter suggest that 

the Corps “[p]ermit dredging and removal of hazardous shallows/shoals in the primary 

thoroughfares, thereby adding additional water capacity to the lake and making the lake 

safer for navigation.” 

 

3.2.3 Environmental Justice 
Approximately 25 comments regarding socioeconomic impacts on low-income and 

minority populations were submitted. Individuals and organizations in and around West 

Point Lake expressed concern for the low-income and minority populations and 

communities that rely on the lake for recreation as well for supplemental sustenance. 

Comments from the non profit organization 100 Black Men of West Georgia states 

“[a]ctions which result in lower elevations of West Point Lake represent a potential or 

threat of denial of access to recreational resources for minority and low income 

populations in the West Georgia and East Alabama.”   The organization further states that 

the Corps is ignoring the original authorized purpose of recreation, ‘[a]nd the needs and 

expectations of minority and lower income households in west Georgia and east Alabama 
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 They  ask the Corps “[e]ngage far more intensely and with a great deal more 

thoroughness in addressing environmental justice issues at West Point Lake.  The West 

Point Lake Advisory Council requests that the Corps ensure recreational access for low-

income families.  One commenter contends that the “[i]ssue of ensuring recreational 

access for low income and minority families that the West Point Lake Advisory Council 

is attempting to push is ridiculous.” The comment goes on to say that the population 

affected are those wealthy enough to own a house with boat dock on the lake, not the 

poor, and the rich are trying to use the Environmental Justice issue to help themselves.  

Several comments were also made regarding the loss of income for many low-income 

families that rely directly on the lakes and rivers for their income. Concerns were raised 

that decreased water flow in the middle regions of the ACF River Basin and in 

Apalachicola Bay could have severe economic impacts for entire low-income or minority 

communities.   

3.2.4 Other Socioeconomic Issues 
Population Growth. Six commenters addressed the issue of future population growth as a 

factor the Corps must consider in the Master Manual and supporting EIS. Commenters 

want the Corps to factor population projections into any consideration of alternative 

operational practices and as a factor in management of the ACF River Basin as a whole. 

 

Shoreline Management. Thirteen comments were submitted by individual stakeholders 

requesting that the Corps consider revisions to dock permitting policies, better manage 

shoreline debris, perform annual shoreline allocations reviews, and provide for better 

enforcement of existing shoreline management policies.  

 

General Comments. About 20 comments addressed socioeconomics but did not clearly 

fit into the other subcategories. These comments include a number of statements 

regarding the personal enjoyment of living on the water, the importance of ensuring that 

the resources in the ACF are protected for future generations, and the disappointment and 

anger many stakeholders feel about the current low water levels in Lake Lanier and West 

Point Lake. 
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3.3 Biological Resources 
The 305 comments in the Biological Resources category were divided into four 

subcategories: Fisheries, Threatened and Endangered Species, Flow Concerns for 

Apalachicola Bay, and Other Biological Issues. Figure 4 illustrates the distribution of 

comments categorized as Biological Resources. 

 

Biological Resources

Threatened and 
Endangered 

Species Related 
Issues
58%

Fisheries
21%

Flow Concerns for 
Apalachicola Bay

13%

Other Biological 
Issues
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Figure 4. Distribution of comments among Biological Resources subcategories. 

 

3.3.1 Threatened and Endangered Species 
The Corps received 165 comments related to threatened and endangered species. 

Commenters noted that water availability for people should be considered a priority over 

the protection of mussels and that Lake Lanier should not be drawn down to provide for 

this species. Navigation should be abandoned as a project purpose because of its 

detrimental effect on endangered species. Commenters stated that the IOP and RIOP are 

“flawed” because of a lack of studies on the endangered species at West Point Lake. 

Some commenters said that more research needs to be conducted on endangered wildlife 

in the ACF River Basin. EPA recommended that the Corps address and fully document 
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the effects of any proposed actions on threatened and endangered species when 

considering alternatives for the EIS. 

 

Comments with recommendations for threatened and endangered species in the ACF 

River Basin include: 

• Revisit the list of threatened and endangered species periodically during the 

planning process and verify the accuracy of the species/habitats list when 

beginning to prepare a Biological Assessment. 

• Participate with the USFWS and other federal and state agencies in efforts to 

locate and monitor extant populations in the remaining unimpounded portions of 

the Chattahoochee River and its tributaries. 

• Conduct an EIS to determine the amount of water needed for mussels and other 

endangered species downstream to survive. 

• Address the same Endangered Species Act-protected resources for the Master 

Manual update as for the RIOP––the Gulf sturgeon (Acipenser oxyrinchus 

desotoi), fat three ridge (Amblema neislerii), Chipola slabshell (Elliptio 

chipolaensis), and purple bankclimber mussel (Elliptoideus sloatianus), all of 

which have designated critical habitat within the action area. 

• Ensure that a sufficient quality and quantity of water is provided in such a manner 

as to resemble the natural riverine flow regime. This flow regime should provide 

aquatic habitat conditions that support a diversity of endemic aquatic species 

(including fish, plants, mussels, and other invertebrates) and their life-cycle 

requirements. As a function of the natural flow regime, both intra- and inter-

annual variations of flows should be implemented to sustain biological diversity 

and a balanced community of organisms. 
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3.3.2 Fisheries 
The 60 fisheries comments were further divided into the following subcategories: wildlife 

and fisheries, improvement of lake fisheries, commercial fisheries, and the facilitation of 

migratory fish passage. Most comments about fisheries in the ACF River Basin were 

related to the drawdown of freshwater throughout the entire system. Commenters noted 

that at Lake Lanier, fish, clams, mussels, and the like are suffering because of the low 

water levels. At West Point Lake, bald eagles and other wildlife are being injured because 

of the low water levels. Trees and fish habitat in the lower Apalachicola River and Bay 

are being affected by low water flow and an increase in salinity, which could cause long-

term ecological damage. Commercial fisheries are in a decline, and mortality rates could 

be directly related to a reduction of freshwater inflow.  

 

The USFWS commented that when considering alternatives for an EIS, the Corps should 

consider the major wildlife presence at Eufaula National Wildlife Refuge and all 

migratory species inhabiting that area during certain seasons. Recreational users 

commented that critical recreational species directly affected by changes in water level, 

as well as by potential water allocation changes, should be identified when evaluating 

alternatives in the EIS. Commenters noted that trout fisheries, which are not part of the 

natural habitat of the ACF River Basin, should not be accommodated by releasing water 

out of the lake to maintain a specific water temperature. Commercial fisheries, such as 

oysters, crab, shrimp, pinfish, and the like, should be protected when addressing 

freshwater needs in an EIS, and impacts on these species should be taken into careful 

consideration.  

 

Commenters strongly encouraged fish passage operations at Jim Woodruff Lock and 

Dam. ADCNR recommended that the Corps establish a goal to develop a fish passage 

plan for all Corps locks and dams in the ACF River Basin. A fish passage plan should 

identify key species that need upstream and downstream movement. A lock passage 

program similar to the one currently employed by the Corps at Woodruff Lock and Dam 

would be a good starting point. Potential impacts on migratory fishes related to Corps 

operations should also be considered. 
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Recommendations for fisheries in the ACF River Basin included the following: 

• Conduct an assessment alongside the EIS to study the effects of low water flows 

on fisheries in the ACF River Basin. 

• The USFWS suggested that the Corps apply a spatially explicit hydrodynamic 

model of the Apalachicola Bay to assess the effects of alternative operations on 

salinity regimes and, in turn, on the relative distribution of salt marshes, 

submerged grass beds, and oyster beds in the bay. 

• ADCNR suggested that the Corps conduct monitoring studies to determine the 

present state of aquatic life and to develop new water control manuals that reflect 

the wildlife conservation actions identified in Alabama’s Comprehensive Wildlife 

Conservation Strategy (CWCS).  

• Coordinate with wildlife agencies from Alabama, Georgia, and Florida to explore 

ways to incorporate the draft Standard Operating Procedures with new 

alternatives. 

• Conduct an assessment with the EIS to evaluate species reductions in crab, 

shrimp, and oyster populations in Apalachicola Bay. 

 

3.3.3 Flow Concerns for Apalachicola Bay 
Thirty-six comments were related to flow concerns for Apalachicola Bay. Salinity in the 

bay has increased and is affecting the species in the bay, allowing saltwater predators to 

move into the estuary. Commenters noted that contributions of the Apalachicola estuary 

to the commercial seafood industry are significant and should be protected. Sustained 

minimum flows, as defined by the RIOP, will not sustain the commercial seafood 

industry in Apalachicola Bay. Dredging and shipping interests have created more avenues 

for salt water to enter the estuary. Statistical data are available through the Florida Fish 

and Wildlife Service showing reduced landings of crab, shrimp, oysters, pinfish, and the 

like, and the data should be taken into consideration when considering alternatives for the 

EIS.  
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Comments related to the impact of flows on biological resources in the Apalachicola Bay 

in the ACF River Basin include the following: 

• The EIS should include a discussion on major biological characteristics, including 

impacts from flows on aquatic species. The evaluation of the various alternatives 

should describe their impact on the sustainability of the aquatic environment and 

related human benefits. 

• The Corps should review existing data and conduct monitoring studies to 

determine the present state of aquatic wildlife in the river reaches below Corps 

projects. Using an adaptive process, the Corps should evaluate various modeled 

flows for its projects to mimic a natural flow regime throughout the ACF River 

Basin.  

• Develop a scientific consensus of environmental flow needs of the ACF River 

Basin. 

 

3.3.4 Other Biological Issues 
Twenty-three comments were categorized as Other Biological Issues. The potential 

impact of increased municipal and agricultural withdrawals for future management of the 

reservoirs should also be included in the EIS. The Corps must avoid operations that will 

violate or lead to violations of water quality standards. The Corps should ensure that even 

under drought conditions, sufficient flow is maintained below each dam so that water 

quality standards and endangered species are protected. The Corps should coordinate 

with the USFWS, EPA, and appropriate state agencies in Alabama, Florida, and Georgia 

to ensure that the water control manuals are compliant with the Endangered Species Act 

and the Clean Water Act. 

 

Comments with recommendations for other biological resource areas in the ACF River 

Basin include the following: 

• The EIS should include a discussion on secondary effects (actions that happen 

later in time) on major water chemical, physical, and biological characteristics. 

The discussion on the chemical characteristics could relate both the water velocity 
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and volumes to, at least, temperature, dissolved oxygen, and conductivity. 

Detailed discussions on major physical characteristics could include the frequency 

of riparian habitat inundation, the distribution or redistribution of sediment 

particles based on sediment particles and flow energy (size/load related to 

velocity), and maintenance of benthic habitat. 

• Include a Biological Assessment of effects on these species and their designated 

critical habitats, as required by the implementing regulations (at Title 50 of the 

Code of Federal Regulations [CFR], section 402.12) for Section 7 of the 

Endangered Species Act. 

• Noxious growths of various exotic species, such as hydrilla and Eurasian milfoil, 

have become a constant management concern at the ACF federal reservoirs, 

especially at Lake Seminole and Lake Eufaula. The Corps should investigate the 

feasibility of occasional drawdowns for controlling aquatic plants. 

• The Corps should evaluate the effects of past and proposed project operations on 

flood durations and floodplain habitats. 

• ADCNR recommended the development of a new water control manual for the 

ACF that reflects the wildlife conservation actions identified in Alabama's CWCS 

where appropriate. 

• ADCNR recommended that the Corps establish a goal to develop a fish passage 

plan for all Corps locks and dams in the ACF. The fish passage plan should 

identify key species that need upstream and downstream movement. With those 

species in mind, the evaluate viable fish passage methods. A lock passage 

program similar to the one employed by the Corps at Woodruff Lock and Dam 

would be a good starting point. This would greatly benefit adult migratory fish 

such as striped bass, Alabama shad, American eel, Gulf sturgeon, and many other 

fish species. 
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3.4 Drought Operations 
Management of water resources during the current drought conditions––specifically, the 

operation of water releases to balance project purposes at the potential expense of other 

projects––is of major concern to the commenters throughout the ACF River Basin. 

Current drought conditions in the Lake Lanier watershed, along with drought conditions 

in previous years throughout the basin, make the allocation of water difficult. The Corps 

received 191 comments related specifically to drought operations. The commenters made 

the following recommendations applicable to the basin: 

• Prioritize reservoir purposes during extreme drought events by defining which 

project purposes are most important. 

• Update the critical yield analysis with an opportunity for public input. 

• Use conservative reservoir operations during drought by reducing releases to a 

minimum (inflow equal to outflow). 

• Include in the Master Manual emergency drought measures that provide for 

reducing releases during drought. 

• Water supply conservation measures are necessary during drought. 

• In extreme drought, let the flow of the river determine flows into Apalachicola 

Bay. Do not support Apalachicola River flows by releases from reservoirs above 

the inflows. 

• Some recommendations were specific to Lake Lanier: 

• Establish and use management triggers (pool elevations at which predetermined 

actions would be taken) during drought, especially at Lake Lanier. 

• Draw down Lake Lanier last when drought occurs, recognizing the small drainage 

area supplying the lake. 

• During drought, reduce the releases from Lake Lanier in the winter to meet the 

reduced flow target at Peachtree Creek, 650 cfs. 

 

Commenters in the headwaters maintained that to protect Lake Lanier during droughts to 

preserve its utility for water supply and recreation, the lake should be disengaged from 

the current practice of operating with all reservoirs as part of a system. Commenters in 
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the lower portion of the basin, on the other hand, stated that too much water is being 

retained upstream and that natural flows are not being adequately mimicked to protect 

species and the Apalachicola Bay. There were six comments regarding sharing the effects 

of drought. Some suggested that water conservation measures, such as water use 

restrictions, should be implemented throughout the ACF River Basin so that the effects of 

drought are not focused on one region or part of the basin.  

 

EPA encouraged the development of an adaptive management plan to address the 

uncertainty associated with in-stream flow. The need to evaluate future changes in 

climate was specifically referenced in eight of the comments received. Commenters 

asked that the Corps recognize that the dry weather patterns that the Southeast has 

experienced in recent years will likely continue in the future and that management of 

water systems within the ACF River Basin must take that into account. One commenter 

recommended that predictions for both increased drought and increased heavy rain events 

be factored into the Corps’ Master Manual planning process. The USFWS recommended 

that the Corps consider how climate change may affect ACF flow regimes and how to 

best adapt reservoir operations to the most likely foreseeable changes. The effects of a 

given set of operating rules will vary depending on whether the basin’s climate becomes 

drier, wetter, more variable, or less variable. In particular, it is vitally important to adapt 

the level set as the top of conservation (TOC) pool to the long-term hydrology of the 

basin and the essential purposes the projects serve. The Corps already practices this 

concept with occasional variances from the rule curves to store water above the TOC 

elevation during dry periods. We recommend that the Corps explicitly address climate-

based operational flexibility in the WCM update and in the analyses of the EIS. 

 

3.5 Water Quality 
The Corps received 155 comments addressing water quality issues in the ACF River 

Basin. Drinking water throughout the entire basin is an extreme concern to citizens and to 

local, state, and federal government agencies. Comments from citizens near West Point 

Lake stated that “[w]ater quality has suffered greatly as a result of frequent fluctuations in 

West Point Lake, which supplies water to the City of LaGrange.” Record low water 
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levels at West Point Lake were also cited as causing algae blooms due to high nutrient 

levels in the water. The need for improved sewerage treatment from the City of Atlanta to 

prevent polluting waters downstream and to ensure that water quality standards are met 

was also expressed in the comments received. These concerns are associated with the 

need to maintain water quality for recreational activities, such as swimming and fishing. 

There is also a concern that reductions in streamflow would result in MeadWestvaco’s 

shutting down operations to avoid violations of its National Pollutant Discharge 

Elimination System (NPDES) permit. Commenters also expressed concern regarding 

poor water quality from raw sewage being released from houseboats directly into the 

river. Above all, citizens expressed the need for the Corps to avoid operations that will 

violate or lead to violations of water quality standards. Specifically, they recommended 

the following: 

• Examine the effects of reservoir operations on water quality, at projects and in the 

tailrace, in the Master Manual update, including ongoing and potential future 

effects on dissolved oxygen, temperature, pH, conductivity, nutrient and organic 

material dynamics, and various industrial and municipal discharges.  

• ADCNR recommended that the Corps maintain water quantity stations above and 

below all dams, and support flow stations below each lock and dam.  

• The Corps should adjust West Point Lake operations to ensure adequate inflow of 

water and lake elevations to dilute nutrient loading into the lake. 

• Adopt a permanent water quality minimum flow of 650 cfs at Peachtree Creek, 

where the Corps has already granted this flow reduction based on water quality 

data and assurances from GAEPD.  

 

3.6 Water Supply 
Water supply from Corps reservoirs is in litigation, but withdrawals for water supply are 

occurring at Lake Lanier, as well as at other Corps lakes and unimpounded river portions 

between the lakes. A number of suppliers of municipal and industrial water supply rely 

on operations throughout the ACF River Basin to meet their water supply needs. The 

Corps received 117 comments regarding water supply within the ACF River Basin. 
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Nineteen commenters expressed the opinion that water supply is more important than 

downstream uses. These commenters tended to live in the upstream portions of the ACF 

River Basin. They depend on a reservoir or river flow for their drinking water, and they 

pointed out that there are no alternative sources of supply. These commenters considered 

drinking water for human consumption and survival of greater importance than fish and 

wildlife concerns.  

 

Thirty of the comments received discussed the socioeconomic importance of water 

supply to the Atlanta region. These commenters, who live in the upstream portion of the 

basin, expressed concern for future economic development efforts if water supplies are 

uncertain. Sixteen comments related to concerns over the future availability of water 

supply in the Atlanta region were received. GAEPD, for example, pointed out that water 

supply options are limited almost exclusively to surface water. Others who live in the 

lower portions of the basin expressed the opinion that continued population growth in the 

Atlanta region should not occur if adequate water supplies are not available. Commenters 

also called for the Corps to consider the water conservation measures that can be taken or 

have already been taken, as well as to include considerations from the Metropolitan North 

Georgia Water Planning District’s Water Supply and Water Conservation Plan. Four 

commenters pointed out that water supply is not an authorized purpose for Lake Lanier 

and that only Congress may change the original authorized purposes. One of the 

comments received expressed concern over contaminates (oil) in the water supply due to 

piping water during times of drought. 

 

Some alternatives for water supply other than Lake Lanier were suggested: 

• Adding storage capacity on the Flint River, which would increase the total water 

storage capacity in the ACF River Basin 

• Desalination 

• Additional groundwater 

• Tennessee River 

 

Two comments on water supply were received from the LaGrange area. They stated that 
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releasing water from West Point Lake to supplement lost or reduced flows from 

agricultural demands in the Flint River Basin is not a congressionally authorized function 

of West Point Lake. 

 

3.7 National Environmental Policy Act 
The Corps received 79 comments related to the NEPA process. The comments were 

further sorted into the following subcategories: (1) Scoping and Public Involvement, (2) 

Baseline Conditions, (3) Proposed Action and Alternatives, (4) Mitigation, (5) Schedule, 

(6) Other Applicable Regulations, (7) Cooperating Agencies, and (8) General. The 

percentage of comments assigned to each subcategory is shown in Figure 5. 
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Figure 5. Distribution of comments among NEPA subcategories. 

 

3.7.1 Scoping and Public Involvement 
Twenty-five comments focused on issues related to the scoping process and public 

involvement opportunities were submitted. Several stakeholders said they welcomed the 

opportunity to work with the Corps. Opinions concerning the single scoping meeting in 

Florida were mixed: some commenters expressed dissatisfaction with the size of the 
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meeting facility (too crowded to allow interaction with Corps representatives), whereas 

others were grateful for the opportunity to gain more information about the ACF River 

Basin and NEPA process. One commenter noted that many people in the Apalachicola 

Bay area feel there is a bias in favor of upper-basin needs. Some commenters expressed 

dissatisfaction with the scoping meeting format (no opportunity for public hearing-type 

comments); others found the meetings informative and professionally conducted. One 

commenter expressed dissatisfaction with the Web-based comment tool. Several 

stakeholders criticized the Corps for not providing more information to the public at the 

scoping stage, claiming that the paucity of details about the proposed action, alternatives, 

and identified issues hampered meaningful opportunity to provide input. Some 

commenters asserted that the scoping process conducted by the Corps has been 

inadequate and does not meet the guidelines for scoping under NEPA, the public 

participation requirements of the Water Resources Development Act (WRDA), or the 

Corps' own implementing regulations for either act. (Refer to agency comment 

summaries in Section 4.0.)  

 

Stakeholders offered the following recommendations that the Corps should consider to 

provide more meaningful communication and cooperation between the Corps and 

stakeholders as the project moves forward: 

• Provide a clear statement of the purpose of and need for the proposed action. 

• Provide a summary of the current operating rules for each project, an explanation 

of their basis in congressionally authorized purposes, and a description of how 

much discretion the Corps has to change the rules. Post the summary on the 

District’s Web site for use by other agencies and the public early in the Master 

Manual update work schedule. 

• Develop a flowchart or some other form of audit trace to demonstrate the 

influence of the stakeholder concerns on the Master Manual. 

• Hold a joint meeting with all stakeholders to discuss the findings of the scoping 

process. 

• Implement scoping and alternatives development procedures similar to those used 

by the Corps to update the water control manuals in the Missouri River Basin. 
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• Provide for a more formalized stakeholder process to work through the goals of 

the basin study and alternatives to be considered. 

• Provide a third-party mediator at future public meetings. 

• Establish a Lake Lanier “crisis team” of Corps employees who are clearly 

available to stakeholders. 

 

3.7.2 Baseline Conditions 
Eight comments pertained to establishing a “baseline” set of conditions against which the 

Corps will analyze the proposed action and alternatives in the EIS.  

 

The FDEP believes that the 1958 water control manual should be used as the baseline (as 

opposed to the 1989 draft manual or current existing operations) and that the NEPA 

process must evaluate all changes in the Corps’ reservoir operations and their impacts 

since that time. This opinion was echoed in the comments provided by Representative 

Allen Boyd, as well as the Apalachicola River Keepers. 

 

The Alabama Office of Water Resources (AOWR) asserted that the Corps must use the 

currently approved water control manuals for each reservoir to establish a baseline. The 

commenter stated that “draft manuals, the use of action zones or other proposed 

operations that have never been subject to the public scrutiny demanded under NEPA and 

the Corps’ implementing regulations should not be used as a starting point of the Corps’ 

review or effort to update the manuals.” Similar comments were made by Georgia Power 

and on behalf of the Southeast Federal Power customers. 

 

Comments submitted on behalf of West Point Lake stakeholders contend “that the Corps 

cannot select the Interim Operating Plan, the Revised IOP, or designate any baseline year 

as the foundation for development of the new WCMs and associated EIS.” They 

recommend that the Corps begin the Master Manual process with a “clean slate.” 
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3.7.3 Proposed Action and Alternatives 
Nineteen comments were assigned to this subcategory, but the proposed action and 

alternatives to be considered were at the heart of a vast number of comments assessed in 

other categories. Comments regarding the proposed action were somewhat general in 

nature, with most of the comments focused on the alternatives to be considered. 

Comments provided by several Georgia stakeholders (GAEPD, Atlanta Regional 

Commission, Association of County Commissioners of Georgia, Metropolitan North 

Georgia Water Planning District, Hall County Government Board of Commissioners, and 

one individual) expressed concern that the revised water control manuals and EIS would 

merely document existing operations and not consider potentially viable alternatives. One 

commenter pointed out that the Corps must show that the EIS informed decision-making, 

rather than simply using the EIS to justify a decision already made. GAEPD expressed 

opposition to making any version of the IOP and RIOP part of the proposed action; 

rather, there should be a range of reasonable and feasible alternatives for the continued 

operation of the federal reservoirs.  

 

Comments provided by Tri-Rivers Waterway Development District and MeadWestvaco 

urged the Corps to include in its environmental documentation “a clear explanation of the 

federal ‘action’ which the Corps is evaluating for purposes of NEPA” and that the 

proposed action “should be defined as the operation of ACF reservoirs according to their 

authorized purposes.” The FDEP reminded the Corps to “clearly describe all decisions, 

particularly in the water control plans and their reservoir regulation schedules, so that all 

parties can easily understand the Corps' proposed action and that action can be reasonably 

evaluated under NEPA.” 

 

The issue of what alternatives the Corps should consider is complex, as demonstrated by 

the very wide array of comments and recommendations made by stakeholders at every 

level of state and local government, public interest groups and organizations, private 

citizens, and other federal agencies. Many of the comments and recommendations were 

captured in Section 3.1, Water Management Recommendations. In addition, summaries 

of the detailed comments and recommendations made by federal, state, and local 
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government agencies with regard to the proposed action and alternatives are also 

provided in Section 4 of this report. The following discussion addresses the comments 

categorized under NEPA during the comment-sorting process.  

 

Some of the more general comments made regarding alternatives included requests that 

the Corps consider alternative operating plans to balance water supply needs and 

economic impact with downstream needs. The Cobb Chamber of Commerce urged the 

Corps to consider making changes to improve the balance among project purposes, even 

if doing so requires congressional approval. Another commenter urged that the Corps not 

limit itself to considering alternatives believed to be within its current authority because 

doing so could overlook alternatives that would achieve the highest and best use of the 

federal projects. Several comments urged the USACE not to limit alternatives to only 

those that mimic the manner of operations of the RIOP. One organization suggested that 

the Corps prioritize reservoir purposes during extreme drought events, the protection of 

wildlife being the top priority.  

 

FDEP recommended that the Corps assess an alternative based on true basin inflow, an 

alternative that uses the entire conservation pool in Lake Lanier, a strong water 

conservation alternative, and a species recovery-based alternative.  

 

GAEPD recommended consideration of separate alternatives based on reallocation of 

storage for water supply, rule curve changes at all projects in the ACF River Basin, 

different methods for optimizing the ACF system, and optimal operations for meeting 

endangered species needs other than those in the RIOP. They also reminded the Corps 

that the "no-action" alternative should be interpreted to mean "no change" from the 

current management direction or level of management intensity; consequently, it would 

be “a useless academic exercise” to consider as the no-action alternative returning a 

resource to its earlier, unaltered state. 

 

The USFWS would like the Corps to consider changes to minimum releases and winter 

drawdown windows for the benefit of downstream species; an alternative that addresses 
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increases in consumptive water demands in the basin; ways that standard operating 

procedures for fish spawning could be included among the mix of alternatives; and an 

alternative that allows Lake Eufaula (Walter F. George Lake) to behave more like a river 

and then compare these with the existing operating regime and other alternatives. 

 

Comments submitted on behalf of West Point Lake stakeholders asked that the Corps 

assess a full-pool (633–635 feet msl) “run of the river” alternative; an alternative that 

eliminates or significantly reduces Action zones at West Point Lake; and an operations 

alternative that ensures that water quality standards are met and that the standards are at 

proper levels for the project. The stakeholder also stated that the Corps should not 

consider any alternative that uses the water in West Point Lake to provide minimum 

flows for waste assimilation or municipal or industrial needs downstream, or support 

downstream navigation without an adequate study of the ecological and environmental 

damages caused by lake fluctuations to support that activity. 

 

Tri-Rivers Waterway Development District and MeadWestvaco noted that the Corps 

should begin by “setting forth a set of operations that fulfills the authorized purposes of 

the reservoirs, according to the primary legal authorities.” They added that [a]ny 

alternative that differs from optimal operation of the reservoirs for primary authorized 

purposes should be clearly identified as such; the need and/or legal basis to deviate from 

operation of the reservoirs for optimal fulfillment of the primary authorized purposes 

should be clearly explained; and that the Corps should clearly explain applicable 

limitations on any deviation from operations for primary project purposes, such as a time 

limit and the circumstances under which the Corps will restore primary operating 

parameters. 

 

3.7.4 Additional NEPA Topics  
Mitigation. FDEP stated that key mitigation elements must include conservation and 

water transfers. 

 

Schedule. The Corps received three comments regarding the timeline for completing the 
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Master Manual update and the accompanying EIS. The commenters stressed that time is 

of the essence, and one added that the EIS cannot be “all things to all people.” 

 

Compliance with Other Regulations. Three comments were made regarding the 

requirement that the Corps meet all applicable laws in its water management operations. 

Specific laws mentioned include the Coastal Zone Management Act, Clean Water Act, 

and Endangered Species Act. 

 

Cooperating Agencies. A comment from the Apalachicola River Keepers suggested that 

the Corps consider engaging EPA as lead agency––with the U.S. Geological Survey 

(USGS), the National Oceanic and Atmospheric Administration (NOAA), the National 

Marine Fisheries Service (NMFS), USFWS, the Corps, and others in cooperating roles––

all overseen by the National Research Council. A comment from Representative Boyd 

encouraged the Corps to continue working with the National Research Council as this 

project moves forward. 

 

General NEPA Comments. Eighteen of the comments submitted addressed NEPA but 

did clearly not fit within the defined NEPA subcategories. Some of the comments were 

included in the general introductory language provided as a lead-in to more specific 

comments that have been addressed elsewhere in this report. Several commenters thanked 

the Corps for the opportunity to participate in process or offered their assistance as the 

project moves forward. Some comments were pleas to the Corps to help their 

communities, “do the right thing,” and ensure the protection of both the human and 

natural environment for future generations. A few commenters expressed doubt that the 

long-standing battle over water can be resolved, admonished politicians and “big 

government;” or conveyed an overall tone of disappointment or disgust with management 

of the ACF River Basin.  

 

3.8 Data, Studies, and Analytical Tools  
Fifty-six comments were assigned to the category Data, Studies, and Analytical Tools. 

The highest number of comment submissions called for impact analysis and studies to be 
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conducted for the ACF River Basin. The Corps' EIS should address the accumulation of 

scientifically based data on the available water and current water withdrawals along the 

ACF system. The EIS should quantify the relationship between increasing consumptive 

demands in the ACF River Basin and the benefits from various project purposes. In 

assessing the cumulative impacts associated with the operation of the ACF Basin, the 

Corps needs to consider the amount of water that may be lost from the basins through 

inter-basin transfers and consumptive uses and should consider appropriate limitations on 

any such losses, particularly under drought conditions. Any raw data input should be 

measured using modern technology. 

 

Commenters asked that a clear discussion and delineation of the pertinent water 

management responsibilities of federal and state agencies be included as a part of the 

EIS. The Corps has no authority to make decisions on matters of water supply planning 

and must defer to the states on such issues. However, commenters saw the need for the 

Corps to examine water supply withdrawals (or the lack thereof), and the consequences 

of them, as impacts of the proposed federal action. Furthermore, the EIS should 

document the volume of storage that has been contracted for water supply or has been 

proposed in each project and any limitations due to the hydrologic conditions of meeting 

the contracts. 

 

Commenters asked that when compiling an EIS, the Corps use the new ResSim model 

software to the maximum advantage in developing new operating rules and that data from 

other modeling software be accepted or rejected but not ignored. Commenters also asked 

the Corps to examine the location of water withdrawals and discharges to ensure their 

location along the Chattahoochee River; “The HEC-ResSim model places certain water 

withdrawal and wastewater discharge points in the wrong location along the 

Chattahoochee River. Because of these errors, the predicted release from Lake Lanier 

necessary to meet the 750 cfs flow requirement at Peachtree Creek is less that what is 

actually needed.”  

 

Additional studies and analysis recommended to the Corps by commenters include the 
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following: 

• Interagency technical workgroups could would assist the Corps in compiling the 

information necessary to craft a balanced set of alternatives and to analyze their 

effects on resources. 

• The National Research Council should be permitted to do a study of all basins 

throughout the three states so that science, rather than politics, can dictate 

appropriate water policy.  

• An assessment of water availability, supply options, demand-management 

alternatives, and socioeconomic factors that influence uses in the ACF system 

would be useful. 

• EPA encouraged including in the EIS a discussion that connects management 

plans to reallocation of water storage. Of special interest are the effects of 

management plans on discharge rates (including velocities) and river elevations 

(including volume). 

• The Corps should evaluate the effects on Apalachicola Bay and Estuary salinity 

and nutrient composition (to evaluate salt marshes, submerged grass beds, oyster, 

floodplain habitats, channel morphology, and bank erosion). 

• A thorough evaluation of project-related flow regime alterations and the potential 

benefits of restoring features of the pre-project flow regimes, specifically the 

approach described by Richter and Thomas (2007), should be conducted. 

 

3.9 Navigation 
The response to Corps operations for hydropower was echoed in the 28 comments on 

navigation––equal numbers of those in favor and those opposed. One comment also 

focused on the environmental impacts of dredging in the Apalachicola River. The 

following is a summary of the comments regarding navigation: 

• Navigation is no longer a high priority and might be altering the natural 

environment. 

• Navigation is no longer a viable means of transportation. 

• Revisions to the manual must recognize navigation as a primary project purpose 
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and reflect the statutory intent to support downstream communities by resuming 

channel maintenance in the Apalachicola River acceptable to the FDEP and by 

providing adequate flow to support navigation.  

• Navigation is an important economic driver in this region, but releases should not 

be made from Lake Lanier to support navigation. 

• The Corps is responsible for operating and maintaining the authorized navigation 

channel. Commenters urged the Corps to “explain in its revised manual and the 

accompanying environmental documentation how it intends to provide for the 

needs of the communities and industries located in the middle and lower portions 

of the ACF River System.” 

 

The Tri-Rivers Waterway Development Association and industries located on the 

Chattahoochee River, such as MeadWestvaco, encouraged the Corps to continue to 

support navigation on the system by pursuing water quality certification from FDEP for 

maintenance dredging and by managing reservoir releases to support navigation. Such 

commenters cite the original congressional authorization as the basis for their position. 

Those who do not support continued support of navigation point to the lack of navigation 

traffic on the system and the adverse environmental effects of dredging in the 

Apalachicola River. One such commenter suggested that the Corps abandon navigation as 

a function of the ACF system. 

 

3.10 Hydropower 
The Corps generates power at dams on the Chattahoochee River and markets the power 

through the Southeastern Power Administration. Of the 26 comments received related to 

management for hydropower, the number of comments that called for hydropower 

production as a priority was the same as the number that called for hydropower 

production to be reduced in times of drought conditions. The following is a summary of 

the comments made regarding hydropower:   

• Hydropower customers are willing to forego their authorized storage as long as 

proper compensation is provided. 
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• Hydropower is one of the original authorized project purposes for Lake Lanier, 

and it provided the economic justification for the project. 

• Any changes in the plan that creates operational restrictions, or redistributes 

project benefits, should be accompanied by a reallocation of project costs and 

compensation to the affected purpose. 

 

The commenters that favored hydropower operations at the ACF projects tended to be 

marketers or users of power, such as the Southeastern Power Administration (SEPA), 

power cooperatives, Georgia Power Company, or industries. These commenters cited the 

original congressional authorization, together with the fact that sale of hydropower repays 

a portion of project costs, as justification for their position. According to SEPA, “[a]ny 

change in the plan which creates operational restrictions, or redistributes project benefits, 

should be accompanied by a reallocation of project costs and compensation to the 

impacted purpose.” A representative of the Southeast Federal Power Customers 

suggested that “the hydropower customers are willing to forego their authorized storage 

at the projects as long as there is proper compensation. Those commenters who did not 

favor hydropower operations at the ACF projects believe that other purposes, such as 

water supply, are of higher priority. Those holding this viewpoint tended to reside in the 

upstream portion of the basin. 

 

3.11 Flood Risk Management 
In cases of extreme wet-weather conditions, the Corps manages operations at federal 

reservoirs to reduce damage caused by flooding. Given the current drought conditions, 

only a limited number (nine) of the comments received were related to flood risk 

management. Comments regarding flood risk management came primarily from residents 

near West Point Lake. The flood risk management operation of this lake involves 

lowering the pool level during the winter months to provide additional flood storage.  

There were comments on both sides of this issue. Those residing on the lake or using it 

for recreation generally supported reductions in the drawdown of the reservoir in winter 

to provide flood risk management in the future. The West Point Lake Association and the 

City of LaGrange, for example, supported drawing West Point reservoir no lower than 
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elevation 633, as opposed to the current operation of drawing down to 628. The larger 

response associated with flood damage reduction requested the removal of this project 

purpose in favor of higher water levels to support recreation citing the greater perceived 

economic impact associated with recreation as compared to flood damage reduction. 

Those residing downstream, however, predictably held a different viewpoint, citing their 

dependence on West Point Lake for flood protection. These commenters point out that 

flood risk management was an original purpose for constructing the reservoir and that 

downstream residents still rely on that protection. 

 

3.12 Other Resources 
Fifty-two additional comments were received that related to other resource areas; air 

quality, cultural resources, geology and soils, and hazardous, toxic, and radioactive 

waste. 

 

3.12.1 Air Quality 
Three comments were related to air quality. They noted that the Corps should address and 

fully document the effects of proposed actions on air quality. Trees are dying due to 

drought conditions. This can significantly impact the natural cycle, which can chemically 

break down air pollution. More water would ensure the ecological balance that is needed 

for better air quality. 

 

3.12.2 Cultural Resources 
Seven comments regarding cultural resources were submitted. According to the 

commenters, Florida’s historical heritage is at risk due to declining environmental 

conditions and the toll taken on the commercial fisheries industry for which the 

Apalachicola River is known. The community of Franklin County is dependent on the 

Apalachicola River and the Apalachicola Bay for its livelihood and culture. Commenters 

ask that the Corps consider the  loss of the cultural heritage of the Apalachicola 

oysterman if river flows are too low to maintain the fishery at adequate levels to make it 

economic for oyster harvesting to continue, and should provide a better guide for 
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protecting cultural resources in the Master Manual. 

 

3.12.3 Geology and Soils 
Twenty-nine of the comments received were related to geology and soils. Commenters 

expressed concern about bank erosion at Lake Lanier, and how it could diminish the 

future storage capacity of Lake Lanier. Some commenters pointed out that bare soil near 

the banks will eventually wash into the nearby creeks and tributaries, creating a water 

quality issue.  A few commenters feel that development should be limited around Lake 

Lanier to prevent erosion and to control the drawdown of the lake for drinking water.  

 

Other comments point out that West Point Lake has severely eroded along the shoreline 

and caused silt buildup near private docks.  The commenters feel the Corps could 

minimize erosion and soil deposition in the lake by keeping lake levels at or above 633 

feet msl. 

 

3.12.4 Hazardous, Toxic, and Radioactive Waste 
The Corps received 13 comments regarding the recently permitted Turkey Run Landfill 

that will be constructed near a tributary that feeds into West Point Lake. Commenters 

expressed concern that contaminants from the proposed landfill could leach into West 

Point Lake and groundwater supply source, polluting their drinking water.  Commenters 

also point out that recreation on West Point Lake could be adversely impacted, if the 

landfill were to affect the water quality and cleanliness of the lake. 

 

3.13 Petitions 
Two petitions were received: 

1. West Point Lake Advisory Council Needs Your Show of Support (SOS) 

2. Comments on the Potential for the Turkey Run Landfill to Pollute Groundwater 

and Surface Waters in Violation of Georgia Environmental Protection Division 

Solid Waste Management Rules and Landfill Permit 
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The West Point Lake Advisory Council submitted a petition signed by 30 persons at the 

LaGrange public meeting and later mailed in an additional 2,779 signatures. The petition 

calls for all levels of government to ensure that five concerns are heard: 

1. Maintain a minimum lake level of 633–635 feet msl. 

2. Maximize positive economic impact. 

3. Return to managing the lake consistent with congressionally authorized purposes. 

4. Restore and maintain recreational facilities. 

5. Ensure recreational access for low-income and minority families. 

These comments were also received in conjunction with other comments and were 

categorized appropriately in previous sections of this report. 

 

The second petition, related to the Turkey Run Landfill, had been signed by 58 persons. 

The area of concern is adjacent to West Point Lake, and the comments indicate a need to 

address adverse water quality impacts on the City of LaGrange’s water supply that might 

occur because of the landfill. Although the landfill is not within the Corps’ regulatory 

authority for the Master Manual, under the NEPA process it may be considered in various 

aspects of documenting activities within the area of influence of the Corps’ reservoirs. 

Copies of the petitions are provided in Appendix L. 
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4.0 Federal, State, and Local Agency Responses 
This section summarizes the comments that federal, state, and governmental agencies 

submitted through letters to the USACE Mobile District. Comments from the federal 

agencies (the U.S. Environmental Protection Agency [EPA], the Southeastern Power 

Administration [SEPA], and the Department of the Interior’s U.S. Fish and Wildlife 

Service [USFWS]) are summarized first, followed by state agency comments (in 

alphabetical order), and finally local government input. Copies of all the public and 

agency comments received during the scoping process are provided in Appendix J.  

 

4.1 Federal Agencies 

4.1.1 EPA Region 4 
Comments from EPA Region 4 were received December 8, 2008, in a letter signed by 

Mr. Heinz Mueller. EPA noted that it understands that the updated Master Manual will 

identify all constraints, including authorized project purposes, power contract 

commitments, hydrologic and climatologic factors, downstream lake and basin-wide 

conditions, and potential threats of flood and drought, and will include the resultant lake 

levels required to satisfy all of these various requirements. 

 

In comments regarding the manual update, EPA suggested that manual include sections 

on current project operations and a historical review; operational changes necessitated by 

drought contingency requirements and data supporting such changes; updated data 

reflecting current basin conditions; proposed new environmental requirements for 

meeting water quality standards; how compliance with endangered species law/fish 

spawning needs will be accomplished; procedures for capturing/using real-time data 

provided by additional gauges; results of recent computerized modeling; and proposed 

improved streamlining of data exchange between agencies. 

 

With respect to NEPA, EPA noted that adverse impacts from any proposed action should 

be avoided, minimized, and/or mitigated. Specifically, 

• Address and fully document effects on threatened or endangered species, cultural 
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resources, air quality, and wetlands. Ensure that the proposed action complies 

with Executive Order 12898, Federal Actions to Address Environmental Justice in 

Minority Populations and Low-Income Populations. Fully document that no 

unacceptable adverse cumulative or secondary impacts will result.  

• Address and fully document effects of the proposed action on water quality, 

including effects on Total Maximum Daily Load (TMDL) implementation and 

impaired waters. Include information on the impairment status and TMDLs of all 

ACF system waterbodies. 

• Consider the consequences of any major changes to conservation storage at Lake 

Lanier, West Point, and Walter F. George. 

• Make the best management practices that will be implemented to control sediment 

runoff and manage stormwater at the lakes part of the Master Manual. 

• Water chemical, physical, and biological comments from EPA noted that the EIS 

should:  

• Include discussion connecting management plans to reallocation of water storage. 

Of special interest are effects of management plan changes on discharge rates and 

river elevations. Discuss secondary effects on major water chemical, physical, and 

biological characteristics.  

• Discuss major biological characteristics, including potential alterations to aquatic 

species that require flow in their habitat. In evaluating alternatives, describe their 

impact on the sustainability of the aquatic environment and related human 

benefits. 

• Discuss ACF adaptive management plans (AMPs), which should address the 

uncertainty associated with in-stream flow prescriptions and should include 

conservation and resource-protective flow standards based on available 

information; identify monitoring programs; and identify an effective revision 

procedure. 

• Employ in the ACF Basin a concept similar to that described in the GAEPD 

request for flow reductions in the Chattahoochee River, which relies on a series of 

predictive models. Monitor identified flow-related sensitive endpoints and use a 

notification procedure when certain conditions that require flow change exist.  
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4.1.2 SEPA 
SEPA provided comments received on November 21, 2008, in a letter signed by Mr. 

Herbert R. Nadler. The comments included the following points: 

• Project repayment costs were developed and assigned based on authorized 

purposes receiving certain benefits from the projects. Such costs are to be repaid 

by the purposes through the use of project features, such as available storage. 

• Plan changes that create operational restrictions or redistribute project benefits 

should be accompanied by reallocating project costs and compensating the 

affected purpose. It is not fair or equitable to expect an authorized purpose to be 

responsible for costs that do not correspond to the level of benefits received. 

Reduction in the availability of power affects SEPA’s preference customers.  

• Municipalities and cooperatives that benefit from project generation depend 

heavily on their government allocation of capacity and energy to meet their peak 

loads. Reductions in the level of benefits available should be accompanied by 

appropriate compensation. 

 

4.1.3 USFWS 
Comments from USFWS were received November 21, 2008, in a letter signed by Ms. 

Gail A. Carmody.  Regarding the Master Manual, USFWS requested a summary of the 

current operating rules for each project, an explanation of their basis in congressionally 

authorized purposes, and a description of how much discretion the Corps has to change 

the rules. USFWS recommended posting the summary on the District’s Web site. 

 

Regarding resources, USFWS recommended the following: 

• Threatened and endangered species. Address the same ESA-protected resources 

for the manual update as for the RIOP. The EIS should include a Biological 

Assessment of effects on these species and their designated critical habitats. 

Contact the states directly and obtain current lists of resources of concern to the 

state fish and wildlife agencies that could be affected by project operations. 

Participate with USFWS and other federal and state agencies in efforts to locate 

and monitor extant populations in the unimpounded portions of the Chattahoochee 
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River and its tributaries.  

• Reservoir fisheries. USFWS cooperated with the Corps for the 1998 draft EIS for 

ACF water allocation to develop a reservoir fisheries performance measure. 

USFWS recommends that the Corps update this performance measure and use it 

to evaluate the relative impacts of alternative operating plans on reservoir sport 

fisheries.  

• Fish passage. Continue to support and facilitate research on fish passage at 

Woodruff Dam, and at other ACF federal dams as appropriate, with a goal of 

identifying and implementing operations that would allow riverine species to 

travel their historic migratory pathways. Incorporate such procedures into the 

manual, as appropriate.  

• Water quality. In the manual, closely examine the effects of reservoir operation on 

water quality, including ongoing and potential future effects on dissolved oxygen, 

temperature, pH, conductivity, nutrient and organic material dynamics, and 

various industrial and municipal discharges.  

• Invasive aquatic plants. Investigate the feasibility of occasional drawdowns for 

controlling aquatic plants as part of the manual update.  

• Floodplain habitats. Evaluate the effects of past and proposed project operations 

on flood durations and floodplain habitats.  

• Apalachicola Bay habitats and fisheries. Apply a spatially explicit hydrodynamic 

model of the bay to assess the effects of alternative operations on salinity regimes 

and, in turn, on the relative distribution of salt marshes, submerged grass beds, 

and oyster bars in the bay.  

 

With respect to the alternatives, USFWS recommended the following: 

• Minimum releases. Use the Master Manual update to comprehensively evaluate 

storage options in the context of the impacts of altered flow regimes at the ACF 

dams and the benefits of restoring more natural patterns to the monthly, daily, and 

instantaneous releases from the ACF dams. Consider how providing windows of 

more stable flows during critical periods might increase the abundance and 

diversity of native fishes and other aquatic resources in tailwaters.  
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• Winter drawdown. Consider the potential risks and benefits of reducing the 

magnitude of the autumn drawdown and/or of beginning the spring refill earlier, 

especially during dry periods. Consider other alternatives to achieving flood 

protection.  

• Climate change. Consider how climate change might affect ACF flow regimes 

and how to best adapt reservoir operations to the most likely foreseeable changes. 

Address climate-based operational flexibility in the manual update and in the 

analyses of the EIS.  

• Consumptive water demands. Consider the impacts of increasing consumptive 

water demands in the basin.  

• Fisheries management. With USFWS and the wildlife agencies of the three states, 

explore ways to incorporate the draft standard operating procedures into the mix 

of alternatives evaluated in the manual update.  

• National wildlife refuge. Use an annual pattern cycling between the highest levels 

in the late winter and early spring to the lowest levels in the late summer. 

Consider how the benefits and impacts of such a scheme compare with the 

existing operating regime and other alternatives.  

 

In addition, USFWS strongly supports the idea of organizing interagency technical 

workgroups that would assist the Corps in compiling the information necessary to craft a 

balanced set of alternatives and to analyze their effects. It is willing to participate in such 

workgroups. 

 

4.2 Political Entities 

4.2.1 U.S. Congress: Georgia Delegation 
Representatives Tom Price, John Linder, Paul Broun, and Nathan Deal submitted a letter 

September 18, 2008, to Secretary John Paul Woodley. The letter states the following: 

• Water quality and supply should be an expressed priority of the Corps in this 

process.  

• The Master Manual should be made current, taking into account the water supply 
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shortage many Georgia communities face. Consider a plan that accounts for the 

complex dynamics of the 3.5 million people in Metro Atlanta that depend on Lake 

Lanier for drinking water, and keep in mind that Lake Lanier provides the bulk of 

the storage for the entire ACF River Basin.  

• The Corps should conduct a thorough analysis of operations of the ACT and ACF 

basins, looking for alternative methods to improve water management of these 

precious water resources. 

 

4.2.2 U.S. Congress: Florida Delegation 
Senator Bill Nelson and Representative Allen Boyd from Florida submitted comments in 

a letter received November 21, 2008. The comments included the following: 

• The EIS must be truly comprehensive and must affect the Master Manual. 

• The CEQ’s guidance states that real problems should be identified early and 

properly studied. Appropriate related analyses should be identified and 

considered. The scoping process should consider all aspects of the “affected 

environment” in the ACF. 

• The updated manual must establish a scientifically based and equitable 

distribution of the waters of the ACF system. Accumulate data on the available 

and current water withdrawals.  

• In-stream flow requirements should be sufficient to fulfill authorized uses. Assess 

the impact of variations of freshwater flow on the ecology of the Apalachicola 

River and downstream coastal ecosystems. In the assessment, compare the 

unimpaired flow regime, historical flow records, and flows imposed in the current 

RIOP. 

• Assess water availability, supply options, demand-management alternatives, and 

socioeconomic factors. 

• Continue working with the National Research Council to facilitate a 

complementary study to the Corps’ EIS. 
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4.2.3 Georgia House of Representatives 
Mr. Carl Von Epps of the Georgia House of Representatives submitted comments in a 

letter received June 2, 2008. His comments focused on Executive Order 12898, Federal 

Actions to Address Environmental Justice in Minority Populations and Low-Income 

Populations, and included the following: 

• Lowering lake levels at West Point Lake represents a potential for denial of 

access to recreational resources for minority and low-income populations in West 

Georgia and East Alabama. Potential impacts on “consistent consumption of fish 

and wildlife” also must be considered. A significant amount of shoreline used for 

recreational activities has been affected. Mr. Von Epps questioned the magnitude 

of the study and the management of the project in a manner that would ensure 

minimal impact on the affected communities. 

• West Point Lake was assigned a cost allocation of 44.3 percent of its allocated 

investment to recreation and sportfishing and wildlife development. This is the 

highest cost allocated to any of the congressional purposes authorized for the lake.  

• The Corps uses West Point Lake “as its workhorse” to provide for other demands 

throughout the river basin, while ignoring the original authorized purpose of 

recreation as well as the needs and expectations of minority and low-income 

residents. 

• The Corps is required to determine the effects on minority and low-income 

populations, to coordinate research and data collection, to conduct public 

meetings, and to develop inter-agency model projects. 

• The Corps should reconsider and fully address the impacts that have resulted thus 

far under the Interim Operations Plan, especially during summer of 2006 and 

2007. 

• The project should be managed so usable winter and summer pool elevations 

more closely approximate the initial recreational impact level of 632.5 feet msl, 

ensuring recreational use of the lake. 
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4.3 State Agencies 

4.3.1 Alabama Office of Water Resources 
Mr. Brian Atkins, director of the Alabama Office of Water Resources, on behalf of the 

State of Alabama, submitted comments by email November 21, 2008. The comments 

included the following: 

• To satisfy the Corps’ obligations under federal law, including NEPA, the Corps 

must focus on the authorized purposes of Lake Lanier (hydropower, navigation, 

and flood control) and establish a scope for the manual update that addresses five 

objectives:  

1. The Corps should determine the critical yield of each reservoir using the most 

current hydrologic and climatic conditions.  

2. The Corps should establish the baseline for any proposed changes to the water 

control or master manuals, and the baseline should be based on authorized project 

purposes.  

3. The Corps should use the agreed-upon HEC-5 model developed during the 

Comprehensive Study or develop a new model that is agreed upon by the Corps 

and the states.  

4. The Corps should assess whether any changes in the baseline conditions are 

necessary to comply with existing laws and regulations, including those designed 

to protect the environment.  

5. The Corps should analyze any proposed modifications to the baseline and other 

legal requirements to develop the proposed operations for Lake Lanier, West 

Point Lake, and Lake Walter F. George.  

Each objective is critical to the update process, and the order in which the steps are 

completed is significant. It is impossible to evaluate and assess proposed changes to the 

water control manuals unless the critical yields have been calculated and the baseline is 

established. Refusing to undertake a complete review and assessment of these objectives 

will ensure that valid water control manuals will never be developed and that additional 

conflicts over the Corps’ operations of the federal reservoirs in the ACF River Basin will 

follow. 
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4.3.2 Florida Department of Environmental Protection 
The FDEP submitted a letter received November 20, 2008, signed by Ms. Janet 

Llewellyn. The comments are summarized below: 

• Florida contends that the Corps’ current process is inconsistent with federal laws 

and inadequate for both NEPA and the Water Resources Development Act 

(WRDA). 

• The ongoing litigation, and subsequent judicial determinations, between the Corps 

and the States of Florida, Alabama, and Georgia and various stakeholders must be 

incorporated into the manual revision process. 

• For NEPA analysis the Corps must use the appropriate environmental baseline, 

which is the 1958 Master Manual prepared for the ACF, not the 1989 draft water 

control plan or existing conditions. The draft manual established Action Zones 

and the 5,000-cfs  flow “requirement” to the Apalachicola River, both of which 

the Corps unilaterally adopted without compliance with the Flood Control Act, its 

own regulations, NEPA, or the Endangered Species Act. NEPA does not allow the 

Corps to “grandfather” changes in water control operations that have not been 

subject to final NEPA review. All changes in reservoir operations since that time 

and their environmental impacts must be analyzed under NEPA as part of the 

proposed action. 

• Effective scoping requires a more detailed proposal from the Corps.  

• The Corps must provide a meaningful opportunity to obtain informed public 

comments. The scoping meetings did not provide meaningful participation or the 

ability to answer direct questions. The current process does not meet the general 

guidelines for scoping under NEPA. The Corps has failed to provide fundamental 

information that is critical to the scoping process. For example, the Corps must 

include a Drought Contingency Plan. 

• Effective scoping requires a revised scope for the proposed action. The Master 

Manual must clearly describe all decisions so all parties can easily understand the 

proposed action, and it must be evaluated under NEPA. 

• Alternatives that should be considered include an alternative based on true basin 

inflow, an alternative that uses the entire conservation pool in Lake Lanier, a 
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strong conservation alternative, and a recovery-based alternative. 

• Impacts that should be analyzed include effects on Apalachicola Bay salinity and 

nutrient composition, and the corresponding economic impact on Apalachicola 

Bay and surrounding region; effects on Apalachicola River floodplain habitats; 

effects on the Apalachicola River’s channel morphology due to altered flows and 

changes in operation; and relevant cumulative impacts. 

• Potential mitigation measures to be explored must include measures within and 

outside the Corps’ jurisdiction. The key mitigation measures must include 

conservation and water transfers. 

• With respect to compliance with the Coastal Zone Management Act, Corps 

actions that affect the Apalachicola River and Bay must be consistent to the 

maximum extent practicable with the Florida Coastal Management Plan. The 

Coastal Zone Management Act further obligates the Corps to provide Florida with 

a consistency determination before undertaking activities that affect the state’s 

coastal resources, including implementation of the new Master Manual. 

 

4.3.3 Georgia Department of Natural Resources, Environmental Protection 
Division 

Comments from the Georgia Department of Natural Resources, Environmental Protection 

Division, were received November 21, 2008, in a letter signed by Dr. Carol Couch. The 

letter noted the following: 

• GAEPD recommends strongly that the Corps not make the IOP, including the 

RIOP, the proposed action. The Corps should analyze a range of reasonable and 

feasible alternatives. 

• Issuing water withdrawal permits is a state and local action, and therefore it 

should not be addressed within the scope of connected, cumulative, and similar 

actions. The Corps has no authority to make decisions on water supply and must 

defer to the State of Georgia on such issues. Water supply withdrawals should be 

examined as an impact of the proposed federal action. 

• The Corps is required only to examine reasonable and feasible alternatives. 

• The No Action Alternative should be interpreted to mean no change from current 
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management operations. Operating according to water supply needs in the past 

would require a new action and thus would not constitute “no action.” 

• The Corps should coordinate with state and local interests to analyze water 

demands at Lake Lanier over the past several years for current water supply. 

• The RIOP is interim until the Master Manual is updated and is not the appropriate 

choice for the No Action Alternative. The Corps must conduct a detailed study on 

the RIOP’s long-term effects. 

• Limiting the scope of the Master Manual and EIS because of budget constraints 

will be in direct conflict with NEPA and the regulations in the Master Manual. 

• The Corps should not limit alternatives to only its own authorities. 

• The Corps should obtain the necessary authority to operate with the best use of 

resources. Georgia believes the Corps has the authority to operate Lake Lanier to 

meet the 2030 projected municipal and industrial needs. 

• The RIOP is not the only alternative. Georgia provides several possible alternative 

options to be considered: reallocation of storage for water supply, rule curve 

changes at all projects in the ACF (different configurations), different methods for 

optimizing the system, and optimal operations for meeting endangered species’ 

needs. 

• The HEC-ResSim model is inconsistent with the established HEC-5 Existing 

Conditions model. The Corps must explain discrepancies and correct apparent 

errors. For example, Atlanta’s water intake is upstream of Peachtree Creek, but 

the model has it downstream; Cobb County/Marietta Water Authority has two 

wastewater returns below Peachtree Creek, but the model has them upstream. 

Consequently, ResSim’s prediction of flow at Peachtree Creek is greater than 

what would actually occur; the Lake Lanier levels would actually be lower than 

those predicted by the model. There are discrepancies between HEC-5 and HEC-

ResSim regarding certain physical characteristics of some of the projects in the 

ACF River Basin. 
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4.4 Local Agencies 

4.4.1 Metropolitan North Georgia Water Planning District 
Ms. Kathryn Dunlap of the Metropolitan North Georgia Water Planning District 

(MNGWPD) submitted comments in a letter received October 28, 2008. She hopes that 

the Corps will truly update the Master Manual and not just replicate existing operations 

that have caused concern over the sustainability of Lake Lanier. She also noted the 

following: 

• The Corps must consider alternative operating plans to balance water supply 

needs and economic impact with downstream needs before adopting a new Master 

Manual. 

• The Corps should consider the water supply needs of the region as identified in 

the MNGWPD’s long-range plans. 

• The net amount of water withdrawn for water supply (in Lake Lanier and the river 

downstream) is 1 percent of the flows at the Florida line in normal years and 2 

percent in drought years. 

• Lake Lanier’s recreational value should also be an important consideration. The 

lake receives 8 million visitors a year, resulting in $5.5 billion annually. 

 

4.4.2 Atlanta Regional Commission 
Mr. Charles Krautler of the Atlanta Regional Commission submitted comments in a letter 

received November 21, 2008. He noted the following: 

• Proposed action and alternatives. The Corps has not adequately defined the 

proposed action or alternatives. It must consider all reasonable alternatives. The 

new water control plan must be based on facts and sound science. Historical 

operations are not realistic or reasonable alternatives. The alternatives must 

include water supply for metro Atlanta; Metro Atlanta relies on Lake Lanier, and 

there are no alternative sources. The alternatives should not be constrained by 

perceived limits on the Corps’ authority.  

• Flow requirements. Flow requirements should be optimized, flexible, and tied to 

actual needs, and operating plans should recognize Lake Lanier’s unique 
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character.  

• Curve rule changes. The Corps should consider and analyze potential rule curve 

changes to maximize the available storage and optimize operations for all 

purposes.  

• Head limits. The Corps frequently cites head limits as the controlling reason for 

excess releases from Woodruff Dam. Rampdown restrictions compound this 

problem by requiring releases from storage to artificially slow the Apalachicola 

River's rate following these excess releases. In combination, these factors often 

result in releases greater than 1,000 cfs, more than Georgia's entire average 

consumptive water use in the ACF Basin. 

• Hydropower scheduling. The Corps should also consider alternative mechanisms 

for developing hydropower generation schedules. Currently, it uses relatively 

rigid power generation schedules that assume a certain number of hours of 

generation when a project is in a certain zone. By incorporating into its operating 

plans more flexible, forecast-based mechanisms that anticipate energy spot market 

prices, the Corps could maximize the value of the hydropower produced while 

making storage available to serve other project purposes. This approach has had 

great success in other projects and is employed in the Sustainable Release Rule. 

• Sikes Cut. The Corps should consider alternatives that mitigate the salinity 

increases in other ways. The Corps should consider alternatives that reduce or 

eliminate saltwater inflow through Sikes Cut, a major salinity contributor. 

• Channel degradation. The Corps should be concerned about the areal extent of 

flooding or the inundation and connectivity of certain habitat. It must 

acknowledge that the real causes of these problems have more to do with channel 

degradation than with the quantity of flow in the river. 

• Hydrological forecasting. A large body of literature on forecasting techniques has 

been developed. The U.S. Geological Survey (USGS) has been using such 

methods for decades. The Corps should consider alternative operating plans that 

use these tools, with appropriate margins of error, to optimize reservoir 

operations. 
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4.4.3 Franklin County, Florida, Board of County Commissioners 
Mr. Noah Lockley of the Franklin County Board of County Commissioners submitted 

comments in a letter received October 17, 2008. The Board believes that the Master 

Manual is fundamentally flawed because it does not adequately take into account the 

freshwater needs of Apalachicola Bay. The Board requests that the EIS include the 

ecosystem of the bay. Specifically, 

• The EIS should include the harvestable resources, including shrimp, blue crab, 

mullet, and oysters. All these resources have seen their landings plummet over the 

past few years because of the lack of freshwater reaching the bay. 

• The state has spent millions of dollars protecting the bay, and now the Master 

Manual needs to be expanded to protect this environmental resource. 

 

4.4.4 Hall County, Georgia, Board of Commissioners 
Mr. Tom Oliver, Mr. Billy Powell, Mr. Deborah Mack, Mr. Bobby Banks, and Mr. Steve 

Gailey of the Hall County Government Board of Commissioners submitted comments in 

a letter received November 14, 2008. They noted the following: 

• Lanier will be at an all-time record low in the coming months. 

• The Board is confident that the river system can be managed such that all needs 

are met. The Board believes there is sufficient water for both upstream and 

downstream environmental, economic, and human needs. 

• Sound science and engineering study must prevail to determine how best to 

operate the river system. The system operations cannot use an antiquated 

management plan with simple documentation of existing trends. Updated 

conditions should be considered. 

• Alternative methods of creating water quality in downstream basins should be 

considered (that is, not taking Lake Lanier flows to enhance downstream 

estuaries). 
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4.4.5 Troup County, Georgia, Board of Commissioners 
Mr. Richard Wolfe, Mr. Richard English, Jr., Mr. Buck Davis, Mr. Kenneth Smith, Sr., 

Mr. Julian Morris Jones III of the Troup County Board of Commissioners submitted 

comments in a letter received November 24, 2008. Noting that their past requests had 

seemingly “been ignored,” they asked the Corps to consider the following: 

• Consider six critical issues, identified through study groups, that are vital to West 

Point Lake: maintain a minimum lake level of 633–635 feet msl, maximize 

positive economic impact, return to managing the Lake consistent with 

congressionally authorized purposes, restore and maintain recreational facilities, 

ensure recreational access for low-income and minority families, and protect 

water quality. 

• Low lake levels adversely affect economic opportunities. 

• The Action Zones established by the Corps are not in keeping with and were not 

part of the original authorization by Congress. 

• The Corps should fill and stabilize West Point Lake as a “run of the river lake” 

with flows that mirror a more natural flow during drought and flood conditions. 

• The Corps has not funded or maintained many of the recreational areas paid for or 

established by Congress. 

• Action Zones are much worse than other Corps projects and make recreational use 

quite difficult, if not impossible, to achieve. 

• Rapid and frequent fluctuations in lake levels cause issues of compliance with the 

Clean Water Act, which affects the quality of recreation. 

 

4.4.6 City of LaGrange, Troup County, Georgia 
Mr. Jeff Brown of Troup County and Mr. Jeff Luken, mayor of the City of LaGrange, 

submitted comments in identical letters received October 28, 2008, and October 30, 2008, 

respectively. A summary of the comments follows: 

• Congress established five specific primary authorized uses for this project: 

hydropower, sportfishing and wildlife development, general recreation, 

navigation, and flood control.  
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• New influences have taken over and control the environmental and 

socioeconomic factors related to utilization of the lake. Many factors have not 

been addressed or have been ignored by the Corps in its operations. These include 

massive urbanization and growth of the area and counties surrounding the lake, 

industrial development, and growth of the Fort Benning complex and its 

contingent of citizens and soldiers, who often rely on West Point Lake’s facilities 

for recreation and sportfishing and wildlife.  

• The Corps operates the lake and the system in its own way, which ignores the 

original primary congressional authorizations. Recreation and sportfishing and 

wildlife development are sacrificed––almost in their entirety––to meet the 

purpose of a lower winter pool of 625–628 feet msl.  

• The Corps arbitrarily assigned to the lake Action Zones that were not set up in the 

enabling legislation. This needs to be corrected, and a maximum drawdown level 

of 633 feet msl for winter pool and a stable 635-foot summer pool must be 

established.  

• It is the responsibility of the downstream wastewater treatment discharge permit 

holders to design and operate their discharge systems in a manner that ensures 

compliance with water quality standards without using the limited waters 

available.  

• Raise the lake levels and stabilize them at the 633–635-foot level. The low lake 

levels and aesthetic damage caused by winter drawdowns have a direct 

correlation with the low number of visitors. The lake level should never be lower 

than 633 feet msl, except in dire emergencies.  

• Stakeholders in the area have observed massive kills of native mussels in the 

project boundaries when the Corps operates the dam to provide massive rapid 

drawdowns for downstream flows.  

• The Corps’ compliance with the Clean Water Act under current operations is at 

best highly questionable, if in fact it is being achieved. The chlorophyll level is set 

at an artificially high level of 27 mg/L. Total nitrogen south of the Franklin 

exceeds the standards with a reading of 6 mg/L.  

• Demographics, development patterns, climate changes, and other factors have 
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brought forth an entirely new reality the Corps must contemplate and address in a 

new Master Manual for the basin.  

4.4.7 Gwinnett County, Georgia, Board of Commissioners  
Mr. Charles Bannister of the Gwinnett County Board of Commissioners submitted 

comments in a letter received October 20, 2008, noting the following: 

• The IOP and modifications have not resulted in the most efficient operation of the 

system to serve its designated use and the public interest. The Board believes that 

a more conservative and equally effective operation of the ACF system could 

have saved millions of gallons of storage in Lake Lanier and still met the 

downstream requirements throughout this prolonged drought. 

• The COE EM 1110-2-3600, Section 3-3 b.(I), states, "Furthermore, for many 

projects that have been operational for a number of years, the water control plans 

and water control manual are out-of-date, and there is a need for revising them to 

make them applicable to current conditions."  

• The water control plans and the water control manual need to address the current 

conditions, in which some 3 million people in the Metropolitan Atlanta area rely 

on the ACF Basin for drinking water for their health and safety.  

• The droughts of 1988 and 2001 and the present drought should surely suggest that 

the Corps should make every effort to conserve storage in the uppermost lake in 

the system to the maximum extent to enable the system to meet its downstream 

requirements in times of severe drought. Composite storage for the entire system 

should not be used to justify releases from Lake Lanier; Lake Lanier represents 

almost half of the storage for this basin as its uppermost reservoir, but that 

reservoir has only 6 percent of the basin's drainage area and controls only 9 

percent of the flow in the basin. 

• The Board highly recommends that the Corps use the methods of hydrological 

forecasting developed by USGS and recommended to the Corps by the Atlanta 

Regional Commission. 

• An Atlanta Regional Commission letter titled “Proposed Modifications to Interim 

Operations Plan for ACF Reservoirs” is attached. The Board suggests that 
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keeping Lake Lanier as full as possible meets these goals and helps protect the 

environment and the economy of north Georgia. It does not believe that the 

Mobile District's Interim Operations Plan and its modifications meet these goals 

as required by the Corps’ rules. Had the rules been followed in developing the 

Interim Operations Plan, the Corps could have met the downstream needs and 

preserved the storage in lake Lanier to a much greater extent than has been done 

in the last two years. 

• The Board believes that the technical expertise exists to enable the Mobile District 

to craft a water control plan that meets all the needs of the basin and allows the 

reservoirs to be full or near full each spring in order to allow the system to be able 

to provide drought sustainability when needed. Such conservation of storage 

serves the public interest and sustains the environment and population dependent 

on this vital resource. 

• The Board strongly urges the Mobile District to seriously consider the 

methodologies suggested by the Atlanta Regional Commission and its consultant, 

Hydrologics, Inc., for alternative methods of operating the system. Hydrologics 

has shown that alternative operating scenarios can meet all downstream 

requirements and at the same time maximize reservoir storage during the wet 

season to ensure the maximum storage in the spring of each year, particularly in 

Lake Lanier, to provide for water conservation, drought contingency, and the 

needs of fish and wildlife, recreation, and environmental improvement/protection 

of Lake Lanier and the downstream basin. 

 

4.5 Tribal Response 
The tribal response indicated an interest in being informed about the updated Master 

Manual and Draft EIS as more information becomes available. After the development of 

the alternatives and proposed action, tribal leaders should be contacted and provided 

another opportunity for government-to-government consultation.  
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4.6 Federal Interagency Response 
The pre-meeting planning agenda tool allowed the Corps to focus discussions on topics 

of interest to the federal agencies represented on the call––drought operations, water 

quality, biological resources, and water management. Additional issues identified for 

discussion included minimum base flows, agricultural water use, reservoir flows, buoy 

tender and use of channel survey data, water quality impacts, alternative analysis, rule 

curve alternatives, and a timeline for decisions. These areas can be better defined by (1) 

those related to the Master Manual update and (2) those related to the NEPA process. 

• Master Manual update. Agencies questioned whether substantial changes would 

be considered in the Master Manual. The USACE is currently authorized only to 

update the Master Manual to current operations; additional authorizations would 

require congressional authority. The Corps did confirm that the evaluations of 

alternatives will look at impacts throughout the ACF River Basin. For example, 

the evaluations will consider how releases at Lake Lanier affect the Apalachicola 

River and Estuary. Questions were asked regarding changes to minimum flows. 

States would have to modify their procedures for these types of changes to occur, 

as has been considered in the RIOP.  

• NEPA process. The selection of baseline conditions and alternatives was a 

concern for the USFWS. The Corps let the agencies know that the scoping 

process is being used to determine which alternatives will be considered in the 

EIS, including different levels of water withdrawal.  
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5.0 Summary of Public Scoping 
 

The Corps has completed the first phase of the scoping process for the EIS regarding 

implementation of an updated Master Water Control Manual for the Apalachicola-

Chattahoochee-Flint River Basin in Alabama, Florida, and Georgia. The Corps, however, 

will continue to give due consideration to all relevant input received throughout the 

development of the EIS because scoping is an ongoing process. Coordination with 

regulatory agencies and the public will continue. Following finalization and publication 

of this scoping report, the draft EIS will be completed and is scheduled to be made 

available for review and comment in 2010. 

 

The objective of this preliminary scoping phase was to notify regulatory agencies and the 

public of the proposed action. This phase provided an opportunity for the Corps to learn 

as much as possible about all concerns, issues, and other significant actions completed, 

under way, or proposed in the region that could be affected by implementing the 

proposed action. It also provided an opportunity to gather available information and tools 

to assist in developing and evaluating the proposed action and alternatives. Such 

information is essential to ensure that the EIS adequately addresses the effects of the 

proposed action and alternatives. 

 

Specific requirements of scoping include the following: 

• Determining the scope (40 CFR 1508.25) and the significant issues to be analyzed 

in depth in the EIS. 

• Identifying and eliminating from detailed study the issues that are not significant 

or that have been covered by prior environmental review (40 CFR 1506.3), 

narrowing the discussion of these issues in the statement to a brief presentation of 

why they would not have a significant effect on the human environment, or 

providing a reference to their coverage elsewhere. 

• Indicating any public environmental assessments and other environmental impact 

statements that are being or will be prepared and are related to but are not part of 

the scope of the impact statement under consideration. 
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• Identifying other environmental review and consultation requirements so the 

USACE can prepare other required analyses and studies concurrently with, and 

integrated with, the EIS as provided in 40 CFR 1502.25. 

• Considering how the proposed action might affect resource areas cumulatively; 

that is, whether the resources, ecosystems, and human communities of concern 

have already been affected by past or present activities and whether other 

agencies or the public has plans that could affect the resources in the future. 

 

During the formal scoping period, which ended November 21, 2008, the Corps received 

2,269 comments from 643 individuals, organizations, and agencies. The agencies 

included federal, state, and local governments. Federal agencies that submitted comments 

were the EPA Region 4, the SEPA, and the USFWS. Political leaders from the Georgia 

and Florida U.S. congressional delegation submitted comments along with members of 

the Georgia House of Representatives. The three states––Alabama, Georgia, and Florida–

–submitted comments from their associated state agencies. Other local governmental 

agencies, including the MNGWPD; the ARC; Franklin County, Florida; Hall County, 

Georgia; Troup County, Georgia; Gwinnett County, Georgia; and the City of LaGrange, 

Georgia, submitted comments as well. 

 

All the comments were reviewed and organized into 12 categories, as discussed in 

Section 3 of this report: 

• Water Management Recommendations: 34 percent 

• Socioeconomics and Recreation: 25 percent 

• Biological Resources: 11 percent 

• Drought Operations: 7 percent 

• Water Quality: 6 percent 

• Water Supply: 5 percent 

• National Environmental Policy Act: 5 percent 

• Data, Studies, and Analytical Tools: 3 percent 

• Navigation: 1 percent 

• Hydropower: 1 percent 
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• Flood Risk Management: less than 1 percent 

• Other Resources: 2 percent 

The majority (70 percent) of the comments were related to water management 

recommendations, socioeconomics, and biological resources. 

 

5.1 Recommendations 
In January 2008 Secretary of the Army Pete Geren directed the Corps to update the 

Master Water Control Manual for the Apalachicola-Chattahoochee-Flint River Basin. 

The current Master Manual was completed in 1958, and consequently it does not include 

water control plans for West Point Dam, Walter F. George Lock and Dam, and George 

W. Andrews Lock and Dam. An updated Master Manual that includes water control plans 

for all the projects in the ACF River Basin is required by Engineer Regulation 1110-2-

240. The Master Manual needs to describe project operations for congressionally 

authorized and general statutory project purposes in the basin while balancing private, 

community, social, and economic needs and sound environmental stewardship. The 

purpose of the proposed action is to update the Master Manual to include current project 

operations under the existing congressional authorizations, taking into account changes in 

basin hydrology and consumptive demands due to years of growth and development, new 

or rehabilitated structural features, and environmental issues.  

 

On the basis of the stakeholder comments received during scoping, it is clear that issues 

of greatest concern are the potential for significant impacts to socioeconomics, water 

resources, and biological resources.  These three topics should be emphasized in the EIS 

and should be the recommended alternative in the Master Manual. 

  

Stakeholders also recommended a number of alternative scenarios for various projects in 

the ACF River Basin that do not fall under the current authority of this proposed action. 

The Corps recognizes that there are scenarios that will need to be considered as part of 

the analysis that are outside the current authority. Such scenarios might include 

modifications to the pool elevations and rule curves. All the actions taken by the Corps in 

updating the Master Manual must meet the congressionally authorized project purposes at 



Scoping Report for the ACF River Basin                                                                      January 2009  
 

            _______________________________________________________________  
  

91

all the reservoirs except where doing so is legally or physically impracticable. 

 

5.2 EIS Schedule 
Completing the EIS and updating the Master Manual will take approximately three years. 

A Notice of Availability will be published in the Federal Register when the Draft EIS is 

available for public review (currently anticipated in spring 2010). Public meetings will 

also be held following publication of the NOA to solicit comments on the Draft EIS. 

Each comment and the corresponding response will be incorporated into the EIS. The 

Final EIS and Record of Decision are currently anticipated for publication in late 2011. 

 

The scoping report is posted at www.acf-wcm.com and can be downloaded with or 

without the appendices. 
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7.0  Acronyms and Abbreviations 
 
ACCG Association of County Governments of Georgia 
ACF Apalachicola-Chattahoochee-Flint River Basin  
ACT Alabama-Coosa-Tallapoosa River Basin 
ADCNR Alabama Department of Conservation and Natural 

Resources 
AOWR Alabama Office of Water Resources 
ARC Atlanta Regional Commission 
BMPs Best Management Practices 
CEQ Council on Environmental Quality 
CFR Code of Federal Regulations 
cfs cubic-foot-per-second 
COE U.S. Army Corps of Engineers 
Corps U.S. Army Corps of Engineers 
CWCS Comprehensive Wildlife Conservation Strategy 
D.C. Court Federal District Court for the District of Columbia 
EIS Environmental Impact Statement 
EPA U.S. Environmental Protection Agency 
ER Engineer Regulation 
ESA Endangered Species Act 
FDEP Florida Department of Environmental Protection 
FERC Federal Energy Regulatory Commission 
GAEPD Georgia Environmental Protection Division 
HEC Hydrologic Engineering Center  
IOP Interim Operating Plan 
Master Manual Master Water Control Manual for the Apalachicola-

Chattahoochee-Flint River Basin 
mg/L milligrams per liter 
MNGWPD Metropolitan North Georgia Water Planning District 
MOA Memorandum of Agreement 
msl mean sea level 
MW Megawatts 
NEPA National Environmental Policy Act 
NGVD National Geodetic Vertical Datum 
NMFS  National Marine Fisheries Service 
NOA Notice of Availability 
NOAA National Oceanic and Atmospheric Administration 
NOI Notice of Intent 
NPDES National Pollutant Discharge Elimination System 
P.L. Public Law 
RIOP Revised Interim Operating Plan 
SeFPC Southeast Federal Power Customers, Inc 
SEPA Southeastern Power Association 
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SOS West Point Lake Advisory Council Needs Your Show of 
Support (name of organization) 

TMDLs Total Maximum Daily Loads 
TOC top of conservation pool 
USACE U.S. Army Corps of Engineers 
USFWS U.S. Fish and Wildlife Service 
USGS U.S. Geological Survey  
WCM Water Control Manual 
WRDA Water Resources Development Act  
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APPENDIX D: RESULTS OF METRICS MODELING 

I. LIST OF METRICS 

Hydrologic criteria for harm: Harm occurs when 

Species and habitat flow stays below flow threshold for durat ion and 

Metric name 
season Ind icated 

Habitat location Flow threshold 
Duration, in 

Species Habitat type days (T=total; Season 
Reach River mile (cfs) 

C=consecutive) 

Muss-MC-6k Mussel assemblage Main channel margins Mid riv, low riv 21-78 6,000 7 (C) Jun 1-Sept 30 

Muss-MC-Bk Mussel assemblage Main channel margins Mid riv, low riv 21-78 8,000 7 (C) Jun 1-Sept 30 

Muss-MC-10k Mussel assemblage Main channel margins Mid riv, low riv 21-78 10,000 7 (C) Jun 1-Sept 30 

Muss-Slu-Swf Mussel assemblage Floodplain sloughs Site in low riv 40.2 5,700 30 (C) Jun 1-Sept 30 

Muss-Siu-Hog Mussel assemblage Floodplain sloughs Site in low riv 40.0 7,600 30 (C) Jun 1-Sept 30 

Fish-lnunFor60 Rsh assemblage Inundated forests 
Mid riv, low riv, 

14-78 14,000 60 (T) Mar 1-Sept 30 
upper tidal 

Fish-lnunFor120 Fish assembla11e Inundated forests 
Mid riv, low riv, 

upper tidal 
14-78 14. 00 120 (Tl Mar 1-Seo 30 

Fish-LgSlu-Ken Fish assemblage 
Large floodplain sloughs 

Site in low riv 26.0 12,000 30 (C) Jun 1-Sept 30 
(Lower Kennedy Creek) 

Fish-SmSlu-Swf Fish assemblage 
Small floodplain sloughs 

Site in low riv 40.2 5,700 5 (C) I Jun 1-Sep 30 
(Swift Slough) 

Fish-SmSlu-Mry Fish assemblage 
Small floodplain sloughs 

Site in mid riv 58.7 9,900 5 (C) Jun 1-Sep 30 
(Mary Slough) 

~ 

Sturg-YOY60 Gulf sturgeon Tidal distributaries l ow er tidal 0-10 7,000 60 (T) May 1-Sept 30 

Sturg-YOY120 Gulf sturgeon Tidal distributaries lower t idal 0-10 7,000 120 (T) May 1-Sept 30 

Tupelo-10% Tupelo & other swamp species 
Lowest 1096 of inundated Mid riv, low riv, 

14-78 14,100 90 (C) Mar 20 -Sep 22 
swamps upper tidal 

Tupelo-30% Tupelo & other swamp species 
lowest 3096 of inundated Mid riv, low riv, 

14-78 16,100 90 (C) Mar 20 -Sep 22 
swamps upper t idal 

Tupelo-SO% Tupelo & other swamp species 
Lowest 5096 of inundated Mid riv, low riv, 

14-78 18,000 90 (C) Mar 20 -Sep 22 
swamos unner tidal 
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II. SUMMARY OF OPINIONS 
As a result of my analysis and my expertise in hydrology and civil engineering, I 

offer the following opinions and conclusions:

• Contrary to claims by Florida, Georgia’s consumptive water use in the ACF 
Basin has not materially reduced flows into the Apalachicola River, in part 
because Georgia’s consumptive water use represents a relatively small 
fraction of total streamflow in the Basin, even when water is in its greatest 
demand and flows are at their lowest. 

o Georgia’s “consumptive water use”2 for municipal and industrial (“M&I”3)
needs and agricultural (“Ag”) needs has always averaged less than 1,000 cfs 
per year. This amounts to less than 5% of the water annually flowing across 
the Georgia-Florida state line and entering the Apalachicola River, an 
average of approximately 20,000 cfs (see Figure 1). 

Figure 1. Average Annual Flow at Georgia-Florida State Line vs. Georgia’s Average Annual 
Consumptive Use (1980-2013) (Sources: 20160203-ACF-summary-GA-water-use-1980-2013.xlsx; 
Expert Report of Peter Mayer, P.E. (May 20, 2016); Expert Report of Suat Irmak, Ph.D. (May 20, 

2016)) 

                                                     
2  In this expert report, I use the term “consumptive water use” to refer to the total reduction in 
surface water streamflow resulting from net water withdrawals from the system. 
3  As explained in the Expert Report of Peter Mayer, P.E. (May 20, 2016), and as defined by the 
USGS (water.usgs.gov/watuse/wuglossary.html), M&I withdrawals are categorized separately from 
thermoelectric withdrawals.  For the purposes of this report and ease of presentation, however, we 
combine these three uses as “M&I.” 
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o Since 1994, Georgia’s total consumptive water use (M&I and Ag) has 
averaged less than 1,500 cfs for any given month, equivalent to less than 
10% of the average monthly streamflow in the Apalachicola River (see Figure 
2). These monthly average numbers confirm that even when water is in its 
greatest demand and flows are at their lowest, Georgia’s consumptive use 
represents a relatively small percentage as compared to state-line flow. 

Figure 2. Average Monthly Flow at Georgia-Florida State Line vs. Georgia’s Average Monthly 
Consumptive Use (1994-2013) (Sources: 20160223-ACF-GA-total-consumptive-monthly.xlsx; 

Expert Report of Peter Mayer, P.E. (May 20, 2016); Expert Report of Suat Irmak, Ph.D. (May 20, 
2016); USGS) 

• The USACE’s reservoir system in the ACF Basin moderates—and at times 
fully negates—the impact of Georgia’s consumptive water use on state-line 
flows during low-flow and drought periods. 

o The impact of Georgia’s consumptive water use from the ACF Basin on state-
line flow, during lower-rainfall periods, is moderated—and at times fully 
negated—by the USACE’s storing of water in its reservoirs in times of relative 
excess and releasing it in times of relative scarcity as needed. These 
strategic releases of water from the USACE’s reservoirs are part of the 
USACE’s overall management and regulation of water in the ACF Basin to 
serve multiple federal project purposes. 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

Average Monthly Flow (cfs) Monthly Average Total Consumptive Use (M&I and Ag) (cfs)• • 



 

7
Confidential - S. Ct. 142 

o Georgia’s projected water supply needs for the entire ACF Basin through 
2040 for a typical dry year would amount to an increase in net consumptive 
water use of about 62 cfs, or less than a 10% increase in Georgia’s highest 
recorded levels of water use (2011). 

o The resulting decrease of streamflow at the state line during low-flow periods 
resulting from Georgia’s projected incremental increase in consumptive water 
use would often be 0 cfs, as a result of the USACE’s regulation of water in the 
Basin. 

o When the small increase in Georgia’s projected 2040 consumptive water use 
is coupled with the additional water that will flow into the ACF river system 
due to increased runoff from land use changes in Georgia, there would 
continue to be a net increase in the streamflow crossing the state line and into 
the Apalachicola River as Georgia’s population and water needs increase. 

• Reducing Georgia’s consumptive water use would not materially increase 
flows across the Georgia-Florida state line, especially during low-flow or 
drought periods. 

o Reducing Georgia’s consumptive use by as much as 30% of its most recent 
highest rates—or even down to its 1992 rates—would provide little to no 
increase in the amount of water crossing the state line. This is due both to the 
minimal amount of water consumed in Georgia relative to streamflow in the 
ACF Basin as well as to USACE operations in redistributing water entering 
the Basin as it travels towards and into Florida. 

o This is especially true during low-flow periods, given the manner in which the 
USACE operates its reservoirs and dams. The USACE releases stored water 
in its reservoirs to supplement low flows in the river downstream, which 
results in the lowering of these reservoir pool levels. During times of drought, 
water conserved as a result of hypothetically reduced consumptive use by 
Georgia will not immediately translate into increased flows at the state line, 
which are maintained at 5,000 cfs by the USACE. Instead, under USACE 
reservoir operating procedures, any additional water that might be added to 
the river system during such times will effectively be offset by the USACE not 
releasing as much stored water from its reservoirs, and thus the benefit of this 
added water will not be immediately realized downstream at the state line.

o Even with a reduction in Georgia’s water use by almost half (down to its 1992 
rates), low flows at the state line during the dry summer and fall months that 
were averaging about 5,000 cfs generally would not increase at all due to the 
USACE reservoir operating procedures (see Figure 5). 
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IV. GEORGIA’S CONSUMPTIVE WATER USE IN THE ACF 
BASIN HAS NOT MATERIALLY REDUCED FLOWS INTO THE 
APALACHICOLA RIVER 
Contrary to Florida’s claims, Georgia’s total consumptive water use in the ACF 

Basin has not materially reduced flows crossing the state line and into the Apalachicola 
River in Florida, in part due to the relatively small amount of Georgia’s consumptive 
water use as compared to the flows at the state line. In addition, the USACE’s reservoir 
system and its operating procedures help to moderate—and at times fully negate—the 
impact of Georgia’s consumptive water use in the ACF Basin by redistributing water 
throughout the ACF Basin, especially during drought and low-flow periods. Finally, the 
impact of Georgia’s consumptive water use on flows crossing the state line and into the 
Apalachicola River has been more than offset by the increase in runoff that is generated 
by land use changes in Georgia. 

A. Georgia’s Total Consumptive Water Use Is Relatively 
Small In Comparison to Total State-Line Flow into the 
Apalachicola River 

One metric that is helpful to understand the potential impact of Georgia’s 
consumptive water use on streamflow in the ACF Basin is the magnitude of Georgia’s 
consumptive water use compared to overall streamflow in the Basin. 

In Figure 23, Georgia’s total consumptive water use from 1980-2013 is compared 
to streamflow for the same period. As can be seen, Georgia’s total consumptive water 
use is a very small amount of water compared to the annual average flows in the ACF 
Basin entering Florida.  
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Figure 23. Average Annual Flow At Georgia-Florida State Line vs. Georgia’s Consumptive Use 

(1980-2013) (Source: GAEPD, USGS) 

Georgia’s total consumptive water use for M&I and Ag increases during lower 
rainfall periods, typically the summer and fall months of May–September. At the same 
time, streamflow is typically lower. As can be seen in Figure 24, on average, Georgia’s 
consumptive water use during the months of May–September averages about 1,170 cfs 
per month, with the months of July and August having the highest use of about 1,330 
cfs.  This compares to the average monthly flow crossing the state line during May–
September of about 15,000 cfs, or less than 10% of that streamflow. Although higher 
than the annual consumptive water use, these monthly and seasonal numbers confirm 
that even when water is in its greatest demand, Georgia’s total consumptive water use 
represents a small percentage of water as compared to the amount of streamflow that 
crosses the state line. 
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Figure 24. Average Monthly Flow at Georgia-Florida State Line vs. Georgia’s Consumptive Use 
(1994-2013) (Source: GAEPD, USGS) 

As can be seen in Figure 25, from 1989-1998, Georgia’s total consumptive water 
use was approximately 500 cfs on an annual average basis, which is small compared to 
the total streamflow of almost 25,000 cfs crossing the state line on an annual average 
basis during this same time period (about 2%). This was also a period of above-normal 
rainfall that was producing above-normal streamflow at the state line. During the 
drought period of 1999-2002, both M&I and Ag consumptive water use increased. M&I 
consumptive water use averaged over 300 cfs while the Ag consumptive water use 
averaged about 500 cfs. During the severe drought of 2006-2007, M&I consumptive 
water use averaged almost 400 cfs while the Ag consumptive water use averaged about 
450 cfs. With the ongoing implementation of conservation measures, Georgia has been 
able to reduce its M&I consumptive water use such that during the extreme drought 
period of 2011-2012, it averaged about 300 cfs, with the total consumptive water use 
averaging about 800 cfs (about 9% of the average annual flow at the state line during 
this 2-year drought period). 
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The numbers in Figure 33 are only consumptive water use numbers under 
Baseline 2011 and Scenario 2040; they do not reflect the state line flow impacts (if any) 
when those numbers are run through the ResSim model. This figure reflects all 
consumptive water uses above the Florida state line, which includes both Georgia and 
Alabama’s consumptive water use. However, for comparison purposes, Alabama’s 
consumptive water use values were held constant at 2007 levels, and the difference 
reflects the projected increase in Georgia’s water demands in the Basin from Baseline 
2011 to Scenario 2040.17

The Scenario 2040 increase in consumptive water use is about 62 cfs on an 
annual average basis over the entire ACF Basin.  This is representative of a typical dry 
year and therefore does not have as much Ag use as was seen in the Baseline 2011 
condition, which was an extreme drought year.18  The largest increase was in the M&I 
use in the Metro Atlanta area, averaging 71 cfs for the year.  Figure 33 shows the 
monthly distribution of the total consumptive water use above the state line for these 
two scenarios that were simulated in ResSim to compare the results to see what impact, 
if any, an increase in Georgia’s projected consumptive water use would have at the 
state line. 

D. Georgia’s Projected Future Increases in Consumptive 
Water Use Would Not “Lead to Substantial Additional 
Streamflow Depletions” 

Annual, seasonal, and monthly average flows were obtained from the ResSim 
computer model for the period 1975-2011 at the state line based on Georgia’s current 
(2011) consumptive water use for both M&I and Ag as the “Baseline 2011” condition. To 
understand the impact of changes in consumptive water uses during low flow, summer, 
and fall periods on flows at the state line, analyses using ResSim of seasonal and 
monthly impacts of the increase in projected consumptive water use were undertaken 
for normal, wet, and dry years (2003, 2007, 2009, and 2011).  2003 characterizes a wet 
year, while 2009 characterizes a normal year with respect to annual rainfall. Both 2007 
and 2011 characterize dry years with significantly below normal levels of rainfall. 

Figures 34-37 show the results of these ResSim model simulations in comparing 
flows at the state line between Baseline 2011 and Scenario 2040 levels of consumptive 
use for hydrologic conditions of selected years. Note that the increase in Georgia’s 
projected consumptive use under Scenario 2040 results in no change in the streamflow 
crossing the state line during the low flow months (i.e., June, July, August, September, 
October, November) of the dry years of 2007 and 2011, while in other months and in 
other years there are both increases and decreases in the state-line flows. These 
changes in the monthly state-line flows from the increase in Georgia’s projected future 
consumptive use will eventually average out to equate to the 62 cfs average annual 
increase that has been projected. 
                                                     
17  For Scenario 2040, Alabama’s consumptive use was increased by 15% over 2007 levels. 
18  See Expert Report of Suat Irmak, Ph.D. (May 20, 2016). 
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Figure 38. Monthly Consumptive Use Above State Line (Georgia and Alabama) for Baseline 2011 
and 1992 Condition (Source: 20160223-ACF-GA-total-consumptive-monthly.xlsx; Expert Report of 

Peter Mayer, P.E. (May 20, 2016); Expert Report of Suat Irmak, Ph.D. (May 20, 2016)) 

B. Comparison of Baseline (2011) and Hypothetical 
Reduction Scenarios  

All consumptive water use scenarios were modeled using the Res-Sim computer 
model of the ACF Basin, and their results compared against the “Baseline 2011” 
scenario. The following figures show a sample of the results from the model simulations.  
The full set of results is provided in Appendix E. As shown in these figures, the impact 
on flows at the state line from reducing Georgia’s consumptive water use in the ACF 
Basin under various percent caps, or even to 1992 levels, is minimal. 

Figures 39 and 40 show the difference in the monthly and seasonal flows at the 
state line between the various scenarios for 2003, a wet year. As can be seen, there is 
very little difference between the flows crossing the state line between the various 
consumptive water use scenarios, especially during the summer months when there is 
no difference in the flows. The same can be seen for Figures 41 and Figure 42, which 
show the difference in monthly and seasonal flows at the state line between the various 
scenarios for 2007, a dry year. Figures 43 and 44 and Figures 45 and 46 show the 
difference in the monthly and seasonal flows at the state line between the various 
scenarios for the 2009 and 2011, respectively, reflecting another example of a wet and 
dry year. 
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As the above figures show, there is minimal difference in baseline flows on both 
a monthly and seasonal basis from significant hypothetical reductions in Georgia’s 
consumptive use.  This is especially true for dry years (e.g., 2007 and 2011). In dry 
years like 2007 and 2011, significant reductions in Georgia’s consumptive use would 
lead to virtually no change in state-line flows during the low-flow months (e.g., June, 
July, August, September). All of these figures and tables show the importance and 
significance of the USACE and its reservoir operations in affecting the amount of water 
flowing across the state line and into the Apalachicola River. This is especially important 
to understand when changes to Georgia’s consumptive use are being considered, 
whether they be an increase or a decrease.  Such changes have been shown to not 
automatically translate to a comparable change at the state line and into Florida.  This is 
due to the nature of the USACE operations that will hold water in its reservoirs to meet 
certain project purposes and then release this water at a later time to meet other 
authorized project purposes. 

Table 6 shows the difference between the average annual flow at the state line 
for the Baseline 2011 condition and the 1992 condition. Again, the difference in flow at 
the state line varies from the 379 cfs difference in consumptive water use between 
these two scenarios, and is explained by the change in storage in the USACE 
reservoirs. For example, in drought years 2000, 2007, and 2011, the average increase 
in state line flows is far less than the 379 cfs increase in flow contribution to the ACF 
Basin from this hypothetical reduction in Georgia’s consumptive use. This is due to the 
USACE storing more water in its reservoirs than it would otherwise without this 
additional inflow to the system. This extra stored water is released during later years, 
such as 2009, when the average annual increase is more than 379 cfs. 

Table 6. Annual Flow, Change in Storage, and Consumptive Use Difference (cfs) Comparison 
Between Baseline 2011 and 1992 Condition (2000–2011) 

Year Baseline 
Flow 

1992 
Flow 

Difference 
in Flow 

Difference 
in  

Storage 

Difference in 
Flow +  
Storage 

Difference in 
Consumptive 

Use 
2000 9318 9520 201 180 382 

379

2001 16127 16567 441 -58 383 
2002 11031 11465 434 -52 381 
2003 26204 26615 410 -25 385 
2004 17058 17443 385 -2 382 
2005 28884 29264 380 -2 378 
2006 13079 13403 323 57 380 
2007 9921 10110 189 187 376 
2008 14392 14749 357 21 378 
2009 28542 29196 654 -266 388 
2010 22139 22505 366 17 383 
2011 9777 9914 137 234 370 

Average 17206 17563 356 24 380 379 
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water being released from Woodruff Dam and flowing into the Apalachicola River 
Florida.  
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VII. APALACHICOLA RIVER AND BAY INFLOWS HAVE 
DECLINED IN RECENT YEARS AS A RESULT OF 
CLIMATOLOGIC AND HYDROLOGIC FACTORS—NOT 
GEORGIA’S CONSUMPTIVE WATER USE 
USGS streamflow records for the Chattahoochee Gage on the Apalachicola 

River, just downstream of Woodruff Dam, show that flows crossing the state line and 
entering into the Apalachicola River have declined in recent years. It is also clear from 
analyzing rainfall records for the ACF Basin from NOAA and others that these reduced 
flows are primarily a result of the reduced rainfall over the Basin, especially during the 
three significant drought periods in the last 15 years or so, and not Georgia’s 
consumptive water use.  

A. Apalachicola River at Chattahoochee, Florida (1929–
2014) 

An initial analysis of the average annual streamflow in the ACF Basin crossing 
the state line was performed using over 80 years of data from the Chattahoochee, 
Florida USGS stream gage on the Apalachicola River, and comparing it to the 
corresponding rainfall over the ACF Basin above the state line, as was shown 
previously in Figure 17.  Figure 47 below shows the correlation between the annual 
average rainfall to streamflow at the state line, having a correlation coefficient of 0.6209 
(a value of 1.0 would represent a perfect match). 

 
Figure 47. Correlation of Rainfall to Streamflow on Apalachicola River at Gage Near 

Chattahoochee, FL (1929 - 2014) (Source: NOAA; USGS) 
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This annual average streamflow and rainfall data clearly show a correlation 
between the amount of rainfall over the ACF Basin and the corresponding streamflow at 
the state line. However, given the influence that the USACE reservoir operations have 
on smoothing out and redistributing inflows into the ACF river system, even over a 
period longer than a year (as was shown in the previous Tables 5 and 7), analyzing 
flows at the state line as compared to rainfall might better be correlated by using the 
two-year running average values rather than the annual average value.   

As shown in Figure 48, the correlation between rainfall and streamflow at the 
state line becomes even closer when analyzing the two-year running average values, 
which has a correlation coefficient of 0.729. 

 
Figure 48. Correlation of Two-Year Running Average Rainfall to Streamflow on Apalachicola River 

at Gage Near Chattahoochee, FL (1929 - 2014) (Source: NOAA; USGS) 

As the two figures above show, the two-year running average rainfall and 
streamflow data show a better correlation to each other than the one-year average 
values.  This is due to the USACE reservoir storage and release operational procedures 
that tend to dampen and moderate changes in runoff entering the river and reservoir 
system of the ACF Basin that can extend the impact from any such changes beyond a 
year or so. The two-year running average rainfall and streamflow data at the state line 
were plotted for the Chattahoochee gage’s period of record from 1929-2014, as shown 
in Figure 49. This figure shows the general pattern and trend of the two-year running 
average streamflow crossing the state line, along with the corresponding rainfall which 
generally follows the same pattern and trend as the streamflow. It is important to note 
that in the last 15 years of this period of record, there have been 3 significant drought 
periods, more so than in any other portion of this data record. Rainfall amounts were 
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significantly lower during these recent drought periods, as were the corresponding 
streamflow at the state line. This is more evident by analyzing this data using two-year 
running average values rather than annual and decadal values of streamflow and 
rainfall. 

  
Figure 49. Two-Year Running Average Rainfall and Streamflow on Apalachicola River at Gage 

Near Chattahoochee, Florida (1929-2014) (Source: NOAA; USGS) 

Figure 49 shows the extent and severity of the three drought periods since 1998 
(1999-2001, 2006-2008, 2010-2012) as compared to the earlier periods. Figure 49 
shows that the three multi-year, low rainfall drought periods correspond to the three 
multi-year, low flow periods observed in the past 15 years. This is clear indication that 
the recent periods of low streamflow seen at the state line are primarily caused by 
correspondingly low rainfall. 

Besides rainfall, there are other factors that affect the amount of water flowing 
across the state line in more recent years. For example, since 1970, the amount of 
Georgia’s consumptive water use has increased, but the total amount of such use has 
never been over 1,000 cfs on an annual average basis (at about 300 cfs for M&I and 
500 cfs for Ag). This represents about 10% of the total annual average flow across the 
state line during most of the severe drought years of this recent period. A closer 
analysis of the effect of such consumptive water use on the streamflow crossing the 
state line is presented in Section IV.  That section of the report also explains that urban 
development in the ACF Basin increases the annual average streamflow by an estimate 
of over 1,200 cfs and more than offsets the corresponding decrease in streamflow 
caused by Georgia’s consumptive water use. 
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Thus, while there has recently been a reduction in the amount of water annually 
crossing the state line, the primary cause is the recent drought periods of reduced 
rainfall that result in an even greater reduction in the corresponding streamflow. 
Consumptive water use in the ACF Basin by Georgia contributes to the reduction in the 
amount of water crossing the state line, but to a much lesser degree. Increased runoff 
due to land use changes increases the amount of water crossing the state line and 
more than offsets the associated consumptive water use as the population grows.  

B. Apalachicola River at Sumatra, Florida (1978–2014) 
Streamflow, and the corresponding rainfall, have been analyzed at the USGS 

stream gage near Sumatra, Florida on the Apalachicola River (19,200 mi2 of drainage 
area) to understand the historic flows entering into the Apalachicola Bay from the ACF 
Basin over the same time period.  The Sumatra Gage is the best available estimate of 
the amount of water entering the Apalachicola Bay from the Apalachicola River. 

First, annual mean flows and decadal mean flows at the USGS gage near 
Sumatra, Florida, from 1978-2014 were analyzed and compared to the corresponding 
rainfall over the ACF Basin, as shown in Figure 50. This analysis again shows a strong 
relationship between rainfall and streamflow, with a similar pattern of higher rainfall and 
streamflow during the earlier portion of the period as compared to the later portion. This 
would be expected since about 90% of the ACF watershed at the Sumatra Gage 
location lies above the state line (17,200 mi2 out of 19,200 mi2). Thus, the pattern of 
streamflow to rainfall that was observed at the state line when analyzing the data at the 
Chattahoochee Gage should also be prevalent at the Sumatra Gage, since only about 
10% of additional drainage area in Florida contributes to the streamflow in the 
Apalachicola River at the Sumatra gage.  

 
Figure 50. Average Annual and Decadal Rainfall and Streamflow for ACF Basin at Gage Near 

Sumatra, Florida (1978-2014) (Source: NOAA; USGS) 
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Therefore, the more recent reduction of streamflow entering the Apalachicola 
Bay from the Apalachicola River is primarily due to the reduced rainfall over this same 
period, where a number of years of low rainfall resulted in low flows recorded at the 
Sumatra Gage.  Again, the amount of Georgia’s consumptive use played an even lesser 
role in affecting the amount of water that entered the Bay as compared to what was 
crossing the state line, since more water enters into the river below the state line as it 
flows through Florida on its way to Apalachicola Bay. 

C. Florida’s Contribution to Flows into Apalachicola Bay 
Has Decreased in Recent Years 

As part of my streamflow and rainfall analysis, I also considered the portion of the 
ACF Basin below the state line that contributes to flows into the Apalachicola Bay. As 
shown in Table 7 below, a drainage area of about 2,000 mi2, or 10% of the ACF Basin 
lies between the state line and the Sumatra Gage in Florida (an additional 400 mi2 of 
area drain into this ACF Basin between the Sumatra Gage and Apalachicola Bay). 

Table 7. Non-Florida and Florida Portions of the Drainage Area for the ACF Basin at Sumatra, 
Florida 

 Drainage Area (mi2) Percent (%) of ACF Basin 
Non-Florida Portion 17,200 90% 

Florida Portion 2,000 10% 
Total 19,200 100% 

To understand the specific portion of flows that Florida contributes to the total 
flows within the ACF Basin, the difference between flows along the Apalachicola River 
at the Chattahoochee Gage and the Sumatra Gage were analyzed (see Figure 12 for 
location of these gages). The flows reported at the Chattahoochee Gage for the 
Apalachicola River equate to the flows from both the Chattahoochee and Flint Rivers 
and resulting releases from the Jim Woodruff Dam; whereas flows seen at the Sumatra 
Gage equate to these flows as well as flows being added or subtracted as the 
Apalachicola River flows through Florida. By subtracting the flows at the Chattahoochee 
Gage from the flows at the Sumatra Gage this incremental flow contribution from Florida 
to the streamflow in the Apalachicola River and ultimately into the Apalachicola Bay can 
be determined. 

The contributions of the gaged flows from the non-Florida and Florida portions of 
the ACF Basin, as shown in Figure 51, show that the Florida portion of the ACF Basin 
had a fairly consistent contribution of roughly 5,000 cfs from 1978 to 1998. After 1998, 
however, the average contribution of the Florida portion of flows to the ACF Basin 
generally declined to roughly 1,000 to 2,000 cfs, much lower than in earlier years.  
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Figure 51. Average Annual Flow Contributions of Non-Florida and Florida Portions of ACF Basin 

at Gage Near Sumatra, Florida (1978-2014) (Source: USGS) 
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Florida portion of the ACF Basin seen in previous figures. Likewise, the strong 
relationship between rainfall and streamflow that has been seen at the state line does 
not appear in the data shown for the Florida portion of the ACF Basin. This suggests 
that there is some other reduction in streamflow occurring in the Apalachicola River 
entirely within Florida that is not directly attributable to rainfall or to the flows crossing 
the state line. 
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Figure 52. Average Annual Flow and Rainfall for Florida Portion of ACF Basin (1978-2014) (Source: 

NOAA; USGS) 

 

 
Figure 53. Percentage of Flow Contribution from Non-Florida and Florida Portions of ACF Basin 

(1978-2014) (Source: NOAA; USGS) 
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Figure 54. Ratio of Flow vs. Rainfall for Florida Portion of ACF Basin (1978-2014) (Source: NOAA; 
USGS) 

It is not clear why Florida’s portion of flow into the ACF Basin has continued to 
consistently drop even when rainfall has been generally constant, but it is clear that 
Florida’s relative contribution to flow in the ACF Basin has been decreasing. In other 
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summer months is relatively small, if not negligible. Again, this lack of benefit to Florida 
from hypothetical cutbacks on Georgia’s consumptive use during these low flow periods 
is due to the USACE and its reservoir operating procedures, which will offset additional 
inflow from the Flint River with less releases from storage on the Chattahoochee River. 
The results of this ResSim modeling is an example of the minimal impact on streamflow 
at the state line from such a “conservation scenario,” especially during the low flow 
months and for a low-flow year.

B. Responses to Dr. Shanahan & Mr. Barton 

1. Contrary to Dr. Shanahan and Mr. Barton, USACE Operations 
and Policy Confirm that Additional Inflow from the Flint River 
from Reductions in Georgia’s Consumptive Use Would Be 
Offset by Storage in the USACE Upstream Reservoirs 

Dr. Shanahan’s key opinion is that the “stated policy” of the USACE is to store 
water in its reservoirs during the spring and release stored water from its reservoirs 
during the summer and fall, and that the USACE’s “actual operations” confirm this 
stated policy. In fact, the USACE’s policy regarding reservoir storage is directly contrary 
to Dr. Shanahan’s opinion: the USACE’s express goal is to keep the reservoirs as full as 
possible during the summer and early fall months. Dr. Shanahan further opines that if 
reductions in Georgia’s consumptive use created additional inflows to Lake Seminole 
from the Flint River, the USACE reservoirs would not be operated so as to offset this 
additional inflow, since this would be contrary to USACE stated policy of “increasing 
storage” in the summer and fall, and that the reservoirs have not been historically 
operated in such a way. In addition to misstating the USACE’s policy, Dr. Shanahan 
misinterprets and mischaracterizes how the USACE has operated its reservoirs, which 
show that inflow from the Flint River to Lake Seminole is directly correlated with 
reservoir storage in the ACF Basin. This confirms that increased flow from the Flint 
River translates to increased storage in the reservoirs. Furthermore, results from the 
USACE’s ResSim model show that such an offset would occur.

2. Dr. Shanahan’s Opinion Regarding the USACE’s “Stated 
Policy” Against Reservoir Storage Is Not Supported by Any 
Evidence 

Dr. Shanahan mistakenly opines that “the stated policy of the Corps of Engineers 
is to store water in reservoirs during the spring and to release storage during the 
summer and fall.”  This is contrary to the USACE’s statement that they try to keep their 
reservoir lake levels as high as possible during the summer and fall months.  His 
mistaken understanding of the USACE policy is based on incorrect citations to the 
USACE’s DEIS that involve its flood management policies rather than its normal 
operations in dealing with the reservoirs’ conservation storage pools.  Dr. Shanahan 
also misinterprets historic releases during the summer and fall as being consistent with 
his interpretation of USACE policy, rather than the fact that the USACE needs to 
release water during the summer and fall at times to meet certain project purposes, but 
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Woodruff Dam Flow Requirement for Apalachicola River

Because these reservoir projects altered the pre-reservoir flow regime of the river 
system downstream, there is also a need to ensure that fish and wildlife and other water 
quality issues are being considered when developing the reservoir regulation plan or 
manual. Releases from Woodruff Dam under normal operations have typically provided 
conditions in the river suitable for fish and wildlife purposes. However, following recent 
droughts, the USACE initiated consultation with the U.S. Fish and Wildlife Service 
(“USFWS”) regarding the effects of existing operations at Woodruff Dam on threatened 
and endangered species and federally designated critical habitat, especially during 
drought conditions and spawning periods. An interim operating plan (“IOP”) was 
implemented in 2006 following this consultation, with minimum flow provisions 
becoming part of the overall plan to avoid and minimize impacts on the listed species 
(2015 USACE DEIS, p. 2-70). Based on further consultation with the USFWS following 
the increasingly severe drought conditions in 2007–2008 and in 2011–2012, the USACE 
revised the IOP twice (in 2008 and in 2012). Today, releases from Woodruff Dam to the 
Apalachicola River are governed by the 2012 revision, termed the Revised Interim 
Operating Plan (“RIOP”).2 In both 2008 and 2012, the USFWS confirmed that the 
USACE’s minimum releases from Woodruff Dam under the RIOP were acceptable 
under the USFWS’s Biological Opinions and were found not to lead to jeopardy of 
threatened or endangered species (USFWS 2012 BiOp, p. 143-44; USFWS 2008 BiOp, 
p. 178-79).

The Corps’ drought contingency plan specifies a 5,000 cfs release rate from 
Woodruff Dam into the Apalachicola River in the event of drought conditions. This 
drought condition is determined based on the composite storage present in the 
upstream reservoirs. The drought plan is triggered if the total composite conservation 
storage falls below Zone 3 and into Zone 4,3 which varies based on the time of year to 
account for seasonal variability in basin inflow. When the drought plan is triggered, the 
flow release from Woodruff Dam is 5,000 cfs, even if the inflow to Lake Seminole is less 
than that amount. If drought conditions worsen and composite storage falls into the 
Drought Zone, the plan dictates that the system is in Extreme Drought Operation, and 
the release is lowered to 4,500 cfs.4 Once inflows increase and storage levels fully 
recover (i.e., to Zone 1), the Corps will discontinue drought plan provisions for 

2 In late 2015, as part of its process for revising its Water Control Manual for the ACF Basin, the 
USACE published a Proposed Action Alternative (“PAA”), which is a set of reservoir operations that would 
replace the 2012 RIOP. However, until the PAA is formally adopted by the USACE, the RIOP continues to 
govern releases from Woodruff Dam. For more information regarding the history of USACE reservoir 
operations in the ACF Basin, see Appendix D.

3 The PAA would initiate drought operations when composite storage falls below Zone 2 into Zone 
3, rather than into Zone 4.

4 Since 2006, when the Corps initiated its modified operating procedures to address minimum flows 
crossing the state line, the only time that the Corps knowingly allowed the flow at the state line to fall 
below 5,000 cfs was during a portion of November 2007, when the Corps lowered the minimum threshold 
flow rate to 4,750 cfs during what was considered to be an extreme drought; later that month, additional 
rainfall within the ACF Basin allowed the Corps to return to the 5,000 cfs minimum flow requirement 
(USFWS 2012 BiOp, p. 53). During June 2011, flows fell slightly below 5,000 cfs due to inaccurate 
recorded gage data (USFWS 2012 BiOp, p. 57).
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supplementing low flows to maintain these flow requirements at the state line (2015 
USACE DEIS, p. 2-74). It is only when the reservoirs return to Zone 1 will any water
entering the USACE’s reservoir facilities over and above 5,000 cfs be permitted to flow 
downstream into the Apalachicola River. Until then, any additional water entering the 
USACE’s reservoir facilities goes to storage (i.e., filling up the reservoirs).

The USACE’s drought operations are determined by reservoir storage levels, 
rather than precipitation, streamflow, or the amount of water entering the reservoir 
facilities (basin inflow). Reservoir storage is more stable and is a better indicator of 
overall basin health than these factors, which are far more subject to short-term 
fluctuations. Thus, it is possible for USACE reservoirs to be in drought operations when 
basin inflow is above 5,000 cfs, and similarly it is possible for USACE reservoirs not to 
be in drought operations when basin inflow is below 5,000 cfs. This also means that if 
there are short-term increases in basin inflow over and above 5,000 cfs during drought 
operations, this would not automatically lead to additional state-line flow; the USACE 
would not alter its 5,000 cfs flow requirement at Woodruff Dam unless and until total 
reservoir storage recovers to Zone 1.

--
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V. ANALYSIS OF THE IMPACT OF THE USACE’S RESERVOIR
OPERATIONS ON FLOWS CROSSING THE GEORGIA-
FLORIDA STATE LINE

Under the 2012 RIOP, which governs the USACE’s reservoir operations in the 
ACF Basin, the amount of water stored in the USACE’s reservoirs or released at 
Woodruff Dam into the Apalachicola River is a function of three key factors:

1. season;
2. reservoir pool level (i.e., drought vs. non-drought operations); and
3. basin inflow (BI), or the total amount of water calculated to be entering the 

USACE’s reservoir facilities at a particular time.

In consideration of each of these factors, the USACE developed a complex 
series of rules governing the amount and timing of storages and releases in the ACF 
Basin, as reflected in Table 1 below.

Table 1. 2012 RIOP for Apalachicola River Minimum Discharge from Woodruff Dam by
Month and by Basin Inflow (Source: 2015 USACE DEIS p. 2-71, Table 2.1-5)

Composite Releases from Jim 
conservation Basin inflow (Bl) Woodruff Lock and Dam Bl available for 

Months storage zone (cfs) (cfs) storage• 
March-May Zones 1 2 34,000 2 25,000 Up to 100% Bl>25,000 

and 2 2 16,000 and< 34,000 2 16,000+50% Bl> 16,000 Up to 50% Bl>16,000 

2 5,000 and < 16,000 2 Bl 
< 5,000 2 5,000 

Zone 3 2 39,000 2 25,000 Up to 100% Bl>25,000 

2 11 ,000 and < 39,000 2 11,000+50% Bl > 11,000 Up to 50% Bl>11 ,000 

2 5,000 and< 11,000 2 Bl 
< 5,000 25,000 

June- Zones 1, 2, 2 22,000 2 16,000 Up to 100% Bl>16,000 
November and 3 2 10,000 and < 22,000 2 10,000+50% Bl> 10,000 Up to 50% Bl>10,000 

2 5,000 and < 10,000 2 Bl 
< 5,000 25,000 

December- Zones 1, 2, 2 5,000 2 5,000 (Store all Bl> 5,000) Up to 100% Bl > 5,000 
February and 3 < 5,000 2 5,000 

At all times Zone4 NA 2 5,000 Up to 100% Bl > 5,000 

At all times Drought Zone NA 2 4,500b Up to 100% Bl > 4,500 
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Season

The RIOP defines threshold levels for storage and releases by three seasons: 
“winter refilling season” (December–February), “spawning season” (March–May), and
“non-spawning season” (June–November).

Winter Refilling Season (December–February): During the winter refilling 
season, the USACE’s priority is refilling the reservoirs, which are typically low 
in storage by late November or early December, especially in drier years, 
because stored water is typically released each year to support the 5,000 cfs 
flow requirement at Woodruff Dam. During this season, the USACE maintains 
the 5,000 cfs flow requirement into Apalachicola River at all times, and any 
additional basin inflow above 5,000 cfs is stored in the reservoirs until the 
system is full. Thus, unless the reservoirs are full, Florida would not receive 
any additional state-line flow as a result of any reductions that might be made
in Georgia’s water use during this 90-day “refilling” period. Furthermore, even 
if additional flows would be allowed to materialize at the state line during this 
season, water is typically more abundant in the winter than in the summer 
and fall months, and thus there is less of a need throughout the basin for 
supplementing flows.

Spawning Season (March–May) and Non-Spawning Season (June–
November): During the spawning and non-spawning seasons, the USACE’s 
operational rules provide for reservoir releases at Woodruff Dam based on 
reservoir pool levels and basin inflow, as depicted in the table above.

Reservoir Pool Level

The amount of storage in the USACE reservoirs (reservoir pool level), as 
described by the composite conservation storage levels and associated action zones
reflected in Figure 5, triggers two different operational regimes: drought operations and 
non-drought operations.

Drought Operations: Under the RIOP, drought operations are triggered as 
soon as composite reservoir levels dip into Zone 4. During drought 
operations, the USACE will only release a guaranteed 5,000 cfs minimum 
flow across the state line at Woodruff Dam. Drought operations will continue 
as needed and will not conclude, even as precipitation and basin inflow 
increase, until all reservoir levels are raised and the composite storage in the 
reservoirs returns to Zone 1, the top layer of the reservoir system storage.
Thus, for the entire period that the USACE is in drought operations, the 
Apalachicola River will receive only 5,000 cfs crossing the state line. From the 
moment the reservoir pools dip into Zone 4 until they recover to Zone 1, any 
additional water entering the system will go to filling the reservoirs, even if 
basin inflow exceeds 5,000 cfs during that time. This is true even if basin 
inflow experiences short-term increases above 5,000 cfs, such as during a 

--
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flash precipitation event. In other words, regardless whether basin inflow is 
less than, equal to, or greater than 5,000 cfs, if the USACE reservoirs are in 
drought operations, the flow requirement at Woodruff Dam is 5,000 cfs, and 
Florida would not receive any additional state-line flow as a result of any 
reductions that might be made in Georgia’s water use.

Normal (Non-Drought) Operations: During non-drought operations, the 
USACE has established rules for determining how much water to store vs. 
how much water to release downstream into the Apalachicola River based on 
threshold levels of basin inflow. As a result, when the USACE is in non-
drought operations and basin inflow exceeds 5,000 cfs (but is below a higher 
threshold that varies by season) some or all of this basin inflow will 
materialize as additional state-line flow, according to the USACE’s threshold 
release levels described in the next section.

Thus, reducing Georgia’s consumptive use would only produce this additional 
water in the Apalachicola River when the USACE is in non-drought operations and
basin inflow is above 5,000 cfs but is below a higher threshold that varies by season. If 
the reservoir system is still in drought operations, then regardless whether basin inflow 
is at, above, or below 5,000 cfs, Florida would still receive 5,000 cfs at the state line,
and any basin inflow above 5,000 cfs would be stored to available storage capacity, and 
would not be passed down to Florida.

Basin Inflow

Finally, in determining how much water to store or release in the ACF Basin, the 
USACE takes into account basin inflow, or the amount of water calculated to be 
entering the USACE’s reservoir facilities at any given time, as depicted in Table 1 
above. Four “BI zones” representing threshold levels of basin inflow dictate how much 
water will be stored in the reservoirs or released into the Apalachicola River when the 
system is not in drought operations. Figure 6 below graphically represents an example 
of these four “BI zones” for a reservoir pool level being in Zone 1 and the associated 
rules for storage vs. release. I refer to these four zones as the “Augmentation Zone,” 
“No-Storage Zone,” “Half-Storage Zone,” and “All-Storage Zone.”
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Figure 6. Seasonal Reservoir Operational Thresholds for 2012 RIOP

Again, this graph represents a portion of the seasonal operational procedures
that assumes that the reservoir system is not in drought operations and the reservoirs
are at prescribed levels of storage demonstrating healthy reservoir status.

The four “BI zones” are as follows:

Augmentation Zone (red): The Augmentation Zone reflects a range of basin
inflow (<5,000 cfs) whereby flow augmentation is needed to maintain the 
threshold of 5,000 cfs at Woodruff Dam. During this time period, regardless 
how far basin inflow is below the 5,000 cfs threshold level, the USACE’s 
reservoir operations provide for releases of 5,000 cfs at Woodruff Dam 
(except for extreme drought conditions, when this threshold can be lowered to 
4,500 cfs). In other words, during this period, the USACE is “augmenting” 
flows to satisfy the 5,000 cfs flow requirement. When basin inflow is in the 
Augmentation Zone, Florida would not receive any additional state-line flow 
as a result of any reductions that might be made in Georgia’s water use.

o For example, if basin inflow were 4,000 cfs, the USACE would release 
1,000 cfs from storage to maintain the 5,000 cfs flow into the 
Apalachicola River. If Georgia’s consumptive use were hypothetically 
cut in a way that produced an additional 250 cfs, resulting in 4,250 cfs 
entering the system, the USACE would simply release 750 cfs from 
storage (instead of 1,000 cfs) to maintain the 5,000 cfs target. Florida 
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would not receive 5,000 cfs plus the incremental 250 cfs; that 250 cfs 
would instead be placed in storage under USACE’s operating plan and 
would not flow through to the Apalachicola River. Florida would not
receive any additional flows at that time as a result of Georgia’s 
reduced water use.

o Even if the basin inflow were more than 5,000 cfs, and the USACE 
reservoir system were in or recovering from drought operations, any 
additional water entering the system would not be released but rather 
would be stored in the USACE reservoirs. For instance, if 6,000 cfs 
were entering the system, all 1,000 cfs would go to storage if the 
reservoirs were still recovering from depleted levels. Florida would not
receive any additional flows at that time as a result of Georgia’s 
reduced water use.5

No-Storage Zone (green): The No-Storage Zone reflects a range of basin 
inflow between 5,000 cfs and a higher threshold that varies by season:

o During the spawning season (March–May), the No-Storage Zone is 
between 5,000 and 16,000 cfs.

o During the non-spawning season (June–November), the No-Storage 
Zone is between 5,000 and 10,000 cfs.

When basin inflow is in the Non-Storage Zone, the RIOP calls for the USACE 
to release the equivalent of basin inflow at Woodruff Dam so long as the 
reservoir system is not in drought operations and all the reservoirs have fully 
recovered from drought operations (i.e., system composite storage has
returned to Zone 1). Only if such conditions are satisfied would Florida
receive any incremental increase in the amount of basin inflow above 5,000 
cfs when basin inflow is in the No-Storage Zone. However, as explained 
below, the total amount of time during a drier or drought year during which 
basin inflow is in this zone and the reservoirs are not in drought operations is 
not predictable, and can be infrequent.

Half-Storage Zone (purple): The Half-Storage Zone reflects a range of basin 
inflow (>10,000 or 16,000 cfs and <22,000 or 34,000 cfs depending on the 

5 Florida has likewise acknowledged that additional basin inflow over 5,000 cfs does not 
automatically materialize as additional state-line flow, and instead would often be stored in the USACE 
reservoirs under the USACE’s operational rules. FL-ACF-01457637 ¶ 131 (Florida’s 2d Amended & 
Supplemented Compl. for Declaratory & Injunctive Relief, In re Tri-State Water Rights Litig., M.D. Fla., 
3:07-cv-00250-PAM-JRK (filed Jan. 10, 2008) (“FL 2d Am. Tri-State Compl.”) (noting that “[USACE’s 
drought operations] allow[] the Corps to store 100% of the water that would otherwise flow to the 
Apalachicola from the Chattahoochee River”) (emphasis added); Barr Dep. Ex. 3 at FL-ACF-02290908 
(July 20, 2012 Letter from Douglas Barr, Executive Director NWFWMD, to Dr. Donald Imm, USFWS 
(produced at FL-ACF-02290903) (“[T]here is no requirement to share the added storage with Florida to 
provide increased flow during the spring spawning period or for low flow augmentation in the summer and
early fall.”).
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Figure 7. RIOP’s Seasonal Reservoir Operational Thresholds & Basin Inflow (BI) for 
2007 (Drought Year)

As Figure 7 shows, in 2007 basin inflow starts at about 18,000 cfs in mid-
February and peaks in early March at almost 40,000 cfs, followed by a general decline 
into the summer and fall months before again increasing in December. 2007 basin 
inflow passes through all four zones. Starting in May and continuing through November, 
basin inflow was generally below 5,000 cfs (i.e. in the Augmentation Zone). If 2007’s 
basin inflow were repeated today,6 and assuming the system would not be in drought 
operations at any time, a simple calculation shows that there would be approximately:

273 total days when Florida would receive no additional state-line flow that 
would result from any reductions of Georgia’s water use. This reflects the total 
number of days when basin inflow is within the Augmentation Zone (in both 
the non-spawning and spawning seasons), the total number of days when 
basin inflow would be in the All-Storage Zone in the spawning season, and 
the total number of days of the refilling season.

6 The RIOP did not exist until April 2008, and thus did not govern USACE reservoir operations in 
2007.
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21 total days when Florida would receive only 50% of any additional state-
line flow that would result from any reductions of Georgia’s water use 
(because basin inflow would be in the Half-Storage Zone); and

71 total days when Florida would receive the full benefit of any additional 
state-line flow that would result from reductions of Georgia’s water use 
(because basin inflow would be in the No-Storage Zone). In other words, any 
additional basin inflow produced by a reduction in Georgia’s consumptive use 
would materialize as additional state-line flow for a total of 71 days—or 
approximately 19% of the year. Only 19 of these 71 days would occur
during the summer and fall months, when streamflows were at their 
lowest. The majority of days during this 71-day period would occur when
water in the ACF Basin is relatively plentiful.

Again, the above analysis assumes the reservoirs do not enter drought 
operations at any time. If drought operations do occur, which is often the case when 
basin inflow falls below the 5,000 cfs threshold, this would further limit the number of 
days where Florida would not receive the benefit of any reduction in Georgia’s 
consumptive use.

The number of days during which the system might be in drought operations can 
be estimated using reservoir simulation modeling, which provides additional support for
the above analysis.7 Reservoir simulation modeling performed by the USACE as part of 
its 2015 Water Control Manual (“WCM”) revision process shows that the ACF system 
would indeed fall into a drought operation by November 2007 (Source: 2015 USACE 
DEIS). This means the 5 days at the end of November 2007 with basin inflow above 
5,000 cfs might no longer be considered as days when excess basin inflow is passed 
downstream. This consideration would change the three numbers above to 278 days 
when Florida would not receive additional flow, 21 days when Florida would receive only 
half of additional flow, and 66 days when Florida would receive the full benefit of 
additional flow from any reductions in Georgia’s consumptive water use.

Figure 8 below shows recorded basin inflow (solid gray line) for 2009, a normal 
year of basin inflow. The 2008 RIOP governed USACE reservoir operations in 2009. 
Figure 8 provides an example of the relationship between recorded basin inflow and 
USACE reservoir operations during a higher precipitation year. As shown, basin inflow 
began around 20,000 cfs, peaked near 120,000 cfs in April, dropped down to between 
5,000 and 20,000 cfs for most of the summer and fall, and eventually increased to 
around 110,000 cfs by year’s end. In 2009, the basin inflow never dropped below the 
minimum threshold of 5,000 cfs to enter into the Augmentation Zone; thus, the USACE 
reservoirs presumably would have not released any water during this normal year of 
inflows to maintain the flow requirement at the state line of 5,000 cfs. This is because 

7 Reservoir simulation modeling can also provide further information on the potential system 
response under the USACE reservoir operating plan by depicting the extent to which reductions in 
consumptive use influence basin inflow levels, and thereby influence the number of days where the 
Apalachicola River would benefit from increased flows. My analysis using the USACE’s reservoir 
simulation model is presented in Section VI, below.
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Figure 9. RIOP’s Seasonal Reservoir Operational Thresholds & Basin Inflow (BI) for 
2012 (Drought Year)

As Figure 9 shows, basin inflow was above 5,000 cfs during January and 
February, and entered March at about 15,000 cfs, rose to 30,000 cfs before declining 
into the summer and fall months to a flow of generally less than about 10,000 cfs, with 
flows again increasing starting in December. Therefore, 2012 resulted in:

307 total days when Florida would receive no additional state-line flow that 
would result from any reductions of Georgia’s water use. This covers the 
period of time from May 1, 2012, through the end of the year, during which 
the USACE was actually in drought operations. This also covers the 60 days 
during the 2012 portion of the 2011–2012 refilling season (January and 
February 2012), and in late April when basin inflow was in the Augmentation 
Zone. During this entire period, the USACE was only required by the RIOP to 
release 5,000 cfs from Woodruff Dam.

10 total days when Florida would receive 50% of any additional state-line 
flow that would result from any reductions of Georgia’s water use (because 
basin inflow would be in the Half-Storage Zone); and
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U.S. Drought Monitor 

Georgia 

EXHIBIT 

May 22, 2012 
(Released Thursday, May. 24, 2012) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None D0-D4 D1-D4 O2-D4 

Current 7.54 92.46 86.05 79.30 67.95 28.31 

Last Week 
7.54 92.46 86.05 80.85 69.35 28.44 

511512012 

3 Months Ago 12.83 87.17 
2121/2012 

83.12 77.55 69.01 30.35 

Start of 
Calendar Year 12.07 87.93 85.36 81.00 63.92 0.00 

1/312012 

Start of 
Water Year 5.62 94.38 90.72 85.56 78.76 0.00 

9/2712011 

One Year Ago 8.95 91 .05 
5124/2011 

76.99 65.86 13.28 0.00 

Intensity: 

DO Abnormally Dry - 03 Extreme Drought 

01 Moderate Drought - 04 Exceptional Drought 

- 02 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary. See accompanying text summary 
for forecast statements. 

Author: 
Brad Rippey 
U. S. Department of Agriculture 

USDA 
iliilll 

http://droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
February 14, 2012 

(Released Thursday, Feb. 16, 2012) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None 00-04 01-04 0 2-04 03-04 D4 

Current 13.88 86.12 83.12 77.55 69.01 34.06 

Last Week 
2/7/2012 

14.41 85.59 83 07 77.55 68.97 29.54 

3 Months Ago 4.77 95.23 91 .50 85.16 64.61 0.00 
11/15/2011 

Start of 
Calendar Year 12.07 87.93 85.36 81.00 63.92 0.00 

1/312012 

Start of 
Water Year 5.62 94.38 90.72 85.56 78.76 0.00 

9127/2011 

One Year Ago 0.00 100.00 76.22 21.87 6.18 0.00 
2115/2011 

Intensity: 

DO Abnormally Dry - D3 Extreme Drought 

D1 Moderate Drought - D4 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary See accompanying text summary 
for forecast statements. 

Author: 
Richard Tinker 
CPC/NOAAINWSINCEP 

http:1/droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
July 5, 2011 

(Released Thursday, Jul. 7, 2011) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None D0-D4 O1 -D4 02-04 

Current 2.58 97.42 85.51 74.91 68.91 40.45 

Last Week 
6/2812011 

2.58 97.42 85.51 74. 91 68.91 41.18 

3 Months Ago 
41512011 

23.01 76.99 72.91 18.75 6.94 0.00 

Start of 
Calendar Year 2.40 97.60 85.33 40.34 6.49 0.00 

1/412011 

Start of 
Water Year 4.80 95.20 39.24 5. 11 0.00 0.00 

9128/2010 

One Year Ago 
97.31 2.69 

716/2010 
0.00 0.00 0.00 0.00 

Intensity: 

DO Abnormally Dry - D3 Extreme Drought 

D1 Moderate Drought - D4 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary See accompanying text summary 
for forecast statements. 

Author: 
Richard Heim 
NGOC/NOAA 

USDA .... 
http://droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
December 25, 2007 

(Released Thursday, Dec. 27, 2007) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

Current 

Last Week 
12/18/2007 

3 Months Ago 
9/2512007 

Start of 

None D0-D4 D1-D4 D2-D4 D3-D4 D4 

2.01 97.99 83.36 73.08 64.36 49.86 

0.39 99.61 87.94 74 .34 64.39 49.86 

24.19 75.81 64.21 52.59 39.36 27.00 

CalendarYear 12 .16 87.84 3.66 0.10 0.00 0.00 
1/212007 

Start of 
Water Year 24.19 75.81 64.21 52.59 39.36 27.00 

9/2512007 

One Year Ago 
12/26/2006 

Intensity: 

12.16 87.84 7.66 0.08 0.00 

DO Abnormally Dry - D3 Extreme Drought 

0.00 

D1 Moderate Drought - 04 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary See accompanying text summary 
for forecast statements. 

Author: 
Richard Heim 
NGOC/NOAA 

USDA .... 
http://droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
August 21, 2007 

(Released Thursday, Aug. 23, 2007) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None D0-D4 D1-D4 D2-D4 

Current 0.00 100.00 84.34 76.38 60.93 39.11 

Last Week 
0.00 100.00 

B/1412007 
85.68 67.76 52.27 26.87 

3 Months Ago 0.00 100.00 100.00 93.20 42.77 0.00 
5122/2007 

Start of 
Calendar Year 12.16 87.84 3.66 0.10 0.00 0.00 

11212007 

Start of 
Water Year 0.05 99.95 46.73 0.00 0.00 0.00 

9/2612006 

One Year Ago 0.24 99.76 
8/2212006 

93.02 45.11 0.00 0.00 

Intensity: 

DO Abnormally Dry - D3 Extreme Drought 

D1 Moderate Drought - D4 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary See accompanying text summary 
for forecast statements. 

Author: 
Richard Heim 
NGOC/NOAA 

USDA ... 1--·• I ' ·-~·-"' 
http://droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
September 3, 2002 

(Released Thursday, Sep. 5, 2002) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None DO-D4 D1 -D4 D2-D4 D3-D4 D4 

Current 6.76 93.24 84.08 65.70 46.35 17.91 

Last Week 3.58 96.42 84.85 67.26 34.55 14.09 
8127/2002 

3 Months Ago 0.10 99.90 
6/412002 

94.03 82.87 39.14 0.00 

Start of 
Calendar Year 2.56 97.44 93.61 67.09 23.65 0.00 

111/2002 

Start of 
Water Year 61.50 38.50 0.00 0.00 0.00 0.00 

9/2512001 

One Year Ago 92.92 7.08 0.00 0.00 0.00 0.00 
9/412001 

Intensity: 

DO Abnormally Dry - D3 Extreme Drought 

0 1 Moderate Drought - D4 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary See accompanying text summary 
for forecast statements. 

Author: 
Douglas Le Comte 
CPCINOAA 

http://droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
July 25, 2000 

(Released Thursday, Jul. 27, 2000) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None D0-D4 D1-D4 D2-D4 

Current 0.00 100.00 100.00 95.86 76.24 32.02 

Last Week 
7/1812000 

0.00 100.00 100.00 99.27 86.02 35.28 

3 Months Ago 
4125/2000 

Start of 

0.17 99.83 95.10 54.10 0.00 0.00 

Calendar Year 100.00 100.00 100.00 68.52 0.00 0.00 
11412000 

Start of 
Water Year 

One Year Ago 

Intensity: 

DO Abnormally Dry - D3 Extreme Drought 

D1 Moderate Drought - D4 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary. See accompanying text summary 
for forecast statements. 

Author: 
Staff 
National Drought Mitigation Center 

USDA ... 
http://droughtmonitor.unl.edu/ 



U.S. Drought Monitor 

Georgia 
June 27, 2000 

(Released Thursday, Jun. 29, 2000) 

Valid 7 a.m. EST 

Drought Conditions (Percent Area) 

None D0-D4 D1-D4 D2-04 D3-D4 D4 

Current 0.00 100.00 100.00 99.97 86.01 48.85 

Last Week 
6120/2000 

0.00 100.00 100.00 99.87 88.92 47. 88 

3 Months Ago 
3/2812000 

Start of 

0.00 100.00 100.00 57.53 0.00 0.00 

CalendarYear 100.00 100.00 100.00 68.52 0.00 0.00 
1/412000 

Start of 
Water Year 

One Year Ago 

Intensity: 

DO Abnormally Dry - D3 Extreme Drought 

D1 Moderate Drought - D4 Exceptional Drought 

D2 Severe Drought 

The Drought Monitor focuses on broad-scale conditions. 
Local conditions may vary See accompanying text summary 
for forecast statements. 

Author: 
Staff 
National Drought Mitigation Center 

USDA 
iillll 

http://droughtmonitor.unl.edu/ 
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August Global Release: Tue, 20 Sep 2016, 11:00 AM EDTHome > Climate Monitoring > State of the Climate > Drought

Home Climate Information Data Access Customer Support Contact About Search

State of the Climate Reports Summary Information Monthly Climate Brieဠ†ngs RSS Feed 

NCEI added Alaska climate divisions to its nClimDiv dataset on Friday, March 6, 2015, coincident with the release of the February
2015 monthly monitoring report. For more information on this data, please visit the Alaska Climate Divisions FAQ.

Issued 8 January 2013 
The data presented in this drought report are preliminary. Ranks, anomalies, and percent areas may change

as more complete data are received and processed.

Contents Of This Report:

National Drought Overview

Regional Drought Overview
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Great Plains and Midwest

Southeast to Northeast

Hawaii and other Paciဠ†c
Islands

Agricultural Belts

River Basins
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Drought - Annual 2012
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On a month-by-month basis, 2012 was
characterized by large areas of dry and,
earlier in the year, large areas of wet
weather. Eight months (all except
January, February, October, and
December) had ten percent or more of
the country experiencing very dry (at the
tenth percentile of the historical record
or drier) precipitation anomalies, with
ဠ†ve months (May, June, August,
September, and November) having more
than a ဠ†fth (20 percent) of the country

very dry. June and November had a third of the country very dry. The percent area
very wet (monthly precipitation totals at the 90  percentile of the historical record
or wetter) stayed under ten percent for all but one of the months in the year, with
March having the largest percent area very wet (16%). When averaged together, the
wet and dry anomalies resulted in the 20  driest February, 23  driest May, 10
driest June, 22  driest July, and 8  driest November, nationally, in the 1895-2012
record. Large areas of the country also experienced unusually warm conditions. Ten
percent or more of the contiguous U.S. was very warm (monthly temperatures at
the 90  percentile of the historical record or warmer) during every month except
October. More than a fourth (25%) was very warm during eight months, with July
(60%) and March (75%) having more than half of the country very warm. This
persistent and anomalous heat resulted in the warmest month ever (July 2012),
ranked 2012 as the warmest year on record, and (especially during the growing
season) increased evaporation and intensiဠ†ed local drought conditions.

An important feature of the weather conditions in 2012 was the persistence of the
areas of dryness and warm temperatures, the magnitude of the extremes, and the
large area they encompassed. Dry weather aတတected parts of the West almost every
month, especially the Intermountain Basin during April-July, the Southwest during
April-June and October-November, and the Rockies during March-November. The
Central Great Plains were plagued by dryness much of the year (especially March-
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January,

February,

March,
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May,

November), with dryness especially acute during the summer across the Plains
(June-August). Dry weather dominated across the Central Plains to Midwest
agricultural areas during the critical May-July growing season, but the dryness
lasted longer in parts of this region (for example, the Midwest during February-July).
August-September saw very dry weather from the Paciဠ†c Northwest, across the
Northern Rockies and Central to Northern Plains, and into the western Great Lakes.
Dry weather aဠ†icted the eastern U.S. early in the year, with the Southeast dry
during January-April and the Northeast during February-April. Large areas of the
country were very dry during May-June (from the West Coast to the Ohio and
Tennessee valleys), August-September (from the Paciဠ†c Northwest to the western
Great Lakes), and November (from the Southwest and Southern Plains to the
Northeast and Southeast).

The hot temperatures exacerbated the
impact of the dry weather. When maps of
the dryness (Standardized Precipitation
Index [SPI]) are compared to maps of the
Palmer Z Index (which incorporates the
eတတects of both dryness and heat), larger
areas of monthly drought are evident on
the Z Index maps for March (SPI, Z Index),
April (SPI, Z Index), May (SPI, Z Index), July
(SPI, Z Index), and November (SPI, Z
Index).

The
year
started
out with
31.9 percent of the contiguous U.S. in moderate to
exceptional drought (based on the U.S. Drought
Monitor [USDM]) manifested in two drought
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epicenters — areas of moderate to exceptional
drought in the Southern Plains and moderate to
extreme drought in the Southeast — with areas of
moderate to severe drought in the Upper
Mississippi Valley and moderate drought in the
Far West. As the year progressed, the western
drought expanded to link with the Southern Plains
drought area and new drought areas developed
along the East Coast, pushing the national
drought area to 38.2 percent by May 1. Dryness

during the late spring began to take its toll in the agricultural heartland by summer
as drought intensiဠ†ed and expanded to cover much of the country from the Central
Rockies to the Ohio Valley, and the Mexican border to the Canadian border, by the
end of August. This solid mass of drought, which stretched from border to border
and (by now) West Coast to Mississippi River, persisted through the fall. The
percentage area in drought peaked at about 65.5 percent on September 25 (a new
high in the 1999-2012 USDM record) and ended the year at 61.1 percent. The
percent area of the contiguous U.S. in the worst drought categories (D3-D4,
extreme to exceptional drought) peaked at 24.1 percent on August 7, which is also a
record.

The percent area* of the contiguous U.S. experiencing moderate to extreme
drought (based on the Palmer Drought Index) started the year at about 22.9
percent, grew steadily to a peak of about 61.8 percent during the summer, then
contracted slightly during the fall, ending the year at about 51.8 percent. The
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Palmer Drought Index data go back 113 years.

*This drought statistic is based on the Palmer Drought Index, a widely used measure of drought. The
Palmer Drought Index uses numerical values derived from weather and climate data to classify moisture
conditions throughout the contiguous United States and includes drought categories on a scale from
mild to moderate, severe and extreme.

[top]

Regional Drought Overview

The year began with drought epicenters
in the Southern Plains, Southeast, Upper
Midwest, Far West, and Hawaii. As winter
ended and spring began, dryness in the
West spread to join the Plains and West
drought areas while the Southeast
drought crept up the East Coast. The
spring months were quite dry with
drought spreading or pockets of drought
developing in several regions. The
summer months were extremely dry
across a large part of the central U.S., with the result being a merging of the
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The percent area of the West in moderate to
exceptional drought steadily grew during 2012,

peaking at 77% in October.

drought epicenters in the West, Plains, and Midwest into one large drought area
stretching from the West Coast to the Great Lakes. Beneဠ†cial autumn rains helped
portions of the Midwest recover from drought, but dryness continued in the Plains
where drought intensiဠ†ed. By the end of 2012, three drought epicenters remained
— Hawaii, the Southeast, and one large area of drought stretching from the
southern California coast across the West and Great Plains to the Midwest, with the
worst drought conditions focused on the Plains states.

The dry weather (which lowered moisture supplies), coupled with intense spring
and summer heat (which increased evapotranspiration and, thus, moisture
demand), depleted soil moisture, lowered streamတ倀ow (May, June, July, August),
reservoir and stock pond levels, and ravaged crops and livestock. By year's end, low
river levels threatened commerce on the vital Mississippi River shipping lanes.

West:

The West began the hydrologic year
(water year, October-September) on a dry
note, with below-normal precipitation
and snowpack water content. As the wet
season (October-April) ended, the
southern portions of the West had
signiဠ†cant precipitation and snow water
content deဠ†cits, while the northern areas were not as bad oတတ. Continued dryness
and intense heat during the spring and summer caused numerous wildဠ†res to
break out, with Colorado especially hard hit. Record heat and near-record dryness
occurred in the state, with April-June 2012 ranking as the hottest and third driest
April-June on record. Wyoming was record dry for several time scales, including
June-August, April-August, March-August, June-September, May-September, April-
September, and several others. Utah was record dry in June and April-June. A total
of four states (Colorado, Nevada, Utah, Wyoming) ranked in the top ten driest
category for April-June, six states were in the top ten driest for January-June, and
three for January-November, including Colorado and Wyoming (which were record
dry) and New Mexico (second driest). The weather pattern shifted during summer

https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/13/usdm-pct-area-drought-20000104-20130101-west.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/08/usdm-120828.gif
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/13/noaa-hprcc-pcp-pct-1031-us-60d.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/11/noaa-hprcc-pcp-pct-1130-us-3m.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/13/usdm-130101.gif
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/08/topsoil-statewide-statistics-0826.pdf
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/05/usgs-streamflow-pct-us-may12.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/06/usgs-streamflow-pct-us-jun12.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/07/usgs-streamflow-pct-jul12.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/08/usgs-streamflow-pct-aug2012.png
https://www.ncdc.noaa.gov/monitoring-content/sotc/drought/2012/08/pasture-range-statewide-conditions-0826.pdf
https://www.ncdc.noaa.gov/img/climate/research/2011/dec/hprcc-pcp-pct-1231-3m-us.png
https://www.ncdc.noaa.gov/img/climate/research/2011/dec/wrcc-20111231-snotswe.gif
https://www.ncdc.noaa.gov/img/climate/research/2012/apr/hprcc-pcp-pct-0430-us-wytd.png
https://www.ncdc.noaa.gov/img/climate/research/2012/apr/west_swepctnormal_update-0430.pdf
https://www.ncdc.noaa.gov/cag/time-series/us/5/0/tmp/3/6/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/5/0/pcp/3/6/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/3/8/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/5/8/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/6/8/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/4/9/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/5/9/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/6/9/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/42/0/pcp/1/6/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/42/0/pcp/3/6/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/sotc/service/national/Statewideprank/201204-201206.gif
https://www.ncdc.noaa.gov/sotc/service/national/Statewideprank/201201-201206.gif
https://www.ncdc.noaa.gov/sotc/service/national/Statewideprank/201201-201211.gif
https://www.ncdc.noaa.gov/cag/time-series/us/5/0/pcp/ytd/11/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/48/0/pcp/ytd/11/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true
https://www.ncdc.noaa.gov/cag/time-series/us/29/0/pcp/ytd/11/1895-2012?base_prd=true&firstbaseyear=1901&lastbaseyear=2000&filter=true


and early autumn, bringing much-needed precipitation to the southern areas but
drying out the northern states. Five western states (Idaho, Montana, Oregon,
Washington, Wyoming) ranked in the top ten driest category for July-September,
with Montana having the driest August-September and July-September on record.
When last year's dryness is combined with this year's dryness, the last two years
(December 2010-November 2012) in New Mexico ranked as the driest such 24-
month period on record. For January-December 2012, three states (Wyoming
[driest], New Mexico [second driest], Colorado [fourth driest]) ranked in the top ten
driest category and three other states (Arizona, Montana, Utah) ranked in the driest
third of the historical record.

The percent area of the West in moderate to exceptional drought, as measured by
the USDM, steadily grew during 2012, peaking at about 77.2 percent in October.
Based on the Palmer Drought Index, which goes back to the beginning of the 20
century, moderate to extreme drought peaked at about 67.2 percent of the West
during June. Both of these numbers were surpassed by the 2002-2003 drought and
(for the Palmer index) earlier droughts.

Great Plains and Midwest:

Last year, drought was centered in the
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The percent area of the High Plains (Kansas to North
Dakota) in moderate to exceptional drought

skyrocketed during summer 2012, covering nearly the
entire High Plains region by October.

Southern Plains. This year, the entire
Plains region was aဠ†icted by drought with
a signiဠ†cant part of the Midwest sharing
the misery. Dryness aတတected the Northern
Plains during March, the Southern Plains during April, and the Southern to Central
Plains during May, with diတတerent portions of the Midwest aတတected during each of
those months. But that was just a prelude to even worse conditions. The entire
Plains and Midwest were baked and moisture-starved during June and July.
Beneဠ†cial rains came to parts of the Midwest and Southern Plains during August
and September, and to the Northern Plains and Midwest in October, but
widespread dry conditions returned in November.

Record dryness occurred for several states in August and September. The
persistence of drought gave several states record dry seasons, including Arkansas
(April-June and other seasons), Kansas (May-July), Nebraska (June-August and other
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seasons), and South Dakota (July-September). Six states in the Plains and Midwest
(Arkansas, Indiana, Iowa, Kansas, Missouri, Nebraska) ranked in the top ten driest
category for January-November, with Nebraska having the driest January-November
on record. For January-December 2012, ဠ†ve Great Plains and Midwest states ranked
in the top ten driest category, including Nebraska which had the driest year on
record.

The percent area of the Great Plains and Midwest in moderate to exceptional
drought, as measured and deဠ†ned by the USDM regions, rapidly increased during
2012. Nearly all of the Northern Plains was enveloped in drought by October, which
is a record in the 13-year USDM history. Drought coverage also rapidly increased in
the Midwest, peaking at about 73.7 percent in July, which is also a USDM record. In
early 2012, the Southern Plains was recovering from the 2011 drought. The percent
area in moderate to exceptional drought decreased to a low of about 32.3 percent
in May 2012 before expanding again to peak at about 73.7 percent in July.

Southeast to Northeast:

The precipitation pattern for the eastern U.S. တ倀uctuated between wet and dry
during 2012. The Southeast started the year on the dry side, with January-February
ranking in the driest third of the historical record for several states. February-April
was dry for the Northeast, with Connecticut having the driest February-April on
record and most other states ranking in the top ten driest category. Three
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The percent area of the Southeast in moderate to
exceptional drought oscillated up and down during

2012.

southeastern states (Alabama, Georgia,
and Tennessee) ranked in the top ten
driest category for April. The weather
patterns, which brought drought to the
Great Plains and Midwest during the late
spring and summer, doused many of the
eastern states with beneဠ†cial rainfall
during this time. Although helpful, the rains were not enough to erase several years'
of deဠ†cits in the Southeast. November was dry for all eastern states, with most
ranking in the top ten driest category. The cumulative impact of the 2012
precipitation deဠ†cits gave Delaware the fourth driest January-November and
Georgia, the epicenter of the Southeast drought, the eighth driest January-
November. For the year (January-December), several states along the eastern
seaboard were drier than normal, with Georgia ranking tenth driest and Delaware
having the sixth driest year on record. The prolonged dryness in parts of the
Southeast gave Georgia the driest December-November 24-month period
(December 2010-November 2012) on record.

Parts of the Southeast have been in drought for the last two years. The percent
area of the Southeast in moderate to exceptional drought, as measured by the
USDM, hovered around 50 to 65 percent during the ဠ†rst ဠ†ve months of the year,
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then contracted during the summer and fall before expanding again at the end of
the year. It peaked at about 69 percent at the beginning of May.

Hawaii and other Paciဠ†c Islands:

Drought in Hawaii was resurgent in
2012, with 47.4 percent of the state
aတတected by moderate to exceptional
drought on January 3, growing to 73.2
percent by December 4. The state has
been in drought for the last four years,
with the December 4, 2012 peak
approaching the peaks of 2008-2010.
Several locations had record to near-
record dry conditions in 2012, with
Kahului recording the lowest rainfall for
the year based on data from 1955-2012, and Honolulu having the ဠ†fth driest and
Hilo eighth driest year in their 1950-2012 records. Annual rainfall at other U.S.-
aတတliated Paciဠ†c Island stations during 2012 was near or above normal.
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Agricultural Belts:

The spatial pattern of drought this year closely overlaid the agricultural area of the
U.S. heartland, and the excessive temperatures and lack of rain during the critical
growing season severely reduced corn and soybean crop yield. The Primary Corn
and Soybean agricultural belt, collectively, experienced the warmest and seventh
driest March-August in 2012, resulting in the fourth most severe Palmer Z Index for
the season (behind 1936, 1934, and 1988). The extreme severity of the dryness and
evapotranspiration demand over the growing season resulted in a rapid increase in
the percent area of this agricultural belt experiencing moderate to extreme drought
(as deဠ†ned by the Palmer Drought Index) and moderate to exceptional drought (for
the Midwest and High Plains as deဠ†ned by the USDM). By August 2012, about 89.3
percent of the Primary Corn and Soybean Belt was experiencing moderate to
extreme drought (based on the Palmer Drought Index), surpassing all previous
droughts except those in 1988 and the 1930s. The August-October rains in the
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eastern part of this region were beneဠ†cial and helped reduce the intensity of the
drought there, but they did little to shrink the overall drought area for the entire
region, with the value down to only 54.9 percent by the end of the year. By year's
end, January-December 2012 ranked as the tenth driest year on record.
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2012 Precipitation Ranks (out of 118 years) for the
Major River Basins in the Contiguous U.S.: Calendar

Year (January-December) and Water Year to Date

The growing season (October-April) has
started out on a dry note for much of
the Winter Wheat agricultural belt.
October-December 2012 ranked as the
27  driest October-December in the
1895-2012 record, with November 2012
ranking as the 13  driest November. For
the smaller Primary Hard Red Winter
Wheat belt, November 2012 ranked 23
driest and October-December tenth
driest. By year's end, January-December
2012 ranked as the ninth driest year on
record for the Winter Wheat belt and third driest for the Primary Hard Red Winter
Wheat belt.

River Basins:

Several river basins have
experienced unusually dry
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Year (January-December) and Water Year to Date
(October-December)

RIVER BASIN JAN-DEC OCT-DEC

Paciဠ†c Northwest 11  wettest 10  wettest

California 56  driest 36  wettest

Great Basin 41  driest 35  wettest

Lower Colorado 24  driest 33  driest

Upper Colorado driest 29  driest

Rio Grande 10  driest 5  driest

Texas Gulf Coast 41  driest 4  driest

Arkansas-White-Red 9  driest 11  driest

Lower Mississippi 48  driest 35  driest

Missouri 3  driest 37  driest

Souris-Red-Rainy 35  driest 31  wettest

Upper Mississippi 10  driest 59  driest

Great Lakes 54  driest 26  wettest

Tennessee 38  driest 59  driest

Ohio 27  driest 55  wettest

South Atlantic-Gulf 53  driest 46  driest

Mid-Atlantic 46  driest 37  wettest

New England 38  wettest 38  wettest

conditions during 2012, with the
Upper Colorado having the driest
year in the 1895-2012 record. As
noted by the Midwest Regional
Climate Center, drought has
contributed to low water issues
from the Great Lakes to the
Missouri and Mississippi rivers,
with navigation on the Mississippi
River continuing to be a concern
through December. The Missouri
River basin had the third driest
year in 2012 (behind 1934 and
1936), the Arkansas-White-Red
River basin had the ninth driest
year, and the Upper Mississippi
and Rio Grande both ranked tenth
driest. For the Mississippi River and
all of its tributaries north of
Memphis, Tennessee, 2012 ranked
as the sixth driest year on record
(behind 1934, 1936, 1976, 1988,
and 1930). The aggregate PDSI for
the Missouri basin reached the
lowest value since the 1950s, while
the aggregate PDSI for the broader
Mississippi and its tributaries was
the lowest since only 1988.

Historical Analogs:

As seen in the National Drought
Overview section, the percent area
of the contiguous U.S. experiencing
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moderate to exceptional drought
(based on the USDM) reached 65.5
percent in September, a record in the
13-year USDM history. The percent area
of the contiguous U.S. experiencing
moderate to extreme drought, based on
the Palmer Drought Index (which goes
113 years), peaked at about 61.8 percent
in July. This is only slightly larger than
the peak percent area values of the
1950s drought decade and is the largest
value since December 1939. So, in terms
of total area covered by drought, the
2012 drought closely resembles the
1950s droughts.

The geographical pattern (location and intensity of dryness) of the 2012 drought
can be compared to the patterns of previous droughts by using statistical tools such
as the correlation coeတတcient and mean absolute diတတerence. In the two tables
below, the 2012 climate conditions (Palmer Z Index, Palmer Hydrological Drought
Index [PHDI], temperature [Temp], precipitation [Precip]) were compared two
diတတerent ways. In the table to the left, each month (January-December) of 2012 was
compared individually to the previous years (1900-2011) to ဠ†nd the year with the
closest match to each individual month (January closest match to January 2012, and
February closest match to February 2012, and March closest match to March 2012,
etc.). In the table to the right, the 2012 annual average values were compared to the
annual average values for each of the previous years. No consistent pattern in
historical analogs can be found in the monthly comparison (left-hand table) due to
normal month-to-month variability (climatic noise). However, when the month-to-
month variability is averaged out (by computing annual values as in the right-hand
table), a consistent pattern becomes evident — the drought years 1955 and 1956
are the closest historical analogs to the geographical pattern of drought in 2012,
and 1998 (the second warmest year on record) and 2006 (third warmest year on
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record) are the closest historical analogs to 2012 for the spatial temperature
pattern.

Top 5 Analog Years to 2012 (each month
January-December compared individually)

Rank* Z
Index

PHDI Temp Precip

1 1966 1955 1991 1904

2 1974 1956 2006 1901

3 1901 1920 1921 1917

4 2002 1918 1946 1931

5 1988 1963 1990 1974

* Rank: 1 = most similar to 2012.

Top 5 Analog Years to 2012 (annual values
compared )

Rank* Z
Index

PHDI Temp Precip

1 1955 1955 1998 1955

2 1956 1956 2006 1966

3 1988 2000 1921 1956

4 1933 2006 1999 1980

5 1939 1981 1931 1988

* Rank: 1 = most similar to 2012.

[top]

Contacts & Questions
For additional, or more localized, drought information, please visit:

The U.S. Drought Portal• 

http://www.drought.gov/


Citing This Report

NOAA National Centers for Environmental Information, State of the Climate: Drought for Annual 2012,
published online January 2013, retrieved on September 13, 2016 from
http://www.ncdc.noaa.gov/sotc/drought/201213.
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Figure 5 Minimum 7-day Low Flows for Each Year in the Apalachicola at 
Chattahoochee, FL 
 
Another way to examine the changes in the 7-day low flow is to estimate probabilities that flows 
will be less than or equal to a given value. For the period from 1922 to 1980, the 7-day minimum 
flows are approximately normal (i.e., they fall on a "bell-shaped curve" which translates to a 
straight line on a probability plot) and a flow of 6000 cfs or lower for seven consecutive days has 
a probability of occurring of about 0.03 indicating that it would be expected on average to occur 
once every 33 years (Figure 6). A low flow of 5000 cfs or lower for seven consecutive days is 
associated with a probability of 0.01, so 5000 cfs is the hundred-year 7-day low flow.  
 
If the years from 1981 through 2013 are included, the picture changes considerably. The extreme 
low flows recorded tend to tilt the curve, making 6000 cfs about the 6-year low flow (probability 
of about 0.15) instead of the 33-year low flow (Figure 7). Furthermore, even with the tilted 
curve, the expectation for a flow of 5000 cfs or less to be reached is an occurrence frequency of 
one year in 10 (a probability of 0.1 indicated by the red line in Figure 7) but in fact occurred 7 
years in the last ten years alone (see the cluster of recent years in blue in the lower left corner of 
Figure 5). In other words, very low flow events have become much more frequent in recent years 
with Georgia's increase in consumptive use. 
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Figure 12. The difference between the adjusted flow at Sumatra and the flow at Chattahoochee 
is correlated with the adjusted flow at Sumatra.

Part of the apparent decline in differences in average annual discharge in the Apalachicola River
between the Chattahoochee and Sumatra gages is simply due to natural climate variations over 
this limited period that Georgia selected in Figure 1 (1978 – 2014) (annual Sumatra gage 
discharge data is available from USGS from 1978 to the present). For the most part, the late 
1970s featured wetter years and very recent years included more dry and drought years. The 
record of precipitation for the basin over the past century shows no consistent trend, just climate 
variability with wet periods and dry periods sporadically interspersed (Lettenmaier Expert 
Report, Feb. 29, 2016; Lettenmaier Expert Report, May 20, 2016). 

The way to take into account the dependence of the flow difference on flow itself is to look at 
how observed variations are predicted using the flow dependence in Figure 12; this calculation 
shows that much of the observed variability is due to flow dependence (Figure 13, top panel). 
The question of whether there is a remaining unexplained trend is reduced to looking at residuals 
between the observed flow difference and that predicted by the trend in the relative proportion of 
wet and dry years across the record. There is no trend in these residuals (Figure 13, bottom 
panel). That is, there is no indication that water has been “lost” between the Chattahoochee and 
Sumatra gages (Figure 13). Rather, there is an expected greater flow difference in wet years than 
in dry years that accounts for the underlying data. 
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In geographic terms, ACF Georgia is substantially larger than ACF Florida.  As shown in Exhibit 

2, compared with ACF Florida, ACF Georgia covers five times the land area and supports 56 times the 

population. Likewise, in demographic terms, ACF Georgia is substantially larger than ACF Florida.  

ACF Georgia includes five major metropolitan areas, including Atlanta, while ACF Florida has none.  In 

2015, the total population of ACF Florida was approximately 90,500.  In contrast, the population in ACF 

Georgia was more than 56 times larger, with approximately 5.1 million people.

The magnitude of economic activity within ACF Georgia is also substantially greater than 

economic activity in ACF Florida.  According to data from the Metro North Water Planning District

(“Metro Water District”), there are 80 times more employees in ACF Georgia than in ACF Florida.  

Moreover, the GRP of ACF Georgia – approximately $283 billion in 2013 – was 129 times the GRP of 

ACF Florida.
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Exhibit 3: Comparison of Water Use/Availability and Economic Activity 
Average and Dry Year Conditions

ACF Georgia and ACF Florida

Notes & Sources: Bedient Report and materials cited therein (“20160203-ACF-summary-GA-water use-1980-
2013.xlsx”); USGS Surface Water Annual Statistics; Zitsch (2006); and IMPLAN.

1. Municipal and Industrial Sectors in the ACF Basin

a) Overview of the Municipal and Industrial Sectors 

Differences in the scale of the M&I sectors in Florida and Georgia are substantial.  While 

populations and level of commerce in ACF Florida are relatively small, ACF Georgia has large 

populations and extensive commerce.  Moreover, as described by Peter Mayer in his report, Georgia has 

long recognized the importance of water to its own economy and to other regions, and it has reflected this 
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value in its statewide long-term planning efforts, as well as in the individual efforts of utilities.24

According to Mr. Mayer, Georgia is a national leader in many water conservation programs, and M&I 

consumers in Atlanta face some of the highest water prices in the nation.25

Exhibit 4 illustrates the total output of counties in the ACF Basin by industrial sector.26 Sectoral 

contributions to GRP in ACF Georgia are many multiples larger than the corresponding sectoral 

contributions in ACF Florida, ranging from 13 times (“13x”) larger for Mining to more than 100x larger 

in a range of commercial and industrial sectors, including Finance (127x), Transportation (174x), 

Wholesale Trade (299x), Manufacturing (359x) and other Services (190x).

The ACF Basin in Georgia is home to several major metropolitan areas, including Atlanta.  These 

cities represent some of the most important and significant economic centers of the Southeast and the 

United States as a whole.  Atlanta is the tenth largest metropolitan area in the United States by GRP.27

Fifteen Fortune 500 companies are headquartered in the area.28 In 2014, Atlanta metropolitan area GRP 

was $325 billion, which was comparable to the State of Indiana (the 15th largest state by rank of state 

domestic product).29 As described below, water is a key input to these economies, and restrictions on 

water use would entail substantial economic costs.

24 See Expert Report of Peter Mayer, P.E. (May 20, 2016) (hereafter, “Mayer Report”).
25 See Mayer Report.
26 I used the North American Industry Classification System (NAICS) maintained by the United States Census 

Bureau to categorize IMPLAN sectors into industry categories.  IMPLAN reports GRP at the county level.  I 
scale county level measures by the relative size of the ACF population within each county. 

27 Bureau of Economic Analysis, Regional Economic Accounts: 2009-2014, accessed May 15, 2016.
28 Metro Atlanta Chamber of Commerce, “Fortune 500 and Fortune 1000 Headquarters,” available at 

http://www.metroatlantachamber.com/business/data/fortune-500-1000-hq.
29 Bureau of Economic Analysis, Regional Economic Accounts: 2009-2014. accessed May 15, 2016.
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Within the ACF Basin, there are many industries and businesses for which water is a key input.  

Exhibit 6 lists some of the most water intensive manufacturing industries within the Upper 

Chattahoochee, which includes large portions of the Atlanta metropolitan region.  Here, I define “water 

intensive” industries based on total water expenditures.42  For each sector, the exhibit shows total output, 

water expenditures, and employment in 2013. Even this relatively narrow look at water dependent 

industries illustrates the size of economic activity in the basin.  These industries contribute more than 

$12.8 billion to GRP and employ more than 35,000 people.  

Exhibit 6 also includes two “green” industries that do not purchase water directly from water 

utilities or other suppliers, but instead rely on their customers’ water supply to irrigate lawns and gardens.  

A reduction in water use by residential customers will tend to reduce consumer spending on water-related 

services such as landscaping and gardening.43 These two sectors generated approximately $660 million 

and employed more than 14,000 people in the Upper Chattahoochee Region in 2013.  

Combined, these industries contribute $13.5 billion to total GRP and employ nearly 50,000 

people. 

42 Similarly, these industries also tend to have the highest ratios of total water expenditures to economic output 
among all large industries (that is, with total economic output greater than $500 million).  Economic output 
refers to the total quantity of final sales by all industries in the economy.  This includes the intermediate sale of 
goods between sectors, known as the cost of goods sold.  

43 I discuss this in greater detail in Section IV.
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Exhibit 6: Economic Metrics for Water-Intensive Industries in the Upper Chattahoochee (2013) 

Contribution 
to GRP

($millions, 
$2013)

Output
($millions, 

2013)

Total Water 
Expenditure
($millions, 

$2013)

Total 
Employees

Top 10 Manufacturing 
Industries
Flavoring syrup and concentrate 
manufacturing $9,159 $16,303 $8.0 4,153 

Poultry processing $393 $2,729 $3.9 11,042 

Other basic organic chemical 
manufacturing $75 $696 $3.5                    349

Pharmaceutical preparation 
manufacturing $577 $1,397 $1.7 1,017 

Other basic inorganic chemical 
manufacturing $234 $634 $1.1                    608

Bottled and canned soft drinks & 
water $224 $1,191 $1.0 1,492 

Plastics material and resin 
manufacturing $108 $623 $0.9                    416

Aircraft manufacturing $1,036 $3,805 $0.8 5,299 

Printing $682 $1,432 $0.8 8,393 

Paperboard container 
manufacturing $352 $1,182 $0.7 2,514 

Subtotal $12,840 $29,991 $22.3 35,283 

Green Industries
Landscape and horticultural 
services $621 $910 $0.0 13,810 

Greenhouse, nursery, and 
floriculture production $37 $54 $0.0                    527

Subtotal $658 $964 $0.0 14,337 

Total $13,498 $30,955 $22.4 49,620

Notes & Sources: Totals include all counties included in the Upper-Chattahoochee, deemed to draw on water from 
the ACF-Georgia.  See Exhibit 1.  Total water expenditure consists of expenditures on water and sewerage 
(IMPLAN Code 51).  Green Industries follows definition provided by Hall et al. (2005).  Data accessed from 
IMPLAN.
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2. Agriculture in the ACF Basin 

Irrigation water is a critical input to a substantial portion of the total agricultural acreage in ACF 

Georgia, resulting in higher yields during both average and dry years.  In this section, I first provide an 

overview of the agricultural sector, and then describe the role of water as a key input to production.

a) Overview of the Agricultural Sector

The ACF Basin supports a substantial agricultural sector, with the vast majority of this activity 

occurring in the State of Georgia.  Exhibit 7 shows the commercial value of all agriculture products that 

are produced in ACF Georgia.44 In 2013 (the most recent year with reported data), total agriculture 

revenues were $4.7 billion, with $1.3 billion coming from row and forage crops, the majority of which 

came from three crops: cotton, peanuts, and corn.  Most of this agricultural activity takes place within the 

Lower Flint watershed.45

ACF Georgia is also one of the largest and most productive agricultural regions in the United 

States.  Georgia farmers planted almost 50 percent of all peanut acreage nationwide,46 with ACF Georgia 

accounting for approximately 54 percent ($478 million) of total peanut sales in 2012.47 Georgia is also 

the nation’s second largest producer of cotton, producing more than $1.3 billion in sales in 2012, with 

ACF Georgia contributing roughly 47 percent ($618 million) of this production.  

44 Agricultural statistics are reported at the county level.  In this calculation, I define ACF Georgia as all counties 
overlapping the Local Drainage Areas (LDAs) identified by Dr. Sunding to be in the ACF River Basin. I use 
National Environmentally Sound Production Agriculture Laboratory (“NESPAL”) dataset that has irrigated 
acreage to determine county-LDA overlaps.

45 As described in the Flint River Basin Regional Water Development and Conservation Plan, the highest 
concentration of irrigation in the Flint River Basin is in the lower Flint River and Spring Creek sub-basins.  See
Couch, Carol A., and R. J. McDowell, “Flint River Basin Regional Water Development and Conservation 
Plan," Georgia DNR-EPD (2006) (“Flint River Plan”).

46 National commodity production by state was provided by the United States Department of Agriculture (USDA) 
National Agriculture Statistics Survey. Data available through the USDA quick stats tool.

47 Crop commercial values were provided by the University of Georgia Farm Gate data (UGA_00130458); 
According to the Georgia Cotton Production Guide, Georgia was the second largest producer of cotton in 2014 
(“2015 Georgia Cotton Production Guide,” The University of Georgia Cooperative Extension, January 2015.).
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Exhibit 7: ACF Georgia Agricultural Commercial Value 
Output in 2013 ($2012 billions)  

 

Crop 
Commercial 

Value in 2013 
($2012 billion) 

Row and Forage Crops   

Cotton $0.6  

Peanuts $0.3  

Corn $0.3  

Other row and forage crops $0.2  

Subtotal $1.3  

All Agriculture Commodities   

Row and forage crops $1.3  

Poultry and Eggs $1.5  

Livestock $0.5  

Vegetables $0.4  

Nuts and fruits $0.3  

Other $0.6  

Total $4.7  

 

Notes & Sources:  Row and Forage crops includes Georgia’s three largest crops (corn, cotton, and peanuts) as well as barley, 
hay, oats, rye, silage, sorghum, soybeans, straw, tobacco, wheat, and other.  See University of Georgia Farm Gate data, 
(UGA_00130458).  ACF Georgia includes all counties with irrigated acreage drawing from the ACF River Basin as 
identified in the Sunding Report. 
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Exhibit 8: Select Industries that Rely on Regional Farm Products, Georgia ACF Basin 

Description 

Contribution 
to GRP 
($2013 
million) Employment 

Purchases of 
Georgia ACF 
Basin Farm 

Output 
($2013 million) 

Fiber, yarn, and thread mills $127  1,698 $40.1  
All other food manufacturing $62.6  909 $10.3  
Breweries $303  791 $10.7  
Other animal food manufacturing $69.0  481 $49.9  
Roasted nuts and peanut butter manufacturing $68.3  362 $10.7  
Soybean and other oilseed processing $54.3  272 $33.0  
Fats and oils refining and blending $2.3  17 $0.3  

Total $687  4,531 $155  

 
Notes & Sources:  “GRP” is Gross Regional Product.  IMPLAN. 
 

Within the ACF Basin, there is also substantial economic activity dependent on output from the 

agricultural sector, such as food processing.  Exhibit 8 shows the economic activities in ACF Georgia that 

use row crops (corn, cotton, peanuts, and soybeans) and other agricultural commodities as inputs to 

production.  These sectors contributed more than $687 million to GRP and purchased as inputs more than 

$155 million of raw agricultural commodities from farmers within the region.  A restriction in water use 

that led to reduced and variable farm output could lead to shifts in the location of this economic activity 

or diminished capital investment in the region. 

The importance of agriculture to the region is also reflected in the many institutions devoted to 

agriculture, including those with a particular focus on water use by the agricultural sector.  The University 

of Georgia has a campus in Tifton, with much of its activities focused on agricultural research, education, 

and extension, particularly within the Lower ACF Basin.  The Georgia Water Planning and Policy Center 

(“GWPPC”), located at Albany State University, focuses on water use in the agricultural sector, providing 

research, education, and policy support.  The GWPPC has played an important role in promoting and 

leading long term water planning and conservation efforts.48  For example the GWPPC has supported 

three regional water councils (Upper Flint, Lower Flint-Ochlockonee, and Middle Chattahoochee) in the 

development of their regional water plans.  The GWPPC has also been instrumental in the use of 

                                                      

48  See Expert Report of Suat Irmak, Ph.D. (May 20, 2016).  (hereafter, “Irmak Report”).   
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Geographic Information System (GIS) data analysis to both map irrigated acreage parcels and implement 

the Agricultural Water Metering Program.  These resources allow the GWPPC, in collaboration with 

other stakeholders and agencies, to monitor, implement, and evaluate total water use in the Basin. 

b) Water Use in the Agricultural Sector

Water is an essential input to agricultural production.  Water comes from two primary sources.  

One source is natural precipitation, which varies both across geographies and over time given natural 

weather variability.  The other potential source of water is irrigation.  Irrigation systems provide a means 

for farmers to supplement natural precipitation to maintain yields above levels that would occur absent 

irrigation.  Irrigation systems typically provide farmers with a means of controlling the quantity and 

timing of water that is applied to crops, thus permitting them to optimize crop yields and total production.  

Georgia is also a leader in promoting irrigation conservation programs which further refine and optimize 

the quantity and timing of applications to maximize efficiency and reduce water use.49

Irrigation is essential to the productivity of the agricultural sector in ACF Georgia. Given the 

natural variability of rainfall, irrigation provides a means of insuring against diminished yields or possibly 

entire crop losses during periods of limited precipitation.50 Absent irrigation, yields can drop 

substantially, potentially leading to a loss of most or all crops.  This impact is greatest during dry years.  

Exhibit 9 shows the differences in yields on irrigated and non-irrigated land during average and dry years 

from multiple data sources, including Dr. Sunding’s model.  These data illustrate that during dry years, 

the differences in yields between irrigated and non-irrigated farms is substantial.51  For example, farmers 

would be expected to produce 51 percent smaller peanut yields without irrigation than with irrigation

during a dry year.  Corn farmers could fare even worse: expected yields without irrigation are 68 percent 

lower during average years and 93 percent lower during dry years. 

49 Increases in irrigation efficiency have been achieved in the ACF Basin through a comprehensive suite of 
programs, including conversion of high pressure center pivot sprinklers to more efficient systems, and extensive 
outreach and pilot programs.  These programs are described at length in the Irmak Report.  I discuss the 
implications of increased irrigation efficiency in relation to Dr. Sunding’s conservation costs in Section IV.

50 See, for example, Deposition of Adelbert (Del) Bottcher, May 12, 2016, p. 81 (“Q: And farmers using dryland 
farming also face an increased risk of crop failure compared to farmers who irrigated, right?  A: That’s 
correct.”)

51 See also, Irmak Report.
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C. Proposals by Dr. Sunding to restrict water use in ACF Georgia would have 
substantial, broad impacts on affected sectors and regions in Georgia 

With any policy or mandate, such as the proposed restrictions on water use, the distribution of 

economic consequences is likely to vary across regions, sectors, and populations.

1. Analysis of the economic distribution of the proposed remedy shows 
substantial impacts to affected sectors and regions in Georgia 

The relative impacts of Dr. Sunding’s proposed scenarios can first be considered by comparing 

their impact on production within the two states.  As I described above, irrigated agricultural production 

accounts for large shares of many crops produced in the region. The elimination of irrigation would have 

substantial effects on productivity within the region.  By comparison, Florida’s expert Dr. Jenkins 

estimates that elimination of all consumptive use by Georgia would have increased oyster and blue crab 

harvests by 12 percent and 10 percent, respectively.86  The stark difference between Georgia and Florida 

in these relative impacts has much to do with the relative proportion of Georgia’s current use of water and 

the amount available to Florida, as shown in Exhibit 3.

Using economic models, I have evaluated the regional economic impacts of the reduction in 

economic activity in the agricultural sector under Dr. Sunding’s Scenario 1, in which all reductions in 

water use are achieved through deficit irrigation.  The economic impacts of his other scenarios would 

differ, because of reliance on reductions from different types of economic activity. 87 Exhibits 15 to 18

summarize my findings.  Results are estimated using the IMPLAN model (Exhibits 15 and 16) and the 

REMI model (Exhibits 17 and 18).88 These models differ in a number of different dimensions, including 

86 Expert Report of Dr. Kenneth Jenkins Report, February 29, 2016 (hereafter, “Jenkins Report”).
87 I discuss the potential economic impacts from a reduction in water use within the M&I sectors in Section IV.B.
88 IMPLAN stands for “IMpact analysis for PLANning.” I use IMPLAN version 3.1 software, and the 536 

sectoring scheme for my analysis, which provides a highly detailed representation of the Georgia and Florida 
economies.  These 536 sectors are based on the 6 digit North American Industry Classification Standards 
(NAICS). Additional information on IMPLAN can be found at http://www.implan.com/. REMI stands for 
Regional Economic Models, Inc. I used a seven region, seventy industry sector, REMI PI+ v.1.7 model for my 
input-output analysis. “PI+ is a structural economic forecasting and policy analysis model… [that] integrates 
input-output, computable general equilibrium, econometric and economic geography methodologies.”
Additional information on REMI can be found at http://www.remi.com/.
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collateral.100 Both of these developments would likely make it more difficult for farmers to obtain short-

and long-term loans on the same terms as before.

Evidence I have reviewed suggests that these are not merely theoretical concerns.  For example, 

in a study of risk management in farming, Crane et al. interviewed 38 farmers in southern Georgia, 

including some from the ACF Basin.101 One farmer interviewed stated that “one needs to have at least 

50% of landholdings under irrigation to make a profit or even to secure a loan from the bank.”102 In 

addition, in a letter dated April 7, 2016, Richard S. Monson, the CEO of the largest agricultural lender in 

the region, Southwest Georgia Farm Credit, stated:

“Loss of a readily available and consistent source of water would likewise have the 

compounding effect of not only decreasing loan repayment capacity; it would also 

translate into deteriorating farm real estate values. … From a financing proposition this 

becomes somewhat of an untenable situation. Aside from problematic cash flows, row 

crop farmers would have weakening collateral and equity positions, making it all the 

more difficult to obtain constructive financing.”103

2. Dr. Sunding fails to accurately characterize the potential impacts of his 
proposed reductions to the affected industries and local economies

While Dr. Phaneuf describes the Florida economy’s reliance on the region’s natural resources, Dr. 

Sunding downplays the reliance of ACF Georgia on water, particularly agriculture in the Flint River 

Basin.  In summarizing his findings, he compares the economic costs of one water reduction scenario 

($35 million for his Scenario 2) to the state’s overall economic activity, finding that the cost is “one-

hundredth of a percent” of Georgia’s annual state product.104 As an initial matter, Dr. Sunding fails to 

apply his own approach to Florida.  For example, in Section V, I estimate the annual economic benefits of 

100 For example, see “Comptroller’s Handbook Safety and Soundness Agricultural Lending,” Office of the 
Comptroller of Currency, May 2014, p. 18 (“Real estate, machinery, and equipment should be reevaluated 
whenever market conditions or other information leads the lender to believe that the collateral’s original 
assigned value may have significantly decreased.”).

101 Crane, T.A. et al., “Seasonal Climate Forecasts and Risk Management Among Georgia Farmers,” Southeast 
Climate Consortium Technical Report Series, 2008 (hereafter “Crane et al. (2008)”), p. 38.

102 Crane et al. (2008), pp. 39-40.  Emphasis added.
103 Letter from Richard S. Monson, dated April 7, 2016.
104 Sunding Report, p. 7.
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MEMORANDUM 
 
Date: April 29, 2016 
To: Jud Turner, Director, Georgia Environmental Protection Division 

From: Katherine Zitsch, Director 
RE: Chattahoochee-Flint River Basin Population Served  
  
As requested, the Metropolitan North Georgia Water Planning District (Metro Water District) 
has estimated the population served by utilities within the Metro Water District that withdraw 
water from the ACF Basin or are partially located within the ACF Basin. This includes water 
systems in Cherokee, Clayton, Cobb, Coweta, DeKalb, Douglas, Fayette, Forsyth, Fulton, 
Gwinnett, Hall, Henry and Paulding Counties.1  
 
The Atlanta Regional Commission prepared detailed estimates of the population residing in the 
Apalachicola-Chattahoochee-Flint (ACF) Basin in five-year intervals from 1995 through 2015. 
These estimates are provided in Attachment A. Estimates of basin residents do not capture the 
full population that depend on the ACF Basin to meet municipal and industrial water supply 
needs, however. This is because some water systems in the Metro Water District utilize the ACF 
Basin as a water supply source and also deliver water to the population residing within the 
respective county but outside of the ACF Basin boundary (see Figure 1 for basin and county 
boundaries). Thus, basin boundaries are not reliable estimates for determining the Metro Water 
District population that relies upon the surface waters of the ACF Basin for water supply. 
 
In general, the population in the Metro Water District dependent on ACF surface water supplies 
is represented as follows:  
 

ACF Dependent Population = Total County Population – Self-Supplied Population  
– Population Supplied by Public Groundwater – Population Supplied from Other Non-
ACF Sources 

                                                
1 This does not include Bartow and Rockdale Counties because, although they are located with the Metro 

Water District, they don’t rely on ACF for water supply and also don’t have any land area within the ACF basin. 

Metropolitan North Georgia Water Planning District 

40 Courtland Street NE I Atlanta , Georgia 30303 

www. north georg iawater.org 
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Figure 1: ACF River Basins and County Boundaries 
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Self-­‐Supplied	
  Groundwater	
  
In order to calculate the population served by public water supply systems (either groundwater or 
surface water), the Metro Water District first estimated the population served through individual 
groundwater wells. As part of the Metro Water District’s 2016 plan update, CH2M Hill, as 
contractor to the Metro Water District, estimated the self-supplied population in Metro Water 
District counties for the period from 2001 through 2015 as well as the corresponding water use 
by the self-supplied population. These estimates are provided in Attachment B.  
 
Next, the population within each county served by public water supply sources was calculated by 
subtracting the self-supplied population for each county (from Attachment B) from the total 
county population (from Attachment A). 2 The results of this analysis are presented in Table 1 
below. The corresponding calculation of total water supplied in each county by public water 
supplies is presented in Attachment B. 
 

Table 1 
Population Dependent on Public Water Supplies 
Metro Water District Counties within ACF Basin 

 
County 1995 2000 2005 2010 2015 
Cherokee  87,160   116,617   156,309   195,628   244,299  
Clayton  209,157   236,517   247,949   259,424   266,759  
Cobb  527,597   607,753   647,816   688,078   735,818  
Coweta  43,727   63,923   85,311   106,624   132,179  
DeKalb  605,973   665,841   678,811   691,893   727,685  
Douglas  81,703   92,331   112,359   132,403   152,534  
Fayette  60,092   75,978   85,040   94,061   98,152  
Forsyth  57,152   86,057   126,285   166,388   212,597  
Fulton  721,006   805,830   858,930   912,244   1,030,359  
Gwinnett  470,608   588,458   696,823   805,321   928,590  
Hall  77,993   103,365   126,895   150,279   185,722  
Henry  69,093   101,177   145,116   188,997   214,033  
Paulding  54,796   75,401   106,341   137,322   170,101  
 
	
   	
  

                                                
2 ARC utilized GeoLytics as the data source for historic population due to the availability of data at the 

block group level for the period needed. Therefore, total county population in this memo may vary slightly from US 
Census Bureau estimates. 
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Population	
  Served	
  by	
  Municipal	
  Groundwater	
  and	
  non-­‐ACF	
  Surface	
  Water	
  Supply	
  
Based on available data, the population served by either public groundwater sources or surface 
water sources outside of the ACF-basin was estimated using 2014 withdrawal amounts. Table 2 
presents the amount of water supplied by these non-ACF basin sources.3  
 
 
 

Table 2 
Chattahoochee and Flint River Public Water Supply Analysis 

(mgd-AADF) 
 

County Public 
Water 

Supply4 

2014 Public 
Groundwater and 
non-ACF Surface 

Water Withdrawals 

Percent Public 
Groundwater 
and non-ACF 
Surface Water 

Supply  

Percent ACF 
Surface Water 

Supply 	
  
Clayton 24.0 0.02 0.1% 99.9% 
Coweta 11.6 0.16 1.4% 98.6% 
DeKalb 71.0 0 0.0% 100.0% 
Douglas 13.0 0.4845	
   3.7% 96.3% 
Fayette 10.1 0.64 6.3% 93.7% 
Forsyth 21.2 0 0.0% 100.0% 
Fulton 138.4 0.11 0.1% 99.9% 
Gwinnett 82.0 0.45 0.5% 99.5% 
Hall 18.4 0.8676	
   4.7% 95.3% 

 
 

                                                
3 This table does not include Cobb County because this information is provided separately below. There are 

no permitted groundwater wells or groundwater withdrawals in Cobb County in 2014. The tables also do not include 
Cherokee, Henry or Paulding Counties because they are not served by water from the Chattahoochee or Flint River 
Basins. 

4 From Table B-3 
5 Douglas County is mainly supplied by water from the Chattahoochee River basin. However, the City of 

Villa Rica is within both Douglas County and Carroll County and supplies water to citizens from groundwater and 
surface water from the Alabama-Coosa-Tallapoosa Basin. In 2014, 40% of the population of Villa Rica was in 
Douglas County. Therefore, 40% of the surface water and groundwater usage is assumed to serve Douglas County 
citizens. Villa Rica did not report withdrawals from each water supply source separately, so 0.484 mgd includes 
40% of total withdrawals from both the Alabama-Coosa-Tallapoosa basin and groundwater. 

6 Includes 0.167 in actual groundwater use for the City of Lula. 2014 actual groundwater usage for the City 
of Flowery Branch was not available, so permitted (0.7 mgd average month) was used instead. 
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Cobb	
  County	
  
Cobb County is currently served by two water sources: Allatoona Lake in the Alabama-Coosa-
Tallapoosa (ACT) River Basin and the Chattahoochee River. Therefore, the relative share of 
each source of supply was estimated, as described in Attachment C. After adjusting for out-of-
county sales, the Chattahoochee River supplied between 51% and 65% of the water sales within 
Cobb County for each five-year period for which population estimates are being produced. The 
fraction of the Cobb County population served by ACF Basin sources is shown in Table 3.  

 
Table 3 

Percent of Cobb County Served by Chattahoochee River 
 

Year Percent of 
County Served 

1995 53% 
2000 51% 
2005 54% 
2010 62% 
2015 65% 

 
	
  
Population	
  Relying	
  on	
  ACF	
  Basin	
  Surface	
  Water	
  
Using the information above, the relative share of population that depends on surface water from 
the ACF Basin was calculated for each county. The results of this analysis are summarized in 
Table 4.7 Attachment D provides summaries of population estimates for the year 2015 based on 
the population that lives in the ACF basin versus population served by ACF surface water 
supplies. Although not evaluated as part of this process, a similar increased proportion of 
additional employment in these counties is also served by the Chattahoochee and Flint water 
supply sources.  
 
 
  

                                                
7 Because permitted amounts exceed actual withdrawals, using permitted groundwater withdrawals results 

in a larger estimate of the population utilizing groundwater, and thus a lower estimate of population served by 
surface water from the ACF Basin. Using permitted groundwater would decrease population served by the ACF 
basin by about 50,000 people in 2015. However, using actual groundwater usage more accurately reflects current 
conditions. 
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Table 4 
Population Served by Chattahoochee and Flint Sources 

 
County 1995 2000 2005 2010 2015 
Cherokee 0 0 0 0 0 
Clayton  208,983   236,320   247,742   259,208   266,537  
Cobb  279,626   309,954   349,821   426,608   478,282  
Coweta  43,125   63,044   84,137   105,157   130,360  
DeKalb  605,973   665,841   678,811   691,893   727,685  
Douglas  78,661   88,893   108,176   127,474   146,855  
Fayette  56,302   71,186   79,677   88,129   91,962  
Forsyth  57,152   86,057   126,285   166,388   212,597  
Fulton  720,432   805,189   858,247   911,518   1,029,539  
Gwinnett  468,025   585,229   692,999   800,902   923,494  
Hall  74,321   98,498   120,921   143,203   176,978  
Henry  0     0     0     0     0    
Paulding  0     0     0     0     0    
Subtotal - Metro Water  
District Served by ACF  
Water Supply Sources 2,592,602 3,010,212 3,346,817 3,720,479 4,184,289 
Georgia ACF Population 
outside Metro Water District8 

804,531 
 

847,032 
 

876,349 
 

906,973 
 

904,144 
 

Georgia ACF Dependent  
Population 

 
3,397,133  

 
3,857,244  

 
4,223,166  

 
4,627,452   5,088,433  

 
  

                                                
8 From Attachment A 
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M E M O R A N D U M 
 
Date:  April 29, 2016 
 
To:  Katherine Zitsch, Metropolitan North Georgia Water Planning District 
 
From: Mike Carnathan, Research & Analytics Division 
 
Subject: Historical Population & Employment Estimates for the ACF Basin 

As requested, the ARC Research & Analytics Division (RAD) has developed historical estimates of 
population and employment for the Apalachicola-Chattahoochee-Flint (ACF) River Basin in Georgia, 
Florida, and Alabama for the years 1995, 2000, 2005, 2010, and 2015. This memorandum summarizes 
the methodology RAD used to compile the required data and to produce the population and employment 
estimates for the ACF Basin. A summary of the resulting estimates RAD developed is also included 
below. 

ACF Basin Population Estimates 

RAD utilized census block data to estimate population within the ACF Basin. Census blocks are the 
smallest unit of geography for which the United States Census Bureau reports data. Census block data 
were acquired from GeoLytics, a private sector provider of demographic data. GeoLytics utilized census 
block population from the United States Census Bureau for 2000 and 2010; GeoLytics developed census 
block population estimates for 1995, 2005 and 2015.  

RAD used GIS software to estimate the fraction of the population reflected in the census block data that 
resides in the ACF Basin. RAD overlaid the 2010 census block geography onto shapefiles of the ACF 
Basin to identify those census block segments for which any part is located in the ACF Basin area. The 
“centroid method” was used to assign census blocks to the ACF Basin. Census block segments for 
which the centroid was located within the ACF Basin boundaries were assigned to the ACF Basin and 
used in the population estimates; census blocks for which the centroid was outside the ACF Basin 
boundaries were excluded from the estimates. Population estimates for the entire ACF Basin and for 
each individual state were then obtained by summing the population of all ACF Basin census blocks.  

Table 1 provides a summary of the total population in the ACF basin for Alabama, Florida and Georgia 
calculated using the GIS methods described above. Table 2 presents the percentage of total population in 
the ACF basin within each of the three states. For comparison purposes, relative land area in the ACF 
basin is presented in Tables 3 and 4. Attachment 1 provides population estimates for each of the counties 
within the ACF Basin based on the GeoLytics data for these same years. 
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Table 1. Total Population Within the ACF Basin 

Year Alabama Florida Georgia 
Total ACF Basin 
Population 

1995  195,080   75,405   2,717,731   2,988,216  
2000  207,750   80,863   3,046,091   3,334,704  
2005  216,662   84,624   3,287,201   3,588,487  
2010  225,978   88,505   3,530,442   3,844,925  
2015  235,908   90,451   3,839,829   4,166,188  
 
 
Table 2. Population Percentages Within the ACF Basin 
Year Alabama Florida Georgia 
1995 6.5% 2.5% 90.9% 
2000 6.2% 2.4% 91.3% 
2005 6.0% 2.4% 91.6% 
2010 5.9% 2.3% 91.8% 
2015 5.7% 2.2% 92.2% 
 
 
Table 3. Land Area within the ACF Basin 

	
  
Square Miles within Basin Percent of Basin's Land Area 

State 
Apalachicola 

Basin 
Chattahoochee 

Basin 
Flint 
Basin 

Apalachicola 
Basin 

Chattahoochee 
Basin 

Flint 
Basin 

Total 
ACF 

Alabama 264.96 2565.81 0.00 8.3% 29.5% 0.0% 13.9% 
Florida 2884.58 181.48 0.05 90.4% 2.1% 0.0% 15.1% 
Georgia 41.47 5959.61 8454.63 1.3% 68.4% 100.0% 71.0% 
Total 3191.01 8706.90 8454.68 100% 100% 100% 100.0% 
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Table 4. Metropolitan North Georgia Water Planning District 
Land Area within the ACF Basin (square miles)  

County Name 

Land Area in 
Chattahoochee 
Basin 

Land Area 
in Flint 
Basin 

Total Land 
Area in 

ACF Basin 
Bartow County, Georgia 0.00 0.00 0.00 
Cherokee County, Georgia 1.65 0.00 1.65 
Clayton County, Georgia 0.14 85.75 85.89 
Cobb County, Georgia 232.36 0.00 232.36 
Coweta County, Georgia 243.36 202.41 445.76 
DeKalb County, Georgia 84.41 0.00 84.41 
Douglas County, Georgia 201.00 0.00 201.00 
Fayette County, Georgia 0.00 199.29 199.29 
Forsyth County, Georgia 175.14 0.00 175.14 
Fulton County, Georgia 410.36 47.74 458.10 
Gwinnett County, Georgia 113.95 0.00 113.95 
Hall County, Georgia 272.54 0.00 272.54 
Henry County, Georgia 0.00 20.95364 20.95 
Paulding County, Georgia 88.12 0.00 88.12 
Rockdale County, Georgia 0.00 0.00 0.00 
TOTAL – MNGWPD 1823.03 556.13 2379.16 

Employment Estimates 
RAD also developed estimates of ACF Basin employment, which includes employment in 
establishments that are subject to the unemployment insurance tax paid, and would not include self-
proprietors such as self-employed agricultural workers. These employment estimates were derived using 
the United States Bureau of Labor Statistics’ Quarterly Census of Employment and Wages (QCEW) and 
the United States Census Bureau’s Quarterly Workforce Indicators (QWI).  

QWI data are the only small-area employment data available at the census block level across all three 
states. Therefore, QWI estimates of employment by census block were used for 2005 and 2010, which 
are the identified years for which QWI data are available. Estimates of employment in the ACF Basin 
were derived for years for which QWI data are not available (1995, 2000 and 2015) by scaling state-
level QCEW data based on the best available QWI data for a given year. This allowed RAD to maintain 
a consistent time-series of employment data across the period of analysis.  

This was completed using a multi-step process: 

1) First, QWI data were used to estimate the employment within the ACF Basin using the census 
block “centroid method” described above. This analysis was performed for Georgia, Florida, and 
Alabama, respectively, for the years 2005, 2010 and 2014.  
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2) The calculated total basin employment was then divided by the total QWI employment for each 
the three states during these same years. This produced a percentage of employment within the 
basin for each of the three states, thus representing each state’s “employment share” in 2005, 
2010, and 2014, respectively. 

3) Each state’s “employment share” was then multiplied by the total QCEW employment for that 
state to estimate ACF Basin employment for the suite of requested years. The shares derived 
from QWI data were then used to estimate employment during the relevant period as follows: 
 

a. The 2005 QWI employment share was utilized for 1995, 2000 and 2005. 
  

b. The 2010 QWI employment share was utilized for 2010. 
 

c. The 2014 QWI employment share was utilized for 2015. 

Total employment estimates from QWI and QCEW were compared for the requested years to validate 
this employment share method. Across all three states, total employment for the three subject years 
ranged from 4% different (2005) to 0.4% different (2014).  

Table 5 provides a summary of the total employment in the ACF Basin for Alabama, Florida and 
Georgia. Table 6 presents the percentage of total employment in the ACF Basin within each of the three 
states. 
 

Table 5. Total Employment Within the ACF Basin 

Year Alabama Florida Georgia 
Total ACF Basin 
Population 

1995  61,262   20,277   1,611,195   1,692,734  
2000  65,647   24,016   1,888,507   1,978,170  
2005  66,072   26,100   1,891,409   1,983,581  
2010  61,989   24,793   1,836,176   1,922,958  
2015  60,300   25,867   2,057,639   2,143,806  
 
 
Table 6. Employment Percentages Within the ACF Basin 
Year Alabama Florida Georgia 
1995 3.6% 1.2% 95.2% 
2000 3.3% 1.2% 95.5% 
2005 3.3% 1.3% 95.4% 
2010 3.2% 1.3% 95.5% 
2015 2.8% 1.2% 96.0% 
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Attachment	
  1	
  
GeoLytics	
  Population	
  Estimates	
  for	
  the	
  ACF	
  Basin	
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State	
  and	
  County Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
Alabama 195080 249504 444584
Barbour	
  County,	
  Alabama 17376 9794 27170
Bullock	
  County,	
  Alabama 801 10490 11291
Chambers	
  County,	
  Alabama 30052 6626 36678
Dale	
  County,	
  Alabama 49283 49283
Geneva	
  County,	
  Alabama 242 24391 24633
Henry	
  County,	
  Alabama 11641 4163 15804
Houston	
  County,	
  Alabama 46666 38284 84950
Lee	
  County,	
  Alabama 35954 65194 101148
Macon	
  County,	
  Alabama 349 24085 24434
Randolph	
  County,	
  Alabama 3899 17177 21076
Russell	
  County,	
  Alabama 48100 17 48117

Florida 75405 208574 283979
Bay	
  County,	
  Florida 627 136830 137457
Calhoun	
  County,	
  Florida 11942 27 11969
Franklin	
  County,	
  Florida 9115 824 9939
Gadsden	
  County,	
  Florida 7045 35976 43021
Gulf	
  County,	
  Florida 5521 6866 12387
Jackson	
  County,	
  Florida 38594 5425 44019
Liberty	
  County,	
  Florida 2103 4168 6271
Washington	
  County,	
  Florida 458 18458 18916

1995
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State	
  and	
  County Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
1995

Georgia 2717731 1703754 4421485
Baker	
  County,	
  Georgia 3810 3810
Banks	
  County,	
  Georgia 148 12147 12295
Calhoun	
  County,	
  Georgia 5643 5643
Carroll	
  County,	
  Georgia 20045 59252 79297
Chattahoochee	
  County,	
  Georgia 15883 15883
Cherokee	
  County,	
  Georgia 337 115659 115996
Clay	
  County,	
  Georgia 3356 3356
Clayton	
  County,	
  Georgia 137892 71265 209157
Cobb	
  County,	
  Georgia 395032 132565 527597
Colquitt	
  County,	
  Georgia 142 39131 39273
Coweta	
  County,	
  Georgia 71427 71427
Crawford	
  County,	
  Georgia 4840 5897 10737
Crisp	
  County,	
  Georgia 19258 1689 20947
Dawson	
  County,	
  Georgia 3260 9381 12641
Decatur	
  County,	
  Georgia 21838 4974 26812
DeKalb	
  County,	
  Georgia 252877 353096 605973
Dooly	
  County,	
  Georgia 6846 3840 10686
Dougherty	
  County,	
  Georgia 96175 96175
Douglas	
  County,	
  Georgia 81703 81703
Early	
  County,	
  Georgia 12079 12079
Fayette	
  County,	
  Georgia 76833 76833
Forsyth	
  County,	
  Georgia 55540 15666 71206
Fulton	
  County,	
  Georgia 616330 115836 732166
Grady	
  County,	
  Georgia 843 21077 21920
Gwinnett	
  County,	
  Georgia 106851 363757 470608
Habersham	
  County,	
  Georgia 29761 1916 31677
Hall	
  County,	
  Georgia 82217 35138 117355
Harris	
  County,	
  Georgia 20692 20692
Heard	
  County,	
  Georgia 9391 417 9808
Henry	
  County,	
  Georgia 3624 85448 89072
Houston	
  County,	
  Georgia 72 99793 99865
Lamar	
  County,	
  Georgia 4044 10405 14449
Lee	
  County,	
  Georgia 20476 20476
Lumpkin	
  County,	
  Georgia 14882 2867 17749
Macon	
  County,	
  Georgia 12836 721 13557
Marion	
  County,	
  Georgia 6336 6336
Meriwether	
  County,	
  Georgia 22428 22428
Miller	
  County,	
  Georgia 6324 6324
Mitchell	
  County,	
  Georgia 17761 4337 22098
Monroe	
  County,	
  Georgia 257 19134 19391
Muscogee	
  County,	
  Georgia 182737 182737
Paulding	
  County,	
  Georgia 32537 28955 61492
Peach	
  County,	
  Georgia 130 22279 22409
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State	
  and	
  County Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
1995

Georgia	
  (continued)
Pike	
  County,	
  Georgia 11921 11921
Quitman	
  County,	
  Georgia 2394 2394
Randolph	
  County,	
  Georgia 7883 7883
Schley	
  County,	
  Georgia 3667 3667
Seminole	
  County,	
  Georgia 9170 9170
Spalding	
  County,	
  Georgia 34011 22414 56425
Stewart	
  County,	
  Georgia 5419 5419
Sumter	
  County,	
  Georgia 31668 31668
Talbot	
  County,	
  Georgia 6478 6478
Taylor	
  County,	
  Georgia 8216 8216
Terrell	
  County,	
  Georgia 10800 10800
Towns	
  County,	
  Georgia 2 8006 8008
Troup	
  County,	
  Georgia 57099 57099
Turner	
  County,	
  Georgia 79 9001 9080
Union	
  County,	
  Georgia 70 14522 14592
Upson	
  County,	
  Georgia 26812 144 26956
Webster	
  County,	
  Georgia 2301 2301
White	
  County,	
  Georgia 16461 16461
Worth	
  County,	
  Georgia 7787 13025 20812
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State	
  and	
  County
Alabama
Barbour	
  County,	
  Alabama
Bullock	
  County,	
  Alabama
Chambers	
  County,	
  Alabama
Dale	
  County,	
  Alabama
Geneva	
  County,	
  Alabama
Henry	
  County,	
  Alabama
Houston	
  County,	
  Alabama
Lee	
  County,	
  Alabama
Macon	
  County,	
  Alabama
Randolph	
  County,	
  Alabama
Russell	
  County,	
  Alabama

Florida
Bay	
  County,	
  Florida
Calhoun	
  County,	
  Florida
Franklin	
  County,	
  Florida
Gadsden	
  County,	
  Florida
Gulf	
  County,	
  Florida
Jackson	
  County,	
  Florida
Liberty	
  County,	
  Florida
Washington	
  County,	
  Florida

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
207750 260815 468565
18250 10788 29038
785 10840 11625

29950 6630 36580
49129 49129

267 25501 25768
12109 4201 16310
47880 40904 88784
44603 70562 115165
352 23748 24100
3882 18501 22383
49672 11 49683
80863 224596 305459
800 147417 148217

13000 17 13017
9657 1400 11057
6693 38394 45087
6534 6798 13332
41268 5485 46753
2407 4614 7021
504 20471 20975

2000
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State	
  and	
  County
AlabamaGeorgia
Baker	
  County,	
  Georgia
Banks	
  County,	
  Georgia
Calhoun	
  County,	
  Georgia
Carroll	
  County,	
  Georgia
Chattahoochee	
  County,	
  Georgia
Cherokee	
  County,	
  Georgia
Clay	
  County,	
  Georgia
Clayton	
  County,	
  Georgia
Cobb	
  County,	
  Georgia
Colquitt	
  County,	
  Georgia
Coweta	
  County,	
  Georgia
Crawford	
  County,	
  Georgia
Crisp	
  County,	
  Georgia
Dawson	
  County,	
  Georgia
Decatur	
  County,	
  Georgia
DeKalb	
  County,	
  Georgia
Dooly	
  County,	
  Georgia
Dougherty	
  County,	
  Georgia
Douglas	
  County,	
  Georgia
Early	
  County,	
  Georgia
Fayette	
  County,	
  Georgia
Forsyth	
  County,	
  Georgia
Fulton	
  County,	
  Georgia
Grady	
  County,	
  Georgia
Gwinnett	
  County,	
  Georgia
Habersham	
  County,	
  Georgia
Hall	
  County,	
  Georgia
Harris	
  County,	
  Georgia
Heard	
  County,	
  Georgia
Henry	
  County,	
  Georgia
Houston	
  County,	
  Georgia
Lamar	
  County,	
  Georgia
Lee	
  County,	
  Georgia
Lumpkin	
  County,	
  Georgia
Macon	
  County,	
  Georgia
Marion	
  County,	
  Georgia
Meriwether	
  County,	
  Georgia
Miller	
  County,	
  Georgia
Mitchell	
  County,	
  Georgia
Monroe	
  County,	
  Georgia
Muscogee	
  County,	
  Georgia
Paulding	
  County,	
  Georgia
Peach	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2000

3046091 1992530 5038621
4074 4074
166 14242 14408
6320 6320
23044 64224 87268
14882 14882
426 141497 141923
3357 3357

155214 81303 236517
442056 165697 607753

159 41887 42046
89215 89215
5240 7255 12495
20152 1844 21996
4374 11613 15987
23195 5044 28239

276579 389262 665841
7186 4338 11524
96065 96065
92331 92331
12354 12354
91263 91263
78137 20254 98391

691623 124397 816020
912 22748 23660

138725 449733 588458
33758 2149 35907
94571 44733 139304
23694 23694
10566 446 11012
3980 115439 119419

97 110668 110765
4421 11491 15912
24757 24757
17476 3504 20980
13314 759 14073
7144 7144
22534 22534
6383 6383
19530 4402 23932
243 21515 21758

186291 186291
44939 36576 81515
126 23543 23669
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State	
  and	
  County
AlabamaGeorgia	
  (continued)
Pike	
  County,	
  Georgia
Quitman	
  County,	
  Georgia
Randolph	
  County,	
  Georgia
Schley	
  County,	
  Georgia
Seminole	
  County,	
  Georgia
Spalding	
  County,	
  Georgia
Stewart	
  County,	
  Georgia
Sumter	
  County,	
  Georgia
Talbot	
  County,	
  Georgia
Taylor	
  County,	
  Georgia
Terrell	
  County,	
  Georgia
Towns	
  County,	
  Georgia
Troup	
  County,	
  Georgia
Turner	
  County,	
  Georgia
Union	
  County,	
  Georgia
Upson	
  County,	
  Georgia
Webster	
  County,	
  Georgia
White	
  County,	
  Georgia
Worth	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2000

13688 13688
2598 2598
7791 7791
3766 3766
9369 9369
35922 22498 58420
5252 5252
33200 33200
6499 6499
8816 8816
10970 10970

5 9314 9319
58779 58779

97 9407 9504
85 17212 17297

27441 156 27597
2390 2390
19956 19956
8594 13380 21974
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State	
  and	
  County
Alabama
Barbour	
  County,	
  Alabama
Bullock	
  County,	
  Alabama
Chambers	
  County,	
  Alabama
Dale	
  County,	
  Alabama
Geneva	
  County,	
  Alabama
Henry	
  County,	
  Alabama
Houston	
  County,	
  Alabama
Lee	
  County,	
  Alabama
Macon	
  County,	
  Alabama
Randolph	
  County,	
  Alabama
Russell	
  County,	
  Alabama

Florida
Bay	
  County,	
  Florida
Calhoun	
  County,	
  Florida
Franklin	
  County,	
  Florida
Gadsden	
  County,	
  Florida
Gulf	
  County,	
  Florida
Jackson	
  County,	
  Florida
Liberty	
  County,	
  Florida
Washington	
  County,	
  Florida

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
216662 270097 486759
17588 10614 28202
714 10531 11245

28950 6400 35350
49605 49605

335 25887 26222
12536 4240 16776
50825 44262 95087
50347 77316 127663
324 22407 22731
3780 18828 22608
51263 7 51270
84624 237974 322598
849 157546 158395

13763 39 13802
10479 793 11272
6901 38791 45692
7888 6707 14595
41683 6559 48242
2538 5148 7686
523 22391 22914

2005
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State	
  and	
  County
AlabamaGeorgia
Baker	
  County,	
  Georgia
Banks	
  County,	
  Georgia
Calhoun	
  County,	
  Georgia
Carroll	
  County,	
  Georgia
Chattahoochee	
  County,	
  Georgia
Cherokee	
  County,	
  Georgia
Clay	
  County,	
  Georgia
Clayton	
  County,	
  Georgia
Cobb	
  County,	
  Georgia
Colquitt	
  County,	
  Georgia
Coweta	
  County,	
  Georgia
Crawford	
  County,	
  Georgia
Crisp	
  County,	
  Georgia
Dawson	
  County,	
  Georgia
Decatur	
  County,	
  Georgia
DeKalb	
  County,	
  Georgia
Dooly	
  County,	
  Georgia
Dougherty	
  County,	
  Georgia
Douglas	
  County,	
  Georgia
Early	
  County,	
  Georgia
Fayette	
  County,	
  Georgia
Forsyth	
  County,	
  Georgia
Fulton	
  County,	
  Georgia
Grady	
  County,	
  Georgia
Gwinnett	
  County,	
  Georgia
Habersham	
  County,	
  Georgia
Hall	
  County,	
  Georgia
Harris	
  County,	
  Georgia
Heard	
  County,	
  Georgia
Henry	
  County,	
  Georgia
Houston	
  County,	
  Georgia
Lamar	
  County,	
  Georgia
Lee	
  County,	
  Georgia
Lumpkin	
  County,	
  Georgia
Macon	
  County,	
  Georgia
Marion	
  County,	
  Georgia
Meriwether	
  County,	
  Georgia
Miller	
  County,	
  Georgia
Mitchell	
  County,	
  Georgia
Monroe	
  County,	
  Georgia
Muscogee	
  County,	
  Georgia
Paulding	
  County,	
  Georgia
Peach	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2005

3287201 2258807 5546008
3754 3754
215 16190 16405
6502 6502
27148 71710 98858
13060 13060
433 177673 178106
3254 3254

161167 86782 247949
461028 186788 647816

176 43530 43706
108204 108204

5203 7347 12550
20646 2075 22721
4997 14130 19127
23442 4565 28007

284693 394118 678811
8141 5048 13189
95278 95278

112359 112359
11656 11656
98876 98876

109032 27877 136909
744750 123404 868154

911 23346 24257
163737 533086 696823
37195 2261 39456

104210 55216 159426
27820 27820
10931 485 11416
5548 156079 161627

86 125163 125249
4565 12520 17085
26514 26514
20364 5104 25468
13602 783 14385
7925 7925
22230 22230
6242 6242
19222 4464 23686
227 23853 24080

188058 188058
56815 55060 111875
120 25556 25676
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State	
  and	
  County
AlabamaGeorgia	
  (continued)
Pike	
  County,	
  Georgia
Quitman	
  County,	
  Georgia
Randolph	
  County,	
  Georgia
Schley	
  County,	
  Georgia
Seminole	
  County,	
  Georgia
Spalding	
  County,	
  Georgia
Stewart	
  County,	
  Georgia
Sumter	
  County,	
  Georgia
Talbot	
  County,	
  Georgia
Taylor	
  County,	
  Georgia
Terrell	
  County,	
  Georgia
Towns	
  County,	
  Georgia
Troup	
  County,	
  Georgia
Turner	
  County,	
  Georgia
Union	
  County,	
  Georgia
Upson	
  County,	
  Georgia
Webster	
  County,	
  Georgia
White	
  County,	
  Georgia
Worth	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2005

15760 15760
2549 2549
7738 7738
4379 4379
9025 9025
38247 22987 61234
5632 5632
32997 32997
6664 6664
8836 8836
10132 10132

2 9881 9883
62909 62909

95 9097 9192
110 19175 19285

27196 159 27355
2578 2578
23517 23517
8499 13295 21794
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State	
  and	
  County
Alabama
Barbour	
  County,	
  Alabama
Bullock	
  County,	
  Alabama
Chambers	
  County,	
  Alabama
Dale	
  County,	
  Alabama
Geneva	
  County,	
  Alabama
Henry	
  County,	
  Alabama
Houston	
  County,	
  Alabama
Lee	
  County,	
  Alabama
Macon	
  County,	
  Alabama
Randolph	
  County,	
  Alabama
Russell	
  County,	
  Alabama

Florida
Bay	
  County,	
  Florida
Calhoun	
  County,	
  Florida
Franklin	
  County,	
  Florida
Gadsden	
  County,	
  Florida
Gulf	
  County,	
  Florida
Jackson	
  County,	
  Florida
Liberty	
  County,	
  Florida
Washington	
  County,	
  Florida

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
225978 280057 506035
16979 10478 27457
649 10265 10914

28007 6208 34215
50251 50251

410 26380 26790
13003 4299 17302
53884 47663 101547
56124 84123 140247
296 21156 21452
3682 19231 22913
52944 3 52947
88505 251780 340285
896 167956 168852

14560 65 14625
11352 197 11549
7126 39263 46389
9242 6621 15863
42118 7628 49746
2671 5694 8365
540 24356 24896

2010
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State	
  and	
  County
AlabamaGeorgia
Baker	
  County,	
  Georgia
Banks	
  County,	
  Georgia
Calhoun	
  County,	
  Georgia
Carroll	
  County,	
  Georgia
Chattahoochee	
  County,	
  Georgia
Cherokee	
  County,	
  Georgia
Clay	
  County,	
  Georgia
Clayton	
  County,	
  Georgia
Cobb	
  County,	
  Georgia
Colquitt	
  County,	
  Georgia
Coweta	
  County,	
  Georgia
Crawford	
  County,	
  Georgia
Crisp	
  County,	
  Georgia
Dawson	
  County,	
  Georgia
Decatur	
  County,	
  Georgia
DeKalb	
  County,	
  Georgia
Dooly	
  County,	
  Georgia
Dougherty	
  County,	
  Georgia
Douglas	
  County,	
  Georgia
Early	
  County,	
  Georgia
Fayette	
  County,	
  Georgia
Forsyth	
  County,	
  Georgia
Fulton	
  County,	
  Georgia
Grady	
  County,	
  Georgia
Gwinnett	
  County,	
  Georgia
Habersham	
  County,	
  Georgia
Hall	
  County,	
  Georgia
Harris	
  County,	
  Georgia
Heard	
  County,	
  Georgia
Henry	
  County,	
  Georgia
Houston	
  County,	
  Georgia
Lamar	
  County,	
  Georgia
Lee	
  County,	
  Georgia
Lumpkin	
  County,	
  Georgia
Macon	
  County,	
  Georgia
Marion	
  County,	
  Georgia
Meriwether	
  County,	
  Georgia
Miller	
  County,	
  Georgia
Mitchell	
  County,	
  Georgia
Monroe	
  County,	
  Georgia
Muscogee	
  County,	
  Georgia
Paulding	
  County,	
  Georgia
Peach	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2010

3530442 2526620 6057062
3451 3451
264 18131 18395
6694 6694
31279 79248 110527
11267 11267
443 213903 214346
3183 3183

167129 92295 259424
480124 207954 688078

194 45304 45498
127317 127317

5192 7438 12630
21140 2299 23439
5632 16698 22330
23742 4100 27842

292832 399061 691893
9118 5800 14918
94565 94565

132403 132403
11008 11008

106567 106567
139987 35524 175511
798127 122454 920581

919 24092 25011
188760 616561 805321
40660 2381 43041

113943 65741 179684
32024 32024
11314 520 11834
7116 196806 203922

78 139822 139900
4716 13601 18317
28298 28298
23255 6711 29966
13927 813 14740
8742 8742
21992 21992
6125 6125
18954 4544 23498
217 26207 26424

189885 189885
68721 73603 142324
114 27581 27695
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State	
  and	
  County
AlabamaGeorgia	
  (continued)
Pike	
  County,	
  Georgia
Quitman	
  County,	
  Georgia
Randolph	
  County,	
  Georgia
Schley	
  County,	
  Georgia
Seminole	
  County,	
  Georgia
Spalding	
  County,	
  Georgia
Stewart	
  County,	
  Georgia
Sumter	
  County,	
  Georgia
Talbot	
  County,	
  Georgia
Taylor	
  County,	
  Georgia
Terrell	
  County,	
  Georgia
Towns	
  County,	
  Georgia
Troup	
  County,	
  Georgia
Turner	
  County,	
  Georgia
Union	
  County,	
  Georgia
Upson	
  County,	
  Georgia
Webster	
  County,	
  Georgia
White	
  County,	
  Georgia
Worth	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2010

17869 17869
2513 2513
7719 7719
5010 5010
8729 8729
40594 23479 64073
6058 6058
32819 32819
6865 6865
8906 8906
9315 9315

0 10471 10471
67044 67044

96 8834 8930
135 21221 21356

26990 163 27153
2799 2799
27144 27144
8419 13260 21679
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State	
  and	
  County
Alabama
Barbour	
  County,	
  Alabama
Bullock	
  County,	
  Alabama
Chambers	
  County,	
  Alabama
Dale	
  County,	
  Alabama
Geneva	
  County,	
  Alabama
Henry	
  County,	
  Alabama
Houston	
  County,	
  Alabama
Lee	
  County,	
  Alabama
Macon	
  County,	
  Alabama
Randolph	
  County,	
  Alabama
Russell	
  County,	
  Alabama

Florida
Bay	
  County,	
  Florida
Calhoun	
  County,	
  Florida
Franklin	
  County,	
  Florida
Gadsden	
  County,	
  Florida
Gulf	
  County,	
  Florida
Jackson	
  County,	
  Florida
Liberty	
  County,	
  Florida
Washington	
  County,	
  Florida

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
235908 288031 523939
15979 9652 25631
610 9438 10048

25494 5231 30725
48976 48976

402 24587 24989
12324 3937 16261
57769 53267 111036
63326 95545 158871
266 19363 19629
3541 18033 21574
56197 2 56199
90451 261329 351780
824 172327 173151

14942 61 15003
12279 117 12396
7245 42144 49389
8541 5678 14219
43154 8122 51276
2860 6019 8879
606 26861 27467

2015
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State	
  and	
  County
AlabamaGeorgia
Baker	
  County,	
  Georgia
Banks	
  County,	
  Georgia
Calhoun	
  County,	
  Georgia
Carroll	
  County,	
  Georgia
Chattahoochee	
  County,	
  Georgia
Cherokee	
  County,	
  Georgia
Clay	
  County,	
  Georgia
Clayton	
  County,	
  Georgia
Cobb	
  County,	
  Georgia
Colquitt	
  County,	
  Georgia
Coweta	
  County,	
  Georgia
Crawford	
  County,	
  Georgia
Crisp	
  County,	
  Georgia
Dawson	
  County,	
  Georgia
Decatur	
  County,	
  Georgia
DeKalb	
  County,	
  Georgia
Dooly	
  County,	
  Georgia
Dougherty	
  County,	
  Georgia
Douglas	
  County,	
  Georgia
Early	
  County,	
  Georgia
Fayette	
  County,	
  Georgia
Forsyth	
  County,	
  Georgia
Fulton	
  County,	
  Georgia
Grady	
  County,	
  Georgia
Gwinnett	
  County,	
  Georgia
Habersham	
  County,	
  Georgia
Hall	
  County,	
  Georgia
Harris	
  County,	
  Georgia
Heard	
  County,	
  Georgia
Henry	
  County,	
  Georgia
Houston	
  County,	
  Georgia
Lamar	
  County,	
  Georgia
Lee	
  County,	
  Georgia
Lumpkin	
  County,	
  Georgia
Macon	
  County,	
  Georgia
Marion	
  County,	
  Georgia
Meriwether	
  County,	
  Georgia
Miller	
  County,	
  Georgia
Mitchell	
  County,	
  Georgia
Monroe	
  County,	
  Georgia
Muscogee	
  County,	
  Georgia
Paulding	
  County,	
  Georgia
Peach	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2015

3839829 2797333 6637162
2560 2560
287 19268 19555
6544 6544
34166 86357 120523
8478 8478
526 259847 260373
2795 2795

172999 93760 266759
512353 223465 735818

172 47075 47247
150884 150884

4698 7301 11999
20328 2215 22543
6540 19145 25685
22891 3686 26577

318627 409058 727685
8299 5194 13493
94193 94193

152534 152534
8941 8941

109457 109457
176153 44278 220431
904920 132975 1037895

828 23335 24163
213796 714794 928590
45318 2598 47916

131636 80666 212302
34879 34879
11156 510 11666
7952 219572 227524

75 151027 151102
4708 13646 18354
29622 29622
25748 7836 33584
12434 744 13178
8277 8277
19874 19874
5364 5364
18677 4178 22855
183 27792 27975

189387 189387
83848 90775 174623
112 29510 29622
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State	
  and	
  County
AlabamaGeorgia	
  (continued)
Pike	
  County,	
  Georgia
Quitman	
  County,	
  Georgia
Randolph	
  County,	
  Georgia
Schley	
  County,	
  Georgia
Seminole	
  County,	
  Georgia
Spalding	
  County,	
  Georgia
Stewart	
  County,	
  Georgia
Sumter	
  County,	
  Georgia
Talbot	
  County,	
  Georgia
Taylor	
  County,	
  Georgia
Terrell	
  County,	
  Georgia
Towns	
  County,	
  Georgia
Troup	
  County,	
  Georgia
Turner	
  County,	
  Georgia
Union	
  County,	
  Georgia
Upson	
  County,	
  Georgia
Webster	
  County,	
  Georgia
White	
  County,	
  Georgia
Worth	
  County,	
  Georgia

Inside	
  ACF	
  Basin Outside	
  ACF	
  Basin Grand	
  Total
2015

19722 19722
2414 2414
6700 6700
5489 5489
7671 7671
42849 24434 67283
5192 5192
30774 30774
5606 5606
7705 7705
7362 7362

0 10734 10734
70775 70775

67 7049 7116
131 22580 22711

25055 155 25210
2371 2371
28983 28983
7744 11774 19518
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Attachment B 
Self-Supplied Population, Self-Supplied Water Usage 

and Public Water Supply Calculations  
 
 

Table B-1 
Self-Supplied Population 

County 19959 2000 2005 2010 2015 
Cherokee 28,836 25,306 21,797 18,718 16,074 
Clayton 0    0    0     0 0 
Cobb 0    0    0     0 0 
Coweta  27,700   25,292   22,893   20,693   18,705  
DeKalb 0    0    0     0 0 
Douglas 0    0    0     0 0 
Fayette  16,741   15,285   13,836   12,506   11,305  
Forsyth  14,054   12,334   10,624   9,123   7,834  
Fulton  11,160   10,190   9,224   8,337   7,536  
Gwinnett 0    0    0     0 0 
Hall  39,362   35,939   32,531   29,405   26,580  
Henry  19,979   18,242   16,511   14,925   13,491  
Paulding  6,696   6,114   5,534   5,002   4,522  
 
  

                                                
9 Population served by self-supplied groundwater provided by CH2M for 2001-2015 as prepared for the 

2016 Metro District Plan update. Population served by self-supplied groundwater estimated for 1995 and 2000 based 
upon the trendline from 2001-2005 for each county. 
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Table B-2 
Self-Supplied Water Usage  

(Average of Baseline Years10) 
County mgd-AADF 
Cherokee 1.20 
Clayton 0 
Cobb 0 
Coweta 1.37 
DeKalb 0 
Douglas 0 
Fayette 0.85 
Forsyth 0.78 
Fulton 0.64 
Gwinnett 0 
Hall 1.59 
Henry 0.88 
Paulding 0.31 

 
  

                                                
10 Baseline water use includes available data for the years 2010, 2011, 2012 and 2014. Self-supplied water 

use is the average of water usage over these same four years. 
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Table B-3 
Public Water Supply Calculations 

County 

Baseline 
Water Use 
(AADF)11 

Self-Supplied 
Ground-water 

(AADF) 

Public Water 
Supply 
(AADF) 

Cherokee 19 1.20 17.8 
Clayton 24 0.00 24.0 
Cobb 70 0.00 70.0 
Coweta 13 1.37 11.6 
DeKalb 71 0.00 71.0 
Douglas 13 0.00 13.0 
Fayette 11 0.85 10.1 
Forsyth 22 0.78 21.2 
Fulton 139 0.64 138.4 
Gwinnett 82 0.00 82.0 
Hall 20 1.59 18.4 
Henry 23 0.88 22.1 
Paulding 12 0.31 11.7 

	
  
	
  

	
   	
   
 

 
 
 

  

                                                
11 Letter from Judson Turner, Director, Georgia Environmental Protection Division, to Col. Chytka, 

District Commander, Mobile District, U.S. Army Corps of Engineers, regarding Updated Water Demand Projections 
(September 14, 2015). 
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Attachment C 
Cobb County Analysis 

 
The Cobb County-Marietta Water Authority (CCMWA) withdraws and treats water for Cobb 
County customers from two water sources – Allatoona Lake and the Chattahoochee River. 
CCMWA sells this water on a wholesale basis to the Cobb County Water System and several 
other entities within Cobb County: the City of Austell, the City of Kennesaw, Lockheed Martin, 
the City of Marietta, the City of Powder Springs, the City of Smyrna and Southern Polytechnic 
State University (now Kennesaw State University). In addition, CCMWA supplies water – or has 
historically supplied water – to several wholesale customers outside of Cobb County. These 
customers are summarized in Table C-1 below along with the water supply source that serves 
each customer.12 
 

Table C-1 
CCMWA Wholesale Customers Outside of Cobb County 

 
Wholesale Customer Water Supply Source 
Cherokee County Allatoona Lake (Wyckoff Water Treatment Plant) 
City of Woodstock Allatoona Lake (Wyckoff Water Treatment Plant) 
City of Mountain Park Chattahoochee River (Quarles Water Treatment Plant) 
Douglas County Chattahoochee River (Quarles Water Treatment Plant) 
Fulton County Allatoona Lake (Wyckoff Water Treatment Plant) 
Paulding County Allatoona Lake (Wyckoff Water Treatment Plant) 
 
Table C-2 provides the total annual withdrawals from each of these water supply sources for the 
period from 1990-2015, the total water supplied for outside of county sales from each of these 
water supply sources, the amount of Cobb County sales from each water supply source, the 
percentage sold from the Chattahoochee River and a five-year average of that percentage.13 
 
  

                                                
12 Information provided by CCMWA included water withdrawn from each facility, water sold to wholesale 

customers, and information on which plant primarily serves each outside-of-county wholesale customer. 
13 System losses reflecting differences between the amount withdrawn and the amount sold are assumed to 

occur within Cobb County.  
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Table C-2 
Total CCMWA Withdrawals and Sales from Each Water Supply Source 

(in million gallons) 
 

Year 

Allatoona Lake 
(Wyckoff WTP) 

Chattahoochee River 
(Quarles WTP) 

Total 
Withdrawals 

Outside 
of 

County 
Sales 

Sales 
Inside 
Cobb 

County 

Percent 
of Total 

Cobb 
County 
Sales Total 

Withdrawals 

Outside 
of 

County 
Sales 

Sales 
Inside 
Cobb 

County  

Percent 
of Total 

Cobb 
County 
Sales 

Five 
Year 

Average 
Cobb 

County 
Sales 

1991 12,490  2,578  9,912 46% 12,000  357  11,643 54% 

53% 

1992 11,982  1,977  10,005 46% 12,377  483  11,894 54% 
1993 14,636  2,226  12,410 51% 12,418  400  12,018 49% 
1994 14,375  2,396  11,979 46% 14,562  692  13,870 54% 
1995 14,938  2,339  12,599 48% 14,116  532  13,584 52% 
1996 15,406  2,640  12,766 49% 13,719  183  13,536 51% 

51% 

1997 15,719  2,658  13,061 49% 14,042  212  13,830 51% 
1998 17,059  2,844  14,215 49% 15,427  620  14,807 51% 
1999 18,350  2,847  15,503 50% 15,943  693  15,250 50% 
2000 18,296  3,115  15,181 48% 17,085  726  16,359 52% 
2001 17,768  2,960  14,808 49% 15,692  87  15,605 51% 

54% 

2002 18,218  3,096  15,122 49% 15,844  22  15,822 51% 
2003 17,092  3,192  13,900 48% 15,227  20  15,207 52% 
2004 16,126  3,277  12,849 43% 17,130  19  17,111 57% 
2005 16,213  3,804  12,409 42% 17,153  35  17,118 58% 
2006 15,498  4,479  11,019 38% 17,998  99  17,899 62% 

62% 

2007 16,834  4,447  12,387 41% 19,056  957  18,099 59% 
2008 12,935  3,871  9,064 36% 15,996  23  15,973 64% 
2009 13,132  4,192  8,940 36% 15,900  28  15,872 64% 
2010 14,644  4,307  10,338 40% 15,802  22  15,780 60% 
2011 13,969  4,221  9,747 37% 16,488  60  16,428 63% 

65% 

2012 12,371  4,305  8,067 31% 18,062  202  17,860 69% 
2013 11,189  4,094  7,095 30% 16,472  16  16,457 70% 
2014 13,432  4,191  9,241 37% 15,566  85  15,481 63% 
2015 14,074  4,336  9,738 39% 15,425  23  15,402 61% 
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Attachment D 
2015 Population Comparisons 

 
 

County 

Total 
County 

Population 

Population 
that Lives 
within the 
ACF Basin 

Population 
Dependent on 

ACF Basin 
Surface Water 
Supply Sources 

Difference vs 
Population that 
Lives within the 

ACF Basin 
Cherokee 260,373 526 0 -526 
Clayton  266,759   172,999  266,537  93,538  
Cobb  735,818   512,353  478,282 -34,071  
Coweta  150,884   150,884  130,360 -20,524  
DeKalb  727,685   318,627  727,685  409,058  
Douglas  152,534   152,534  146,855 -5,679  
Fayette  109,457   109,457  91,962 -17,495  
Forsyth  220,431   176,153  212,597  36,444  
Fulton  1,037,895   904,920  1,029,539  124,619  
Gwinnett   928,590   213,796  923,494  709,698  
Hall  212,302   131,636  176,978  45,342  
Henry  227,524   7,952  0 -7,952  
Paulding  174,623   83,848  0 -83,848  
TOTAL 5,204,875 2,935,685 4,184,289    1,248,604 
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24. The expert reports of Drs. Dracup, Flewelling, and Sunding suggest that Georgia’s 
management and stewardship of water resources in the ACF Basin has been inadequate, 
that municipal and industrial water use is not properly reported in Georgia, and that 
municipal and industrial water use should be further reduced through a variety of 
measures in order to benefit downstream flows in Florida. Contrary to the conclusions in 
the Florida Reports, however, Georgia is a good steward of water resources in the ACF 
Basin and its use of water for municipal and industrial purposes is reasonable and 
efficient.  

2. Georgia’s municipal and industrial water use in the ACF Basin is reasonable, 
responsible and efficient.  

2.1. The Flewelling Report erroneously relies on comparisons of the total volume and 
relative share of each state’s respective water use in the ACF Basin. 

25. The Flewelling Report cites the total volume and the relative share of water used in 
Georgia’s portion of the ACF Basin in comparison to Florida (and Alabama).14 For example, 
Dr. Flewelling reports that Georgia is the “dominant consumer of water in the basin,” and 
that “Georgia accounted for over 90% of the total non-thermoelectric water use.”15 From 
this, Dr. Flewelling appears to suggest that Georgia’s use is somehow unreasonable or 
inequitable simply because it is larger.  

26. Dr. Flewelling’s superficial observations shed no light on whether Georgia’s municipal and 
industrial water use is reasonable or efficient. The population within the ACF Basin is 
overwhelmingly located in Georgia. As of 2015, fully 92.2 percent of the ACF Basin’s 
population resided in Georgia, while just 2.2 percent resided in Florida.16 To put this in 
perspective, the population of Fulton County that depends on the ACF Basin for water 
supply — which is just one county in the 15-county Metro Water District — is about 11.4 
times larger than the population of the entire State of Florida within the ACF Basin. More 
broadly, almost 5.1 million citizens in Georgia rely on the ACF Basin daily for water supply, 
while just 90,000 people reside in the ACF Basin in Florida.17  

                                                       
14 Flewelling Report, at p. 32. 
15 Flewelling Report, at p. S-1. 
16 Apr. 29, 2016 Memorandum from K. Zitsch to J. Turner re: Chattahoochee-Flint River Basin Population Served at 
Attachment A, p. 2. 
17 Apr. 29, 2016 Memorandum from K. Zitsch to J. Turner re: Chattahoochee-Flint River Basin Population Served at 
Attachment A, p. 2. 
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27. Economic activity in the ACF Basin is also overwhelmingly located in Georgia. In 2015, for 
example, Georgia accounted for 96 percent of the non-farm employment in the ACF Basin. 
In contrast, only 1.2 percent of the ACF Basin’s non-farm employment is in Florida.18  

28. Given the distribution of population and employment in the ACF Basin, it is not surprising 
that Georgia is the largest water user in the ACF Basin. Any scientifically valid comparison 
of relative water uses, therefore, must be standardized to account for such a 
disproportionate distribution of population and economic activity. Dr. Flewelling’s failure 
to do so, and his reliance instead on coarse and non-standardized comparisons using 
values such as the total amount of water withdrawn or the relative amounts of water 
used in each state, are unreliable and of no value in evaluating the reasonableness of 
Georgia’s water use or its value relative to water uses in Florida.  

2.2. Per capita water use in Georgia is lower than per capita water use in northern Florida. 

29. The Florida Reports criticize water reporting and management in Georgia, but offer no 
useful comparisons or evaluations of the reasonableness or efficiency of Georgia’s use. It 
is possible to draw meaningful conclusions about the reasonableness and efficiency of 
municipal and industrial water use in Georgia, however, by comparing the intensity of the 
water use in Georgia against similarly situated regions in Florida on a daily per capita 
basis.  

30. Using a standard method to calculate per capita use adopted by the State of Florida, per 
capita water use in the Metro Water District was compared to two reasonably similar 
water management districts in northern Florida: (a) the Northwest Florida Water 
Management District, which covers Tallahassee and includes Florida’s portion of the ACF 
Basin; and (b) the St. Johns River Water Management District, which borders Georgia and 
includes the City of Jacksonville, Florida, the largest metropolitan area in North Florida. 19  

31. This analysis shows that per capita water use in the Metro Water District has been 
consistently lower than both of the water management districts in Florida. Furthermore, 
per capita water use in the Metro Water District has declined at a faster rate than in 
either of the Florida water management districts. 

32. As shown in Figure 3, per capita water use in the Metro Water District was lower than 
either Florida water management district in every year from 2000 – 2013 for which 

                                                       
18Apr. 29, 2016 Memorandum from K. Zitsch to J. Turner re: Chattahoochee-Flint River Basin Population Served at 
Attachment A, p. 2. 
19 Further details regarding the methods applied in this analysis are attached as Appendix A. It is important to note 
that there are multiple valid methods for calculating per capita water use. Because I have applied the method 
adopted by the State of Florida to ensure a valid comparison between the water management districts, the 
calculated per capita water use for the Metro Water District in this report may differ from values included in other 
reports. 
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comparable data are available.20 Over this 14-year period, Metro Water District average 
per capita use was 126 gpcd, while the average in the Northwest Florida Water 
Management District (which includes Florida’s portion of the ACF Basin) was 144 gpcd, 
and the average in the St. Johns River Basin was 149 gpcd. In 2013, the final year of the 
analysis, gross per capita water use in the Metro Water District was 98 gpcd.21 By 
comparison, per capita use in 2013 the Northwest Florida Water Management District 
was 132 gpcd and 126 gpcd in the St. Johns River Water Management District, 
approximately 30-percent higher than in the Metro Water District in Georgia. 

33. Furthermore, as can also be seen in Figure 3, per capita use across all three districts was 
reasonably similar at the outset of the period, differing by approximately 9 and 13 gpcd, 
respectively. Over the period of comparison, however, per capita water use in the Metro 
Water District declined at a steeper rate than per capita water use in either the Northwest 
Florida Water Management District or the St. Johns River Water Management District. 
Thus, at the end of the period, the difference in per capita water use in the Metro Water 
District and the St. Johns River Water Management District had more than doubled to 28 
gpcd. The difference between the Metro Water District and the Northwest Florida Water 
Management District had grown by an even larger amount, increasing from 9 gpcd to 34 
gpcd. 

 

                                                       
20 In contrast to the St. Johns River Water Management District, the Northwest Florida Water Management District 
failed to report per capita use information in many years between 2000 and 2010. The dashed line in Figure 3 
represents years in which the Northwest Florida Water Management District failed to make data publicly available. 
21 As discussed below, Dr. Dracup acknowledged in his deposition that “something below a hundred gallons per 
capita per day” would be indicative that “water conservation measures are being appropriately implemented.” 
(Dracup Dep. at 132:12-18.) 
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Figure 3: Per Capita Water Use - Metro Water District (GA}, and Northwest Florida and 
St. Johns River Water Management Districts (Fl} 

34. In comparison with these Florida water management districts, the Metro Water District's 

use of municipal and industria l water in the ACF Basin is reasonable and efficient. 

2.3. Georgia's total consumptive use of water from the ACF Basin for municipal and 
industrial purposes has not increased over the past 20 years. 

35. Florida's complaint in this case alleges that "[l]arge, and ever-increasing, amounts of 

water" are "consumed upstream for municipal [and] industrial" purposes in Georgia. 22 

However, an analysis of Georgia's municipal and industrial water use over the past two 

decades shows that this is incorrect. In fact, Georgia's overall municipal and industrial 

water consumption has remained essentially stable since 1994, despite the substantial 

growth in population Georgia has experienced. 23 

22 Florida Complaint at p. 3. 

23 Florida's complaint makes reference to 1992 levels of consumptive use. In preparing my report, I carefully 
reviewed Georgia's consumptive use database and have concluded that the data prior to 1994 are incomplete and 
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permitting only the sale of high-efficiency toilets and fixtures,29 thus ensuring all new 
construction — and eventually all buildings in Georgia — will be equipped with high 
performing, high-efficiency fixtures. 

54. My opinion is consistent with other recent, independent assessments of Georgia’s water 
conservation and planning efforts as compared to other states, including the State of 
Florida. For example, Georgia ranked very high — and substantially above Florida — in a 
2012 report on water efficiency by the Alliance for Water Efficiency and the 
Environmental Law Institute.30 This report was prepared to “identify and assess state-level 
laws and policies related to water efficiency and conservation” in an effort to “bring 
attention to exemplary policies that may be used as models for other states to 
emulate.”31 Of the 50 states evaluated, Georgia tied for fourth in the nation, behind only 
the arid states of Texas, California, and Arizona. The State of Florida, in contrast, received 
a “C grade” and tied for nineteenth in the country. 32  

55. Similarly, a recent report by the US Environmental Protection Agency and the Water 
Research Foundation entitled, “Water Audits in the United States: A Review of Water 
Losses and Data Validity,”33 confirmed that Georgia is a national leader in the area of 
universal water loss auditing of public water systems. Indeed, that report found that 
Georgia was one of only 5 entities in the nation that required water loss audits in 
accordance with the American Water Works Association/International Water Association 
Water Loss Audit standards.34 Furthermore, Georgia was the only state to require that its 
water audits be validated by a third party, and, due in part to its training programs, it had 
the highest data quality of any of the entities.35 In contrast, Florida does not require water 
audits in accordance with American Water Works Association’s best practices, and it is not 
mentioned in the Water Research Foundation report. 

56. Information on Georgia’s significant water conservation and water planning actions is 
summarized below to convey the scope and effectiveness of Georgia’s efforts and to 
respond to suggestions in the Florida Reports that Georgia’s efforts are lacking. Additional 

                                                       
29 2010 Water Stewardship Act, S.B. 370. 
30 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies, available at 
http://www.allianceforwaterefficiency.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=8306  
31 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies at p. 4. 
32 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies at p. 16. 
33 Sturm, R., K. Gasner, and L. Andrews, 2015, Water Audits in the United States: A Review of Water Losses and 
Data Validity, Water Research Foundation and the US Environmental Protection Agency, Report #4372b, ISBN 978-
1-60573-224-4, available at http://waterrf.org/PublicReportLibrary/4372b.pdf
34 Water Audits in the United States: A Review of Water Losses and Data Validity, at p. xix, 35. For example, audits 
in the State of California were excluded based on data quality considerations at more than twice the rate of audits 
in Georgia. 
35 Water Audits in the United States: A Review of Water Losses and Data Validity, at p. 35. 
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3.5.1. Indirect Potable Reuse Projects. 

149. Dr. Dracup opines that Georgia should consider utilizing “indirect potable reuse” as a 
means to expand municipal and industrial water supplies in metropolitan Atlanta. This 
opinion is puzzling for at least two reasons. 

150. First, any method of water reuse (e.g. indirect, direct potable, or non-potable) would not 
increase downstream flows to Florida. Indirect potable reuse is a technique whereby 
highly treated wastewater is returned to a water supply source so that it can be 
withdrawn and used again in the future. As applied in metropolitan Atlanta, this means 
taking highly treated wastewater that would have been returned to the Chattahoochee 
River and that would have otherwise flowed downstream to Florida, and directing those 
returns upstream of Atlanta for reuse.  

151. While indirect potable reuse can be an important strategy to address local water supply 
needs, it does nothing to increase the amount of water that Florida would receive. This is 
because it does not change the ultimate water supply needs of the metropolitan Atlanta 
area – it merely diverts water that is returned and flows downstream today, and uses that 
water to meet water supply needs in the region. Although reservoir storage may increase 
with the return flows, the same levels of withdrawals are still occurring. As a result, 
reservoir releases must instead be made to “replace” the return flows that would 
otherwise flow downstream. 

152. Second, Dr. Dracup is apparently unaware that indirect potable reuse has been an 
important aspect of the Metro Water District’s water supply and water conservation 
planning since the first plan was issued in 2003. It is therefore not surprising that indirect 
potable reuse is already practiced in metropolitan Atlanta on a very large scale. For 
example, Gwinnett County is widely recognized as a national leader in water reuse. It has 
spent more than $1 billion to construct and operate the F. Wayne Hill Water Resources 
Center, which is a state-of-the-art water reclamation facility that returns highly treated 
wastewater to Lake Lanier for indirect potable reuse.124 The facility is currently permitted 
by the State of Georgia to return 40 MGD to Lake Lanier, and this amount is projected to 
increase to 60 MGD by 2050.125  

153. There are many other indirect potable reuse examples across the Metro Water District. 
The City of Gainesville returns treated wastewater to Lake Lanier, which is the primary 

                                                       
124 Nov. 12, 2009 Summary of Water Conservation, Mgmt., and Efficiency Projects (GWNT-DWR0012553) at 5. 
Gwinnett County also incurs substantial also costs to operate this facility because it requires Gwinnett County to 
pump treated wastewater uphill so that it can be discharged to Lake Lanier for reuse. 
125 Comments on Draft Environmental Impact Statement: Update of the Water Control Manual for the 
Apalachicola-Chattahoochee-Flint River Basin in Alabama, Florida, and Georgia and a Water Supply Storage 
Assessment dated Jan. 30, 2016, available at www.atlantaregional.com/File%20Library/Environment/Tri-
State%20Water%20Wars/Water-Supply-Providers-Comments---Final.pdf  
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177. In his deposition, Dr. Dracup conceded that he did not do any work to analyze the 
environmental impacts, evaporative losses, construction time, and impact on flows at the 
Georgia/Florida border of any of the reservoir projects discussed in his report. At the 
same time, it has been estimated these small reservoir projects (Glades Farm, Dog River, 
South Fulton Bear Creek) could cost Georgia from $2.63 billion to $4.74 billion in 2010 
dollars over the lifetime of the projects.151  

178. In conclusion, none of these projects would materially reduce impacts to Florida, and their 
construction would do little if anything to address the harms Florida has asserted. The 
criticisms in the Florida Reports regarding Georgia’s failure to construct these projects are 
accordingly misplaced.  

3.5.5. Water Conservation. 

179. Dr. Dracup states, “A robust conservation program is a reasonable conservation measure 
that should be implemented by the Metro North Georgia Water Planning District.”152 As I 
describe, however, the Metro Water District and the State of Georgia have already 
adopted a comprehensive suite of water conservation and efficiency measures, which 
they continue to refine and improve.  

180. As noted above, the Metro Water District released its first Water Supply and Conservation 
plan in 2003, requiring Metro Water District utilities to implement a conservation 
program that included an array of water efficiency and conservation measures. These 
measures were supplemented with the release of the first update to the Water Supply 
and Conservation Plan (2009) as well as with subsequent conservation measure 
amendments in December 2010. 

181. The suite of water efficiency and conservation measures includes 14 specific requirements 
that must be implemented by all utilities within the Metro Water District:153 

Conservation Pricing 
Replacing Older, Inefficient Plumbing Fixtures 
Pre-rinse spray valve retrofit education program 
Rain Sensor Shut-Off Switches on New Irrigation Systems 
Requiring Sub-Meters in New Multi-Family Buildings 
Assessing and reducing water system leakage 
Conducting Residential Water Audits 
Low-flow retrofit kits for residential users 
Conducting Commercial Water Audits 

                                                       
151 2009 Task Force Report, Appendix III. 
152 Dracup Report, p. 8. 
153 May 2009 Water Supply and Water Conservation Management Plan at ES-6, 5-1 to 5-21. 
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Implementing Education and Public Awareness Plan 
Installing High Efficiency Toilets and High Efficiency Urinals in Government Buildings 
Requiring New Car Washes to Recycle Water 
Implementing a Water Waste Policy to reduce outdoor water waste 
High efficiency plumbing fixtures consistent with state legislation 

 
182. It also includes five additional measures that must be implement by utilities within the 

Metro Water District that withdraw water from the Chattahoochee River or Lake Lanier 
within the ACF system:154 

Expediting existing programs to identify and reduce both real and apparent water 
losses  
Multi-Family High-Efficiency Toilet Rebates  
Installing Meters with Point of Use Leak Detection  
Requiring private fire lines to be metered  
Maintaining a Water Conservation Program  

 
183. The Metro Water District’s 2009 planning effort was followed by passage of the 2010 

Georgia Water Stewardship Act. As discussed in Section 2.1.4.3, this groundbreaking 
legislation imposed a suite of water conservation and efficiency measures, including 
mandatory outdoor landscape irrigation restrictions, low-flow fixture requirements, and 
mandatory water loss audits by water providers. This is one of the most progressive 
examples of statewide water conservation legislation anywhere in the United States. As I 
also discuss in Sections 2.4 and 3.6, Georgia has required water rate reform to increase 
the use of conservation pricing, and committed significant financial resources to water 
supply, water conservation, and water loss reduction efforts. 

184. Dr. Dracup fails to analyze or evaluate any of these efforts. Dr. Dracup fails to mention 
that the Metro Water District maintains one of the strongest suites of mandatory water 
conservation measures of any region in the nation. He provides no specifics regarding 
additional water conservation measures that he believes the Metro Water District or the 
State of Georgia should adopt. And he does not analyze either the water savings that 
could be achieved through these additional unnamed conservation measures or the cost 
of their implementation. 

185. In his deposition, however, Dr. Dracup conceded that metropolitan Atlanta has a 
comprehensive and effectively implemented water conservation and efficiency program. 
Dr. Dracup identified per capita water use as an appropriate metric of the effectiveness of 
conservation and efficiency measures. When asked what level of per capita water use 

                                                       
154 Amendments to the Water Supply and Water Conservation Management Plan. This includes all of the water 
systems in Cobb, DeKalb, Forsyth, Gwinnett, and Hall Counties and those systems in Fulton County except for the 
cities of Palmetto, College Park, and East Point.  
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3.6. Expanded Use of Conservation Pricing. 

190. Dr. Sunding underestimates the prevalence of conservation pricing and tiered block rates, 
and incorrectly suggests that utilities in the Georgia ACF Basin should achieve additional 
water savings through increased use of these measures. In fact, 100% of customers within 
the Metro Water District and over 90% of customers in the entire ACF Basin are served by 
utilities with increasing block rate structures. Therefore, Dr. Sunding has also overstated 
the feasibility of significant additional savings through the implementation of 
conservation pricing. 

191. Relying on survey data from the University of North Carolina, Dr. Sunding estimates that 
only 44% (2011) and 50% (2013) of water utilities in the ACF used an increasing block 
rate.159 He further estimates that, within the Metro Water District, only 83% (2011) and 
86% (2013) used an increasing block rate structure, while the remaining providers in each 
of the years used a uniform rate.  

192. I have reviewed the survey data Dr. Sunding considered. Contrary to Dr. Sunding’s 
conclusions, however, the data show that 100% of the systems in the Metro Water 
District in the ACF Basin used an increasing block rate structure in 2011 and 2013. I do not 
understand how Dr. Sunding came to his conclusion based on the data available, but his 
opinions regarding the number of systems in the ACF that use conservation pricing are 
incorrect.  

193. More importantly, it appears that Dr. Sunding uses an improper metric for evaluating the 
prevalence of conservation pricing in the Georgia ACF Basin. Dr. Sunding considers only 
the raw number of systems that utilize conservation pricing, without regard to their size 
or how many people they serve. This creates an incorrect impression that conservation 
pricing is underused in Georgia, and that there are significant opportunities to expand the 
practice to achieve substantial water savings. Neither is correct.  

194. Table 3 relies on the same data used by Dr. Sunding, but provides a much more accurate 
picture concerning the use of conservation pricing in the Georgia ACF Basin. As can be 
seen, 100% of the residential customers in the Metro Water District are served by water 
providers that utilize conservation pricing. Likewise, more than 90% of the residential 
customers in the whole of the Georgia ACF Basin are served by water providers that utilize 
conservation pricing. Further, under the 2015 Drought Management Rule, those public 
water systems in Georgia with retail customers that do not already impose conservation 
pricing must develop a drought surcharge program by August 4, 2016 as a temporary price 
incentive for customers to reduce water demand during a declared drought.160 

                                                       
159 Sunding Report, p. 67.  
160 Ga. Comp. R & regs. 391-3-30-.07(4)(d). 
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of potential impacts vary greatly depending on location, 
condition of the receiving aquifer and 
water quality considerations. 

• ASR is probably best suited to provide 
water supply storage; its capability to 
provide for in-stream flow augmentation 
has not been directly evaluated. 

• The Council recognizes the need for 
further evaluation of specific proposals 
for ASR in the region on a case-by-case 
basis.  

• The Council recommends that any ASR 
proposal be thoroughly evaluated for its 
environmental and other impacts. 

Basin 

 

The work of the RWPCs did not end upon adoption of the 2011 Plans.  Funding provided 
by the State of Georgia allowed Georgia EPD to continue to support the Councils to 
develop reports on Plan implementation and prioritize items for discussion as part of 
the 5-year Review and Revision process now underway.  Georgia EPD is now leading the 
effort to compile updated information on water use, including a revised assessment of 
current and forecast agricultural water demand, update the resource assessments based 
on surface and groundwater modeling and provide technical assistance to the RWPCs to 
revise their Plans as needed.  This effort is scheduled to be complete in 2017.  

D.Investments in Data and Information 

Prior sections of this report have briefly mentioned occasions where the State 
acknowledged a need for additional data and information and responded with an 
appropriate commitment of funding and coordinated effort.  The following section offers 
additional detail on two important data collection projects that have improved the 
State’s ability to measure, and manage, its water resources. 

1. Agricultural Metering 

In 2003, the Georgia General Assembly passed legislation to establish the Agricultural 
Water Use Measurement Program (Agricultural Metering Program), an effort designed 
to measure use of permitted agricultural water withdrawals statewide. While metering 
of agricultural withdrawals exists in other states, I am not aware of any state making a 
commitment to capturing agricultural water use comparable to that of Georgia. Since 
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2004, the State has invested more than $22 million in deploying, maintaining and 
managing data collection on over 12,000 meters statewide.30  Initial flowmeter 
installations during 2004–2007 were concentrated on agricultural irrigation in 
southwest Georgia. By the end of 2009, the Commission monitored agricultural 
withdrawals from a network of 6,985 meters.  

Table 3. Water Meter Installations in the Middle and Lower Chattahoochee and 
Flint River Basins in Georgia (Source: USGS) 

Source 
Meter Type 

Annually 
Reported Telemetry

Middle and Lower Chattahoochee and Flint River Basins 
Groundwater 3,609 46 
Surfacewater 748 35 
Subtotal 4,357 81 

Coastal Region 
Groundwater 679 20 
Surfacewater 378 16 
Subtotal 1,507 36 

Central south Georgia 
Groundwater 912 15 
Surfacewater 659 16 
Subtotal 1,571 31 
Grand total 6,985 148 

Administered by the Georgia Soil and Water Conservation Commission (GSWCC), the 
Metering Program captures annual data on permitted withdrawals throughout the State. 
Meters are read each year between October 1 and December 31 which, when compared 
to the previous year’s reading, provides a use generally corresponding to the growing 
season for most crops.  At the time of reading, GSWCC personnel or their contracted 
support staff also record the crop grown during the previous year and perform a visual 
inspection of the meter. All meters receive a comprehensive inspection on a three-year 
rotating basis.  Further, approximately 1% of meters are read on a monthly basis as a 
sample to provide additional information on timing and use patterns during the growing 
season. 

2. Irrigated Acreage

Along with capturing data on agricultural withdrawals through the Metering Program, 
the State has invested heavily in compiling a database of irrigated acreage. These 
ongoing efforts, funded primarily through Georgia EPD and GSWCC, are completed 
under contract to the Georgia Water Planning and Policy Center (GWPPC) at Albany 

30  Interview with David Eigenberg, GSWCC, Dawson, GA (September 22, 2015). 
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the 2006 Flint Plan expanded the acreage that could participate under the 
FRDPA to include groundwater within certain regions based on proximity to 
streams. 

• Targeting of watersheds – Refinements to the FRDPA now allow Georgia 
EPD to target certain HUC 8 watersheds with FRDPA implementation rather 
than the entire Flint River Basin. 

• Demonstration of use (meters) – In order to be eligible for the auction, a 
permittee must demonstrate that the land in question is actively irrigated and 
metered. 

• Flexibility of auction – Clarification of the original FRDPA language provided 
GAEPD additional flexibility regarding auction implementation following a 
severe drought declaration.  

• Protection of augmented flows – Language was included to protect flows 
that may be augmented by the State of Georgia (e.g. prohibits pumping water for 
irrigation use that comes from a state-sponsored stream augmentation project).  

• Conservation mandates – Building on the framework established in the 
2006 Flint Plan,  a set of conservation efficiency mandates for all permitted 
withdrawals in the Flint Basin was adopted including: 

o A minimum 80% efficiency for center pivots (60% for mobile and solid set 
sprinklers) was required for permits issued after January 1, 2006 as of 
January 1, 2016; 

o For agricultural permits issued between 1991 and 2005, the efficiency 
requirements must be met by January 1, 2018; 

o For agricultural permits issued prior to 1991, the efficiency requirements 
must be met by January 1, 2020. 

F. Conclusion

Based on my analysis of Georgia’s policy and regulatory initiatives, I conclude that the 
State has been responsible, proactive, and progressive in its management of agricultural 
water resources and responsive to water resource challenges in the ACF Basin, especially 
the Lower Flint River Basin. These programs, policies, and initiatives by the State 
demonstrate good and responsible stewardship of agricultural water resources, and 
indicate that the State has taken a proactive and approach to agricultural water resource 
challenges.  
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II. SOIL AND WATER CONSERVATION PROGRAMS 
AND EFFORTS 

There is substantial evidence of Georgia’s investment in irrigation conservation 
technology, education, and outreach programs to help farmers and agricultural 
producers conserve water resources. Most of these outreach, education and training 
efforts have been planned, organized, and conducted by state agencies. Georgia EPD, in 
partnership and collaboration with the Georgia Soil and Water Conservation 
Commission (GSWCC), the Georgia Soil and Water Conservation Districts (GSWCDs), 
and other entities, has been a vital part of all these activities. The state has also invested 
greatly in various units of the university system of Georgia that have helped develop and 
implement new technologies for conserving agricultural water resources in the ACF 
Basin.  These include the University of Georgia’s Stripling Irrigation Research Park in 
Camilla, Georgia, and the Georgia Water Planning and Policy Center (GWPPC) at 
Albany State University. 

A. Georgia Mobile Irrigation Laboratory 

One of GSWCC’s programs is the Mobile Irrigation Laboratory (MIL).  The MIL is a 
service that GSWCC provides to farmers at no cost. The MIL increases irrigation 
efficiency by improving the uniformity of a farmer’s irrigation system.  Irrigation 
uniformity refers to the uniform distribution of water from a center pivot onto a field.  
For any given irrigation system to have a high irrigation efficiency, it must first have a 
high uniformity coefficient.   

Upon request from an irrigator, a MIL technician visits the grower’s field to collect data 
on the application uniformity of the farmer’s irrigation system, including data about 
system pressure, flow rate, and sprinkler application rate.  Once this data is collected 
and charted, the farmers have knowledge of the flow, application rate, and a scoring of 
the uniformity of their system.  In conducting their analyses, the MIL technicians 
provide services and recommendations to improve the uniformity of the farmers’ 
irrigation system (i.e., end-gun shut-offs and sprinkler uniformity), which can result in 
reducing water waste and increasing the efficiency of the system.  

Over 450 center pivot systems have been serviced and/or retrofitted by the MIL, 
including many center pivot irrigation systems in the Lower Flint River Basin, to 
address and improve uniformity.  Figure 23 shows the location of complete MIL projects 
in the State of Georgia, including a large number of projects in the LFRB. 
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Figure 23. Map of the locations of completed Georgia Mobile Irrigation Lab 
projects.

In addition to improving the uniformity of nozels, the MIL tests and retrofits (when 
possible) end-gun shut-off devices on center pivot irrigation systems. Many center 
pivots have an end gun installed on the last tower of the pivot in order to increase the 
irrigated area within a field.  An end gun shut-off device can considerably reduce the 
water requirements for a given field by turning off the end gun in locations within a 
production field where irrigation water does not need to be applied.  

Before and after each retrofit of a center-pivot system, MIL personnel conduct 
uniformity and operational tests to quantify the improvements in uniformity and 
efficiency due to the retrofit performed by the MIL.   

The uniformity values of individual center pivot irrigation systems before the 
improvements made by the MIL technical staff are presented in Figure 24a. These data 
were obtained from GSWCC in Dawson, Georgia (data were collected in 2012, 2013, and 
2014).  Before the MIL staff made improvements to the systems, the uniformity of 
center pivots ranged from as low as 23% to 89% with an overall average (of all center 
pivots tested) of 73.5%.  After the retrofit/improvements, the uniformity of the center 
pivots improved substantially, ranging from 81% to 88% with an overall average of 85%.  
The improved uniformity values of the same center pivots are presented in Figure 24b. 

The average improvement in the pivot uniformity is about 23%.  The percent 
improvements made in the uniformity of individual center pivot irrigation systems after 
the retrofit by the MIL technical staff are presented in Figure 24c. The improvement in 
the uniformity of individual center pivots after retrofit ranged from zero percent to as 
high as 74.4%. 

Georgia Soil & Water Mobile Irrigation 191 Wlb Program 
Conservation Commission • ..._,.,_, 
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various counties in the Lower Flint River Basin in Georgia (Source: USDA NRCS 
EQIP32).

As shown in Figure 27, 106,519 acres of irrigated land area have been converted to low 
pressure center pivot systems through USDA-NRCS contracts.  The irrigated land area 
ranged from 2,901 acres in Dougherty County to 20,640 acres in Baker County. 

Figure 27. Total irrigated land areas represented by the retrofitted center pivot 
irrigation systems from 2005 to 2014 in various counties in the Lower Flint River 

Basin in Georgia (Source: USDA NRCS EQIP). 

As mentioned earlier, the data in Figure 26 and Figure 27 only represents the number of 
center pivots that have been retrofitted with financial assistance from USDA-NRCS.  It 
does not reflect farmers in the area that have retrofitted systems without any financial 
assistance, and therefore understates the number of pivots and total irrigated land area 
that have been converted to low pressure drop nozzles from 2005-2014.  

2. GWPPC Data Demonstrate that the Majority of Center Pivots in 
the Lower Flint Basin Use Low Pressure Systems.

Data collected by the GWPPC demonstrates that Georgia’s efforts to covert farmers to 
low pressures systems have been very successful.  From 2013 through 2015, GWPPC 
conducted detailed field mapping in large portions of the Lower Flint River Basin, 
including field mapping covering 100% of the Capacity and Restricted HUC 12 
watersheds.  As shown in Table 4 below, this data demonstrates that approximately 90% 
of the center pivots in Capacity and Restricted Use watersheds employ low pressure 

32  Flint River Soil and Water Conservation District, USDA Natural Resources Conservation Service 
Environmental Quality Incentives Program (EQIP), 2005-2014. 
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sprinklers or low pressure drop nozzle technology.  Table 4 also shows that low pressure 
systems irrigate approximately 93% of the acreage in those areas.  To illustrate the 
efficiency improvements resulting from conversion to low pressure sprinklers, Table 4 
includes my best estimate of the range of potential irrigation system application 
efficiency values for each type of center pivot system. 

Table 4. Center Pivot Efficiency Data Collected Through Detailed Acreage 
Assessments (Source: GWPPC Field Mapping) 

Type of Center Pivot Percentage of 
Irrigation Systems 

Percentage of 
Acreage

Efficiency 
Estimate33

Low Pressure/Sprinkers 30.6% 27.9% 75-85% 

Lower Pressure/Drop 
Nozzles 58.9% 64.9% 80-85% 

Total Low Pressure  89.5% 92.8% - 

High Pressure Impact 
Sprinklers 10.5% 7.2% 70-75% 

 
Dr. Bottcher suggests that “irrigation efficiency can increase from 70% to 80% by 
upgrading to low pressure drop sprinkler systems at a cost of $115 to $150 per acre with 
a water savings of 45,000 gallons per year” and that “irrigation efficiency can increase 
from 80% to 90% by upgrading to even lower pressure drop nozzle in-canopy type 
systems for the additional cost of $17 to $70 per acre with an additional water savings of 
about 45,000 gallons per year.” 

Dr. Bottcher, however, does not cite to or rely on the above data regarding high-
efficiency retrofits, and thus fails to account for the fact that a substantial percentage of 
irrigated acreage in the ACF Basin is already irrigated by the very irrigation systems he 
proposes.  Again, in Capacity and Restricted Use Areas, nearly 90% of the center pivots 
employ low pressure sprinklers or low pressure drop nozzle technology, covering 
approximately 93% of the irrigated acreage in those areas. 

Moreover, contrary to Dr. Bottcher’s assumptions, some farmers cannot use low 
pressure or drip systems on their farms due to topographical conditions, water source 
issues, or other factors.  Additionally, to the extent that there are any potential savings 
available from efficiency improving upgrades, farmers in Georgia are naturally 
incentivized to make those upgrades.  Reducing waste in agricultural operations reduces 
costs and provides financial benefits for farmers.  Finally, Georgia law already requires 
that all center pivots be 80% efficient as of January 1, 2016 for permits issued after 
2005, as of January 1, 2018 for permits issued after 1991, and as of January 1, 2020 for 

33  These efficiency values represent a potential range of values; actual values are impacted by 
various factors, including how the irrigation system is managed by the irrigators, field characteristics, and 
weather conditions. 
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agents to establish a local work group to oversee these efforts and facilitate greater 
community involvement (Risse et al., 2009). 

County-level staff has submitted over 3,300 reports of program activity related to the 
water conservation programs into the State reporting system.  These activities resulted 
in more than 261,600 face to face contacts (Risse et al., 2009) with clientele by more 
than 340 distinct personnel in 151 counties.  Approximately, 1,740 hours of training 
activities were included with approximately 65% of this training targeted to adult 
populations and 35% targeted to youth. These activities also resulted in 26,000 hours of 
volunteer time being contributed (Risse et al., 2009). 

These activities cover a wide range of delivery products and audiences such as 
presentations to community groups and local officials, rain water harvesting workshops 
for homeowners and landscapers, neighborhood rain barrel construction by local 4-H 
clubs, or working with specific sectors such as agriculture and industry to develop site 
specific conservation plans (Risse et al., 2009).  .  

2. UGA Stripling Irrigation Park 

The University of Georgia’s Stripling Irrigation Research Park (“UGA Stripling”) is a 
state-of-the-art irrigation research and education center located in the Lower Flint River 
Basin.  The past and current research projects at UGA Stripling focus on soil and water 
conservation as well as water management using a variety of smart systems for 
irrigation. 

Using UGA Stripling’s land, equipment and other resources, scientists from UGA and 
other universities and state and federal agencies collaborate on research and education 
programs on a wide range of topics to address real-world issues related to irrigation 
management and soil and water conservation; crop water requirements; improving 
food, fiber and feed production under irrigated conditions.. One of the primary 
objectives of UGA Stripling is to research, develop and implement best management 
practices for agricultural irrigation. UGA Stripling’s research and education/outreach 
programs include cotton, corn, peanut, wheat, watermelon, tomato, pepper, sweet corn, 
grain sorghum and soybean. 

UGA Stripling is equipped with the following resources and facilities to research and 
develop practical solutions that can be implemented by area irrigators to enhance 
irrigation efficiency: 

• 130 acres of land representing the major soil types (loamy sand and fine sand) 
found in the Flint River Basin,

• Three 8-inch diameter Floridan Aquifer wells with submersible pump, 

• Four 2-span (tower) and one 4-span center pivot irrigation systems, 

• Two 3-span center pivot, 
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VII. CONCLUSIONS REGARDING CROP WATER USE 
EFFICIENCY AND CROP WATER PRODUCTIVITY  

Crop yields, which impact crop water productivity, have increased substantially in the 
last century for all major commodity crops in Georgia (Figure 43).  For cotton, since 
1928, the lint yield has increased at a rate of 10.4 lbs/acre per year with a total of 905 lbs 
per acre since 1928.  For peanuts, since 1934, the yield has increased at a rate of 51 
lbs/acre per year with a total of 4,131 pounds per acre since 1934.  For corn, since 1954, 
the grain yield has increased at a rate of 3 bushels/acre every year with a total of about 
182 bushels an acre from 1954 to 2014. 

Crop ET and crop yield analyses have been conducted to evaluate the crop water use 
efficiency (CWUE) of the irrigation and crop water use practices in the Flint River Basin. 
CWUE is a powerful indication of how efficient crop production and irrigation systems 
are in terms of producing crop yield per unit of water used. While CWUE is a simple 
ratio of crop yield produced to crop ET during a crop growing season, accurate 
quantification of crop ET is a very difficult task. The NASS-reported grain yield data for 
Mitchell County are used as an example to quantify temporal CWUE of cotton, peanuts, 
and corn from 1990 to 2013, and are presented in Figure 44a, Figure 44b, and Figure 
44c for cotton, peanuts, and corn, respectively. 

These data show that there has been a clear and strong increase in CWUE for all three 
crops in the last 24 years with a strong slope.  The CWUE had a slope of 0.857, 3.503, 
and 0.130 for cotton, peanuts and corn, respectively.  The Mitchell County cotton 
growers have increased their cotton water use efficiency by 0.86 lbs/inch per year since 
1990, and they increased water production efficiency by a total of 20.6 lbs/inch (Figure 
44).  In other words, they produced 17 lbs more cotton lint yield per inch of water they 
used in 2013 than they did in 1990.  This is a significant increase in cotton water use 
efficiency and productivity. 

Peanut water use efficiency has increased by 3.5 pounds per acre-inch per year, on 
average, since 1990 with an 84 pounds per acre-inch total improvement from 1990 to 
2013 (Figure 44b). Thus, the LFRB producers were growing 135 pounds more peanuts 
(beyond the intercept) in 2013 per inch of water than they did 24 years ago in 1990.  
Similarly, corn water use efficiency (Figure 44c) has also increased substantially 
between 1990 and 2013 with a 0.13 bushel per acre-inch rate of increase per year.  By 
2013, Mitchell County corn growers were producing about 9 bushels of corn yield for 
every acre-inch of water they used (beyond the intercept) as compared to the 4.6 bushels 
of corn they were producing for every acre-inch of water they used in 1990.  These are 
likewise significant improvements in crop water use efficiency values.  Even one bushel 
per acre inch of improvement can substantially improve agricultural productivity while 
reducing water use.  

Based in part on the extensive data available as a result of Georgia’s investment in the 
Agricultural Metering Program, I can conclude that the overwhelming majority of the 
irrigators in the FRB, especially in the LFRB, practice efficient, responsible and 
reasonable irrigation management practices. Because these farmers apply less water to 
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ii. Results 

35. Peanuts are extremely sensitive to the precipitation received during the growing 
season (Figure 3) as well as the water holding capacity of the soil. For rainfed (no supplemental 
irrigation), yield for the Tifton Loamy Sand ranged from around 819 to 5,407 kg/ha; for the 
Orangeburg Sandy Loam, yield ranged from 888 to 6,231 kg/ha; for the Norfolk Loamy Sand, 
yield ranged 825 to 6,033 kg/ha; for the Greenville Sandy Clay Loam, yield ranged from 955 to 
6,549 kg/ha; for the Faceville Loamy Sand, yield ranged from 455 to 4,102 kg/ha; for the 
Wagram Sand, yield ranged from 575 to 3,418 kg/ha; for the Lucy Sand, yield ranged from 638 
to 4,889 kg/ha; and for the Troup Sand, yield ranged from 664 to 4,604 kg/ha (Figure 4). This 
yield variability under rainfed conditions illustrates that supplemental irrigation often increases 
yields. In some years, supplemental irrigation is not required to achieve high yields. But, there 
are other years when rainfall is insufficient to meet the demand of the peanut crop and thus 
causes a decrease in yield due to drought stress.  

36. For fully irrigated crops, there is no difference in yield among soils, while for the 
rainfed yield the differences are significant (Figure 5). Depending on the soil type, some of the 
higher input scenarios do not show much difference in yield. For instance, for the first soil 
(Tifton Loamy Sand) the yield is very similar for the last four irrigation treatments. Similar 
responses can be found for the other soils, although the sandier soils (last three soils) still show 
a yield response at the higher irrigation threshold levels (Figure 4). 

37. These yield responses also correspond to the supplemental irrigation amounts 
that are required to reach these high yield levels (Figure 6). Especially the Wagram Sandy soil 
shows extremely high water requirements under non-stress conditions. For all soils, the water 
requirements increase with the higher threshold value. However, it is important to understand 
that supplemental water requirements vary across years. The higher the threshold variable and 
potential yield goal, the larger the range between the minimum and maximum amount of water 
required for irrigation. In Figure 7, an example is shown for the Tifton Loamy Sand (top) and a 
Troup Sand (bottom), showing the differences among soils. 

38. As expected, peanut pod yield is extremely responsive to supplemental 
irrigation. Summarized across years and scenarios the response is linear up to an amount of 300 
mm (Figure 8). When all years and scenarios are considered the response is more scattered, but 
the variability is less with the increase in the amount of supplementary irrigation applied 
(Figure 9). The results are shown for the Tifton Loamy Sand only, but the other soils show a very 
similar response. These outcomes are important and can be used for further studies, such as by 
Dr. Sunding for his analysis and report. I have reviewed his use of the DSSAT outputs, and find 
that his use of outputs for only the drier weather years is sound. 
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Figure 2 Seasonal total precipitation for the Tifton Loamy Sand (top) and all soils (bottom) 
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a. Cotton 

i. Input Parameters 

45. In my DSSAT model runs for cotton, I assumed that cotton was planted in early 
May at a plant density of 14 plants/m2 and a row spacing of 90 cm (Collins et al., 2015). The 
variety was “Deltapine 555 BG/RR,” a Deltapine variety that has been popular in the 
southeastern United States. The genetic coefficients for the variety Deltapine 555 BG/RR were 
obtained from the standard DSSAT model as found in the cotton cultivar file. For the analysis 
there were a total of 88 scenarios, referred to as “treatments” in the figures. To illustrate that I 
used the same weather data, the precipitation is summarized as a box plot (Figure 18) showing 
that rainfall ranged from 248 to 880 mm for an approximate growing season duration of 135 
days, similar to the peanut growing season discussed in the prior section. The minimum amount 
of rainfall for cotton was significantly higher than the minimum amount of rain found for corn, 
partially due to the one month later planting and the longer growing season duration. Due to 
the large number of treatments/scenarios, the x-axis label is not very clear. Precipitation in 
Georgia is highly variable as demonstrated by the cumulative probability distribution function 
shown in Figure 19. Each point in this graph represents a different year, with the smallest 
amount of rainfall shown on the bottom left, i.e., 248 mm, and the highest amount of rainfall 
shown on the top right, i.e., 880 mm.  

ii. Results 

46. Cotton is harvested as seed cotton that includes the actual cotton seed and lint. 
After harvest, the lint is normally separated from the seed during the ginning process. Both 
cotton lint and cotton seed are sold for a range of applications. In the analysis shown here I 
used seed cotton, i.e. the seed and the lint combined. For economic analysis, the lint itself has a 
higher market value and we assumed that 38% of seed cotton was lint, based on literature 
values. In Figure 20 (bottom) and following figures treatments 1-11 represent the Tifton Loamy 
Sand; treatments 12-22 represent the Orangeburg Sandy Loam; treatments 23-33 represent the 
Norfolk Loamy Sand; treatments 34-44 represent the Greenville Sandy Clay Loam; treatments 
45-55 represent the Faceville Loamy Sand; treatments 56-66 represent the Wagram Sand; 
treatments 67-77 represent the Lucy Sand; and treatments 78-88 represent the Troup Sand.  

47. Cotton is also highly sensitive to the total amount of precipitation received 
during the growing season (Figure 19) as well as the water holding capacity of the soil, although 
it is considered an indeterminate crop that continues to grow. For rainfed (no supplemental 
irrigation), yield for the Tifton Loamy Sand ranged from around 571 to 3,603 kg/ha; for the 
Orangeburg Sandy Loam, yield ranged from 616 to 3,920 kg/ha; for the Norfolk Loamy Sand, 
yield ranged 558 to 3,731 kg/ha; for the Greenvile Sandy Clay Loam, yield ranged from 656 to 
4,110 kg/ha; for the Faceville Loamy Sand, yield ranged from 129 to 3,222 kg/ha; for the 
Wagram Sand, yield ranged from 537 to 3,135 kg/ha; for the Lucy Sand, yield ranged from 499 
to 3,358 kg/ha; and for the Troup Sand, yield ranged from 410 to 3,367 kg/ha (Figure 20). This 
yield variability under rainfed conditions illustrates that supplemental irrigation often increases 
yields, as the model simulated at least one year with a near crop failure due to limited rainfall. 
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Although there are some years for which supplemental irrigation is not required to increase 
yields, there are many others years for which rainfall is insufficient to meet the demand of the 
cotton crop and thus causing a decrease in yield due to drought stress. In addition, under 
rainfed conditions, yield will not reach the yield potential of non-stressed conditions. 

48. For fully irrigated crops, there is no difference in yield among soils, while for the 
rainfed yield the differences are significant (Figure 21). Depending on the soil type, some of the 
higher input scenarios do not show much difference in yield. For instance, for the first soil 
(Tifton Loamy Sand) the yield is very similar for the last six irrigation treatments. Similar 
responses can be found for the other soils, although the sandier soils (last three soils) still show 
a yield response at the higher irrigation threshold levels. However, the response is somewhat 
less at the high irrigation levels compared to corn (Figure 20). 

49. These yield responses also correspond to the supplemental irrigation amounts 
that are required to reach these high yield levels (Figure 22). Especially the Wagram Sandy soil 
shows extremely high water requirements under non-stress conditions, similar to what was 
found for peanut and corn. For all soils the water requirements increase with the higher 
threshold value. However, it is important to understand that supplemental water requirements 
vary across years. The higher the threshold variable and potential yield goal, the larger the 
range between the minimum and maximum amount of water required for irrigation. In Figure 
23 an example is shown for the Tifton Loamy Sand (top) and the Troup Sand (bottom) to 
demonstrate this more explicitly. 

50. As expected, cotton yield is very responsive to supplemental irrigation. 
Summarized across years and scenarios, the response is linear up to an amount of 225 mm of 
irrigation (Figure 24). When all years and scenarios are considered the response is extremely 
scattered, and the variability does not seem to change with the increase in the amount of 
supplementary irrigation applied although the variability is slightly less at higher irrigation 
amounts (Figure 25). The results are shown for the Tifton Loamy Sand only, but the other soils 
show a very similar response. As stated previously for peanuts and corn, these results are 
critical for further economic analyses, including for Dr. Sunding’s report. 
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b. Soybeans 

i. Input Parameters 

51. In my DSSAT model runs for soybean, I assumed that soybean was planted on 
May 20 at a plant density of 29 plants/m2 and a row spacing of 76 cm (Whitaker et al., 2014). 
The variety was Generic Maturity Group 5, representing the Maturity Group 5 cultivars that 
have a similar response to photoperiod. The genetic coefficients for the variety “Generic 
Maturity Group 5” were obtained from the standard DSSAT model as found in the soybean 
cultivar file. For the analysis there were a total of 88 scenarios, referred to as “treatments” in 
the figures. To illustrate that I used the same weather data, the precipitation is summarized as a 
box plot (Figure 26) showing that rainfall ranged from 244 to 772 mm for an approximate 
growing season duration of 127 days. The minimum amount of rainfall was significantly higher 
than the minimum amount of rain found for corn and somewhat similar to cotton, partially due 
to the one month later planting and the longer growing season duration for soybean compared 
to corn. Due to the large number of treatments/scenarios, the x-axis label is not very clear. 
Precipitation in Georgia is highly variable as demonstrated by the cumulative probability 
distribution function shown in Figure 27. Each point in this graph represents a different year, 
with the smallest amount of rainfall shown on the bottom left, i.e., 244 mm, and the highest 
amount of rainfall shown on the top right, i.e., 772 mm.  

52. Soybean is harvested as grains or seeds that develop in a shell, referred to as a 
pod. During harvest, the seeds are automatically separated from the shell. In Figure 28 
(bottom) and following figures, treatments 1-11 represent the Tifton Loamy Sand; treatments 
12-22 represent the Orangeburg Sandy Loam; treatments 23-33 represent the Norfolk Loamy 
Sand; treatments 34-44 represent the Greenville Sandy Clay Loam; treatments 45-55 represent 
the Faceville Loamy Sand; treatments 56-66 represent the Wagram Sand; treatments 67-77 
represent the Lucy Sand; and treatments 78-88 represent the Troup Sand.  

ii. Results 

53. Soybean is highly sensitive to the total amount of precipitation received during 
the growing season (Figure 27) as well as the water holding capacity of the soil. Soybean is a 
determinate crop and very sensitive to photoperiod or the length of the daily light period 
(daylength). Under long days, flowering is normally delayed. The actual sensitivity is also 
affected by the maturity group of the variety that is being planted. For rainfed (no 
supplemental irrigation), yield for the Tifton Loamy Sand ranged from around 321 to 3,093 
kg/ha, for the Orangeburg Sandy Loam, yield ranged from 196 to 3,343 kg/ha; for the Norfolk 
Loamy Sand, yield ranged 181 to 3,225 kg/ha; for the Greenvile Sandy Clay Loam, yield ranged 
from 183 to 3,425 kg/ha; for the Faceville Loamy Sand, yield ranged from 111 to 2,520 kg/ha; 
for the Wagram Sand, yield ranged from 263 to 2,043 kg/ha; for the Lucy Sand, yield ranged 
from 267 to 2,690 kg/ha; and for the Troup Sand, yield ranged from 252 to 2,724 kg/ha (Figure 
20). The yield levels for soybean are significantly lower than yields for the other crops, partially 
due to soybean’s later planting in May. This yield variability under rainfed conditions illustrates 
that supplemental irrigation often increases yield, especially as the model simulated at least 
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one year with a near crop failure due to limited rainfall. Although there are some years for 
which supplemental irrigation is not required to increase yields, there are many other years for 
which rainfall is insufficient to meet the demand of the soybean crop and thus causing a 
decrease in yield due to drought stress. In addition, under rainfed conditions yield will never 
reach the yield potential of non-stressed conditions.  

54. For fully irrigated crops, there is no difference in yield among soils, while for the 
rainfed yield the differences are significant (Figure 29). Depending on the soil type, some of the 
higher input scenarios show little difference in yield. For instance, for the first soil (Tifton Loamy 
Sand) the yield is very similar for the last four or five irrigation treatments. Similar responses 
can be found for the other soils, although the sandier soils (last three soils) still show a yield 
response at the higher irrigation threshold levels. However, the response is somewhat less at 
the high irrigation levels compared to soybean (Figure 28). 

55. These yield responses also correspond to the supplemental irrigation amounts 
that are required to reach these high yield levels (Figure 30). Especially the Wagram Sandy soil 
shows extremely high water requirements under non-stress conditions, similar to what was 
found for peanut, corn, and cotton. For all soils the water requirements increase with the 
higher threshold value. However, it is important to understand that supplemental water 
requirements vary across years. The higher the threshold variable and potential yield goal, the 
larger the range between the minimum and maximum amount of water required for irrigation. 
In Figure 31 an example is shown for the Tifton Loamy Sand (top) and the Troup Sand (bottom) 
to demonstrate this more explicitly. 

56. As expected, soybean yield is extremely responsive to supplemental irrigation. 
Summarized across years and scenarios, the response is linear up to an amount of 300 mm of 
irrigation (Figure 32). When all years and scenarios are considered the response is extremely 
scattered, with the variability slightly decreasing with an increase in the amount of 
supplementary irrigation applied (Figure 33). The results are shown for the Tifton Loamy Sand 
only, but the other soils show a very similar response. As stated earlier with regard to peanuts, 
corn and cotton, these results are critical for further economic analyses, including for Dr. 
Sunding’s report. 
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publications have noted the unique flavor of Apalachicola oysters.105 Oysters in the shallow and sheltered 

Apalachicola Bay are harvested by local fishermen using small boats and tongs, making the area one of 

the last of its types in the United States.  The working waterfront in the City of Apalachicola houses 

oyster boats and fishing vessels that have been in service through multiple generations of artisanal 

fishermen.  Thus the culinary excellence of the Bay oysters combines with the historical uniqueness of the 

coastal community, to create a cultural resource whose value is closely tied to the environmental health of 

the region.  

Until recently, in a typical year, oyster harvest levels are between 2 and 3 million pounds, and 

generate revenues for local fishermen in the $5 to $8 million range.  In 2013, the shrimp, crab, and finfish 

harvests provided an additional $4.5 million in revenues.  For example, table 5 shows data on oyster 

harvests and revenues in Franklin County for the past decade, and table 6 summarizes harvest numbers 

and revenues from 2013 for five additional fisheries that are important in the region. These numbers 

significantly understate the true contribution of oystering and fishing to the local economy because they 

do not factor in indirect effects.  Dr. Jenkins’ expert report also identifies parts of Apalachicola Bay as an

important nursery to other species that have significant commercial or recreational fisheries in the region,

such as blue crabs, spot, hogchoker, Atlantic croaker, the silver perch, the Gulf flounder, the southern 

flounder, the sand seatrout, the spotted seatrout, and gar. According to NOAA,106 in 2012, over 3.1 

million recreational anglers took 23 million fishing trips in the Gulf of Mexico region (West Florida, 

Alabama, Louisiana, Mississippi, and Texas).  The spotted seatrout was the most frequently caught fish. 

Other critical recreational species include the Atlantic croaker, sand seatrout, and southern flounder.  As 

of 2012, recreational fishing activities in the region support over 75,000 full- and part-time jobs in West 

Florida, 17,000 jobs in Louisiana, and 14,000 jobs in Texas.  In 2012, sales impacts from recreational 

fishing in this region were $5.3 billion in West Florida, $1.1 billion in Louisiana, $1 billion in Texas, 

105 See, for example, http://www.oysterguide.com/new-discoveries/apalachicola-bay/ and 
http://www.nytimes.com/2002/06/15/us/from-apalachicola-bay-oysters-rated-the-best.html.
106 https://www.st.nmfs.noaa.gov/economics/publications/feus/fisheries_economics_2012 (follow links to Complete 
Report).
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Memorandum 

To; Judson Turner 

From: Wei Zeng 

Date: January 29, 2016 

Re: Technical evaluation of Georgia's 2015 Updated Water Supply Request and comments on the 

Army Corps of Engineers Apalachicola-Chattahoochee-Flint (ACF} River Basin Water Control 

Manual Draft Environmental Impact Statement 

I. Introduction 

On October 2, 2015, the Army Corps of Engineers Mobile District (Corps} released a Draft Environmental 

Impact Statement (DEIS) on an updated ACF Basin Water Control Manual (WCM). The DEIS addresses 

two major categories of water resources management in the ACF Basin: (1) meeting Georgia's projected 

water supply needs through revised operations at Lake Lanier and the Chattahoochee River, and (2) 

revising the existing Revised Interim Operation Plan (RIOP) to better fulfill authorized purposes of the 

federal reservoirs in the basin. 

The Corps' Proposed Action AlternatiVe (PAA) incorporated a water supply storage assessment (WSSA) 

that meets part of Georgia's water supply needs from Lake Lanier and all of the needs from the 

Chattahoochee River. The PAA also incorporated many changes to the current water management in 

the basin. These changes cover a wide range of aspects, including reservoir rule curves, action zones, 

peaking power generation, instream flow targets, navigation, endangered species protection, and 

wildlife conservatfon. 

The purpose of this memorandum is to (1) summarize the impact .of Georgia's 2015 Updated Water 

Supply Request and (2} comment on a few key technical aspects of the Corps' proposed water 

management operations. 

II. Georgia's 2015 Updated Water Supply Request 

Updated Water Supply Needs 

On December 4, 2015, Georgia sent the Corps an update to the January 2013 ACF Water Supply Request 

through a planning horizon of 2050. Georgia revised its water supply needs from 297 mgd from Lanier 

and 408 mgd from tt:ie Chattahoochee River down to 242 mgd from Lanier and between 355 and 379 

mgd from the Chattahoochee River. The lowered numbers reflect the latest population projected by 

Georgia Office of Planning and Budget (May 2015) and the latest per capita water use observed in 

member counties of the Metropo.litan North Georgia Water Planning District (Metro District). The latest 

per capita water use number is much lower than previously estimated, reflecting the beneficial effect of 
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conservation measures put in place by the Metro District over the past 13 years and initial effects of 

implementing the 2010 Georgia Water Stewardship Act. 

Table 1 contains the Metro District's latest projections of 2050 water supply needs ·upstream of Buford 

Dam and between Buford Dam and the Peachtree Creek confluence. Your letter to the Corps dated 

December 4, 2015 lncorporated this information. Instead of seeking water supply in the amount of 297 

mgd directly from Lake Lanier, the 2015 Updated Water Supply Request seeks an amount of 242 mgd, 

including 234 mgd projected for local governments w ithin the Metro District (Appendix A) and 8 mgd 

projected for Dawson, Lumpkin, White, and Habersham Counties (Appendix B). The 2015 Updated 

Water Supply Request also contains a revision to the water supply need from the Chattahoochee River 

between Buford Dam and the Peachtree Creek confluence. The new projection puts this need between 

355 and 379 mgd, rather than 408 mgd as sought by Georgia's 2013 Water Supply Request. The range 

reflects the uncertainty surrounding Cobb County-Marietta Water Authority's water supply operation in 

the ACF Basin and Alabama-Coosa-Tallapoosa (ACT) River Basin.1 To model the largest possible impact 

of the 2015 Updated Water Supply Request, the analysis presented in this memo used 379 mgd as the 

gross withdrawal in t he Chattahoochee River between Buford Dam and Peachtree Creek confluence. 

Table 1: 2011 and Projected 2050 Water Withdrawals2 

Reach Upstream of Buford Dam Between Buford Dam and Peachtree 
Creek 

Sub-reach Upstream of Lanier Lake Lanier Atlanta 
2011 5.92 116.04 247.48 
2050 5.92 242 355 ~ 379 

On January 25, 2016, EPD received the Metro District's latest 2050 projection on treated wastewater 

returns to Lanier and the Chattahoochee River from jurisdictions within the Metro District. In addition, 

we project that an additional 5,6 mgd will be returned in 2050 by the four upstream counties. 5.6 mgd is 

calculated based upon a 70% return rate from the 8 mgd additional withdrawal from Lake Lanier by the 

four riparian counties upstream of Lanier. The 70% return rate is derived from the current return rate of 

63% for these four upstream counties, plus additional increases ,in sewered flow that are anticipated as 

these jurisdictions develop over the planning period. This and the projected return amount of98.96 

mgd from the Metro District result in a combined return of 104.56 mgd to Lake Lanier. Th\s information 

is shown in Table 2. 

1 
Cobb County-Marietta Water Authority (CCMWA) has two water supply intakes, one of which is located along the 

Chattahoochee River upstream of the Peachtree Creek confluence. The other one Is located in Lake Allatoona in 
the ACT River Basin. CCMWA's water supply operation depends on the Corps' operation and water supply 
reallocation in the ACT Basin, which has not been finally resolved. The range of Metro Atlanta withdrawal 1n the 
Chattahoochee River reflects this uncertainty. 
2 

In the Corps PAA model, there is a newly separated reach upstream of lake Lanier, breaking the or-lginal Lanier 
reach into two reaches, The 2015 Updated Water Supply Request follows the Corps' approach by identifying 
current and projected water use at these reaches. 
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Table 2: Current and Projected 2050 Returns3 

Reach Upstream of Buford Dam Between Buford Dam and Whitesburg 
Sub-reach Upstream of Lanier Lake Lanier Atlanta Whitesburg 
2011 3.72 34.61 38.77 187.38 
2050 3.72 104.56 81.94 278.984 

Storage accounting of man-made return flows should incentiv'ize municipalities to incur the costs 

associated with transport and discharge of highly treated wastewater to federal reservoirs. If the Corps 

incentivizes such returns, the potential for higher than projected return flows into Lake Lanier would be 

increased - something the State believes to be sound water policy. In that case, the impacts of water 

supply actions will be less than what are shown in this analysis. 

In the DEIS, the Corps considered a number of water supply allocation alternatives, and deemed 

Alternative 7H as the proposed alternative. This alternative (identified as the PAA in the DEIS) provides 

225 mgd of withdrawal from upstream of Buford Dam {40 mgd from the proposed Glades reservoir and 

185 mgd from Lake Lanier) and 408 mgd from the Chattahoochee River between Buford Dam and 

Peachtree Creek confluence. Georgia's 2015 Water Supply Request is very simi lar to the PAA in terms of 

the total withdrawal amount sought, total return projected, total consumptive use, and even 

distribution of the withdrawal, return, and consumptive uses. A comparison of Georgia's 2015 Water 

Supply Request and the PAA is shown in Table 3. 

Table 3. 2015 Georgia Water Supply Request in Comparison to PAA 

River Reaches Withdrawal Needs Georgia 201~ Water Army Corps of 
and Projected Returns Supply Request (mgd) Engineers October 

2015 PAA (mgd) 
Upstream of Buford Withdrawal 242 225 
Dam Return 104.6 91 

Consumptive 137.4 134 
Between Buford Dam Withdrawal 3795 408 
and' Peachtree Creek Return 82 94 
confluence Consumptive 297 314 
Between Peachtree Withdrawal 

3 
Projected return numbers are based on the best available information and are used to support accurate 

modeling, but are not intended to indicate a commitment to specific volumes of return flows in the future. Fut ure 
return flows could be higher or lower depending on relevant circumstances. Differences between the current 
values listed in Table 2, which reflect 201lreturns, and values provided in Georgia's January 2013 Water Supply 
Request reflect Georgia's continued progress in updatfng its water use data. 
4 There is a 3.93 mgd of return flow from discharging facilities that have not been included in the Metro District 
projections. This amount is added to the projected 284 mgd of return flow in the Whitesburg reach in modeling of 
future water supply conditions. 
5 

Using the higher withdrawal number 379 mgd in the Chattahoochee River is more conservative in evaluating the 
impact of Georgia's 2015 Water Supply Request. The impact of using 355 mgd wtthdrawal from the 
Chattahoochee River would be lower than shown tn the following section. 
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Creek confluence and Return 279 290 
Whitesburg Consumptive -279 -290 
Total (Lanier/Upper Withdrawal 621 633 
Chattahoochee) Return 465.6 475 

Consumptive 155.4 158 

Formulation of Two Scenarios 

To evaluate the impact of the projected water suppfy needs, the Hydrology Unit conducted HEC-ResSim 

modeling of the ACF Basin water resources management. The modeling platform used for this analysis 

is the Corps HEC-ResSim model version 3.2.1.226
• 

For both scenarios, the base model reflecting basin-wide water management is the PAA in the DEIS. This 

model contains 225 mgd from upstream of Buford Dam (40 mgd from a proposed Glades reservoir and 

185 mgd from Lake Lanier} and 408 mgd from the Chattahoochee River between Buford Dam and 

Peachtree Creek confluence. For the f irst scenario comparison, we updated the PAA to reflect 2011 

municipal, 1ndustrial, agricultural71 and thermal electric water use conditions in river reaches outside the 

Metro Atlanta area (i.e., above Lake Lanier and below the USGS Whitesburg gage) {the "2011 

Comparison" }. We chose 2011 data because water use resulting from the 2011 hydrologic conditions 

has distinctive characteristics compared to water use in 2007, the data on which the Corps based its PAA 

(the "2007 Comparison"). Both 2007 and 2011 are notable drought years but the droughts affected 

different parts of the ACF Basin. For example, the epicenter of 20ll's drought condition is in the tower 

basin, resulting in higher recorded agricultural water use. In comparison, the 2007 drought had greater 

effects in the northern part of the basin, resulting in higher M&I water use. 

The first scenario we discuss incorporates 2011 water use conditions in Georgia and available 2007 

Alabama water use in Columbus, Walter F. George, George Andrews, and Jim Woodruff reaches.8 Using 

this 2011 and 2007 Alabama data, we created two runs: the PAA' (PAA Prime} and Scenario C.9 

To isolate the effect of the 2015 Updated Water Supply Request, we did not change any other aspects of 

the PAA water management operations for the PAA'. This is true notwithstanding Georgia' s comments 

6 HEC-ResSim modeling platform version 3.2.1.22 was released with the Final Environmental Impact Statement of 
ACT River Basin Wat er Control Manual. It is the latest version of the software that Georgia EPD received from t he 
Corps. 
7 

At the time of Georgia's January 2013 Water Supply Request , estimated 2011 agricultural water use was not 
available. Therefore, estimated 2007 agricultural water use was used instead because 2007 presented the most 
critical hydrologic conditions in the most recent half a century. 
8 

At this time, Georgia EPD does not have 2011 Alabama water use data, and therefore uses Alabama 2007 water 
use to represent Alabama water use in a drought year such as 2011. Drought conditions in 2007 were the most 
severe in the ACF Basin and Alabama's consumptive use In 2007 was the highest in t he preceding 10 years (the 
period for which Georgia has data). 
9 

To avoid confusion with Georgia' s 2013 Water Supply Request, which contained a Scenario A and a Scenario B, 
we chose to call thls new run Scenario C. 

4 

GA02451999 



on certain aspects of the Corps' water management operations in the following sections of this 

memorandum. 

We formulated Scenario C to represent the 2015 Updated Water Supply Request. Scenario Chas the 

same basin-wide water management operations as in the PAA', but incorporates 2050 water supply 

needs as projected by the Metro District for the counties within the district and by EPD for Dawson, 

Lumpkin, White, and Habersham Counties. The details of projected 2050 water supply needs can be 

found in Appendix A. EPD's projected additional water needs for Dawson, Lumpkin, White, and 

Habersham Counties can be found in Appendix 8. 

The HEC-ResSim model containing the PAA' and Scenario C is provided in Appendix C of this 

memorandum. A spreadsheet file containing reach-by-reach withdrawal and discharge quantities is 

provided in Appendix D of this memorandum (spreadsheet trtle: 

ACF _GA-Reqest_621mgd_Demand_cal_20151223_.xls). 

The second scenario we model and discuss is the 2007 Comparison which analyzes the similarity 

between Georgia's 2015 Water Supply Request and the PAA. For the PAA, we used the Corps' PAA 

model. We compared that to Scenario D which starts from the Corps' PAA model but only changes the 

Metro Atlanta area demand settings to reflect Georgia's 2015 Water Supply Request. In other words, 

for the 2007 Comparison, we keep water use conditions in the rest of the basin the same as in the 

Corps' PAA model (adjusted 2007 water use}. 

Similarities Between PAA and 2015 R~quest 

The amount of projected demand from Lanier and the Chattahoochee River in the 2015 Updated Water 

Supply Request is not materially different from what the Corps considered and proposed in its PAA. for 

example, Georgia's request of a gross w ithdrawal from Lake Lanier of 242 mgd is only 17 mgd greater 

than the 225 mgd (20 mgd10 for relocation contracts plus 165 mgd reallocated from Lanier storage, plus 

40 mgd placed on the potential Glades reservoir) specified by the Corps in the PAA. On the 

Chattahoochee River, Georgia seeks a sum lower than what the Corps considered in the DEIS. The 

overall gross withdrawal modeled by Georgia of 621 mgd is 12 mgd lower than the 633 mgd considered 

by the Corps in the DEIS. The overall metro area return rate in Scenario C used for this technical analysis 

is 75%, as calculated by (5.6+99+82+279} mgd of total return divided by (242+379) mgd of total 

withdrawal, virtually the same as the PAA metro return rate of 75%, as calculated by (91+384) mgd of 

total return divided by (225+408} mgd of total withdrawal. 

For this reason, the impact from Scenario C is expected to be similar to that from the PAA' and the 

impact from Scenario Dis expected to be similar to the PAA, notwithstanding the differences between 

the two in terms of placement of demands. 

10 
The correct value of the relocation contracts is 23.3 mgd. The city of Buford's relocation contract is for 2 mgd. 

The City of Gainesville's relocation provides for up to "8,000,000 gallons of water per day from Buford Dam and 
Reservoir" which has been histor1cally interrupted to mean to a net withdrawal of 8mgd. As provided for in a 
Supplement to the Relocation to the Contract, upon execution of new storage contract, this 8 mgd net withdrawal 
will be come 21.3 mgd. 
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Comparison Parameters 

In the modeling results discussed below, Scenario C is compared to the PAA' and Scenario D is compared 

to the PAA. The potential impact of Georgia's Request (Scenario C and Scenario D) is described with 
regard to : 

(1) Average elevations in the federal reservoirs of Lanier, West Point, and Walter F. George: 

(2) Minimum elevations in these reservoirs; 

(3) Elevation duration curves in these reservoirs~ 

(4) Dally average power generation in the federal reservoirs; 

(5) Percentage of time when there is some level of recreational impact; 

(6) Flow at Columbus; 

(7) State line flow duration curve; and 

(8) Navigation. 

2011 Comparison 

Reservoir Elevations 

Using the Res-Sim Model, we determined the average and minimum daily elevations, and the elevation 

duration curves, of the federal reservoirs in the ACF Basin under the PAA' and Scenario C. The average 

and minimum daily e[evatlons of a reservoir are obtained by looking at the daily elevation of the period 

of simulation, from January 1, 1975 to December 31, 2011, and calculating the average and minimum 

daily value for each of the 365 days in a year. The elevation duration curve shows the percentages of 

time over the entire 37-year period that the reservoirs will exceed certain elevations. 

As shown in Figure 1, the average daily elevation of Lake Lanier under Scenario C wil l be 0.1 feet higher 

around May 1 as compared with the PAA' . May 1 is the date on which the top of conservation pool 

guide curve for Lake Lanier rises to 1071 feet for the first time in the year and is the beginning of the 

primary recreational season. Similarly, the average daily elevation of Lake Lanier around December 1 

under Scenario C is less than 3 inches lower than under the PAA'. 

The difference between Scenario C and the PAA' is slightly more pronounced in terms of the daily 

minimum elevation in Lake Lanier (see Figure 2). At the lowest point on the minimum daily elevation 

curve, which usually takes place in the month of December, the elevation under Scenario C is 

approximately 0.8 feet lower than in the PAA'. 

The elevation duration. curves for Lake Lanier are shown in Figure 3. For the upper 95% of the duration 

curve (representing all times but the lowest reservoir elevation), the elevation of Lake Lanier is 

essentially the same in Scenario C and the PAA' . The difference between Scenario C and the PAA' is only 

slightly greater, up to 0.8 feet, in the lower 5% of the duration curve. 

The impact on Lakes West Point and Walter F. George is minor (see Figures 4 through 9). There is very 

little difference ln average daily elevation at both West Point and Walter F. George between Scenario C 

and the PAA'. In terms of minimum daily elevation, the greatest impact of Scenario C in comparison, to 
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the PAA' is approximatefy 0.4 feet in West Point (in the month of November), and less than 0.2 feet at 

Walter F. George (in December). At the point in the year when West Point and Walter F. George 

typically reach their lowest elevation for the year (usually in November or December), there is little 

difference between Scenario C and the PAA'. Even less of a change is evident in the elevation duration 

curves for Lakes West Point and Walter F. George (Figures 6 and 9). In fact, during much of the summer, 

the modeling indicates a minor beneficial effect of the proposed water supply operation on West Point 

and Walter F. George daily minimum elevation (Figures 5 and 8). 

Power Generation 

The projected water withdrawals and Corps' proposed operations necessary to support them will not 

have a material impact on the production of hydropower at Buford Dam. Under Scenario C, the daily 

average energy generated at Lake Lanier is modeled to be 316 MWh (Figure 10), and the annual average 

energy generated at Lake Lanier is modeled to be 115,340 MWh. In comparison, the daily average 

energy generated under the PAA' is modeled to be 318 MWh and the annual average is 115,922 MWh. 

Thus, assuming updated 2050 water supply demands in the Lanier and upper Chattahood1ee reaches, 

there would be a 0.5% reduction in power produced at Buford Dam compared to the PAA'. 

As shown by Figure 10, Georgia's future water supply demands will have very little impact on the total 

amount of energy produced by all of the federal reservoirs in the ACF Basin. Under Scenario C, when 

Georgia has reached demands of 621 mgd, the daily average energy output from all ACF federal 

reservoirs is modeled to be 2,639 MWh {annual average 963,209 MWh). The daily average energy 

output under the PAA' ls 2,642 MWh, and the annual average is 964,157 MWh. Thus, there wil l be only 

a reduction in daily average generation of3 MWh (annual average reduction of 949 MWh) for all 

reservoirs combined. For the combined generation of all of the federal reservoirs in the ACF Basin, there 

is only a 0,1% reduction under Scenario C. 

Recreational Impact 

We evaluated the recreational, 1mpact by looking at the primary recreational season, defined by the DEIS 

as May through July for Lanier, May through September for West Point, and June through August for 

Walter F. George, and tallying the percentage of days when elevation of a reservoir is lower than the 

three levels of recreational impact, which are, in increasing degree of impact, the Initial Impact Line (Ill), 

Recreational Impact Line (RIL), and Water Access Limitation (WAL). According to the DEIS, the Ill at Lake 

Lanier is 1066 feet above mean sea level (msl), the RIL is 1063 feet above msl, and the WAL is 1060 feet 

above msl. For West Point Lake, the Ill is 632.5 feet above msl, RIL is 629 feet above msl, and WAL is 

627 feet above msl. For Lake Walter F. George, the Ill is 187 feet above msl, the RIL is 185 feet above 

ms!, and the WAL is 184 feet above msl. 

The impact to recreation is shown in Figures 11 through 13. In Scenario C, as compared with the PAA', 

there is a slight improvement on the percentage of Ill (by roughly 1%) and very little difference on Rll 

and WAL (Figure 11). 
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The recreational impact on West Point is either non·existent or slightly beneficial. At West Point, the 

extent of recreational impact under the Ill is less in Scenario C when compared to the PAA' (by 1%), 

while the recreational impacts of RIL and WAL are virtually the same (Figure 12). At Walter F. George, 

there is no difference in the extent of recreational impact under all three impact levels. The elevation of 

Walter F. George does not fall to the RI Lor WAL in either of the two scenarios ( Figure 13 ). 

Flow at Columbus 

The impact on flow at Columbus, from either projected water supply needs or potential changes sought 

by Georgia to the Corps' operation of the federal reservoirs (elaborated in following sections of this 

memorandum), is very small. EPD staff made a comparison of flow exceedance at Columbus between 

the Scenario C and the PAA'. The two, curves are almost identical for the portion below 2,000 cfs. For 

example, a flow equal to or lower than 1,350 cfs, which is tracked by Columbus stakeholders, occurs 

4.4% of the time in both Scenario C and the PAA' (simulated 1975-2011). 

From a water quality compliance perspective, the frequency of flows at Columbus below a daily average 

of 1150 cfs is an important measure for comparison among scenarios. Under both Scenario C and t!,e 

PAA', this percentage is 2,5% (simulated 1975-2011). 

Even though the PAA performs well in terms of this metric, Georgia has advocated in the past that 

further improvement can be realized in terms of both endangered species act performance measures 

and flow at Columbus if certain aspects of operating plans as suggested in the Georgia Contemplation 

are adopted. 

State Line Flow 

There is no noticeable difference between Scenario C and the PAA' in terms of the flow duration curve 

at the Georgia/Florida state line, which suggests that the updated water supply needs in the metro 

Atlanta area will not result in any significant change ln state line flow when compared to the PAA' . (See 

Figure 14.) When we look more dosely at the portion of the graph between the 80 and 95 percentiles 

exceedance, the curve resulting from Scenario C is barely below the curve resulting from the PAA' (see 

Figure 15). At the very bottom (the lowest 5%) of the duration curve, note that there is no difference 

between the two scenarios. Georgia's updated 2050 water supply needs, when compared to water 

supply settings in the PAA', do not have a material effect on the Corps' minimum flow operation and 

thus do not change the state line flow in this range. Overall, the change in state line flow is minor in 

comparison to the magnitude of state line flow under the Corps' proposed basin-wide operation. 

Navigation 

Without the benefit of the Corps' post-processing tools for navigation performance measures (PMs), 

EPD staff used the Corps' description to formulate navigation performance measures. Using these PMs, 

we found no difference between Scenario C and the PAA'. Thus Georgia's updated water supply needs 

will not have any material impact on navigation availability compared with the PAA'. 
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2007 Comparison 

Reservoir Elevations 

As shown in Figure 16, the average daily elevation of Lake Lanier under Scenario D will be slightly higher 

(by about 2 inches) around May 1 as compared with the PAA. The average daily elevation of Lake Lanier 

around December 1 under Scenario Dis slightly lower (also by about 2 inches) than under the PAA. 

The difference between Scenario D and the PAA is slightly more pronounced in terms of the daily 

minimum elevation in Lake Lanier (see Figure 17). At the lowest point on the minimum daily elevation 

curve, which usually takes place in the month of December, the elevation under Scenario D is less than 

0.3 feet lower than in the PAA. 

The elevation duration curves for Lake Lanier are shown in Figure 18. The elevation duration curves for 

Scenario D and the PM are almost identical for the top 97% of the elevation spectrum. The difference 

between Scenario D and the PAA is only slightly greater, up to 4 inches, in the lower 3% of the duration 

curve. 

The impact on Lakes West Point and Walter F. George is minor (see Figures 19 through 24). There is 

very little difference in average daily elevation at West Point between Scenario O and the PM (Figure 

19). The difference in average daily elevation at Walter F. George between Scenario D and the PAA ls 

almost nonexistent (Figure 22), In terms of minimum daily elevation, the greatest impact of Scenario D 

in comparison to the PAA is less than 0. 7 feet in West Point (in the month of October), and less than 0.4 

feet at Walter F. George (in December). {See Figures 20 and 23.) At the time when West Point and 

Walter F. George typically reach their lowest elevation in a year (usually in November or December), 

there is little difference between Scenario D and the PAA. Even les.s change is evident in the elevation 

duration curves for Lakes West Point and Walter F. George (Figures 21 and 24). 

Power Generation 

The projected water withdrawals and Corps' proposed operations necessary to support them will not 

have a material impact on the production of hydropower at Buford Dam. Under Scenario D, with water 

supply needs of 621 mgd for the Metro Atlanta Area and Corps-adjusted 2007 demands elsewhere, the 

daily average energy generated at Lake Lanier is modeled to be 314 MWh (Figure 25), and the annual 

average energy generated at Lake Lanier is modeled to be 114,744 MWh. In comparison, the daily 

average energy generated under the PM is modeled to be 315 MWh and the annual average is 114,962 

MWh. Thus, assuming updated 2050 water supply demands in the Lanier and upper Chattahoochee 

reaches, there would be a 0.2% reduction in power produced at Buford Dam compared to the PAA. 

As shown by Figure 25, Georgia's future water supply demands will have very little impact on the total 

amount of energy produced by all of the federal reservoirs in the ACF Basin. Under Scenario D, when 

Georgia has reached demands of 621 mgd, the daily average energy output from air ACF federal 

reservoirs Is modeled to be 2,635 MWh ,(annual average 961,923 MWh). The daily average energy 

output under the PAA is 2,637 MWh, and the annual average is 962,511 MWh. Thus, there will only be a 
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reduction in daily average generation of 2 MWh (annual average reduction of 588 MWh) for all 

reservoirs combined. For the combined generation of all of the federal reservoirs in the ACF Basin, there 

is only a 0.1% reduction under Scenario D. 

Recreational Impact 

The impact to recreation is shown in Figures 26 through 28. In Scenario Das compared with the PAA, 

there is a slight improvement on the percentage of Il l and RIL (both by roughly 1%) and very little 

difference on WAL (Figure 26). 

The recreational impact on West Point is minor. At West Point, the extent of recreational impacts under 

the Ill and WAL are about one percent more in Scenario D when compared to the PAA, while the 

recreational impacts of RIL is the same (Figure 27). At Walter F. George, there is no difference in the 

extent of recreational impact under all three impact levels. The elevation of Walter F. George does not 

fall to the RIL or WAL in either of the two scenarios (Figure 28). 

Flow at Columbus 

Again, flows at Columbus between the two scenarios are very similar. For example, a flow equal to or 

lower than 1,350 cfs, which is tracked by Columbus stakeholders, occurs 5.2% of the time in the PAA, 

and 5.3% in Scenario D (simulated 1939-2011). From a water quality compliance perspective, the 

frequency of flows at Columbus below a daily average of 1150 ds is an important measure for 

comparison among scenarios. Under both Scenario D and the PAA, this percentage is 3.2% (simulated 

1939-2011). 

State Line Flow 

There is no noticeable difference between Scenario D and the PAA, in terms of the flow duration curve 

at the Georgia/Florida state line, which again suggests that the updated water supply needs in the metro 

Atlanta area will not result in any significant change in state line flow when compared to the PAA, (See 

Figure 29.) When we look more closely at the portion of the graph between the 80 and 95 percentiles 

exceedance, the curve resulting from Scenario Dis barely below the curve resulting from the PAA (see 

Figure 30). At the very bottom (the lowest 5%) of the duration curve, note that there is no difference 

between the two scenarios. When Georgia's updated 2050 water supply needs are evaluated against 

the PAA with an alternative basin-wide water use (Corps-adjusted 2007 demand), these needs do not 

have a material effect on the Corps' minimum flow operation and thus do not change the state line flow 

in this range. 

Navigation 

Using staff-developed navigation performance measures, we found no difference between Scenario D 

and the PAA. Thus Georgia's updated water supply needs will not have-any material impact on 

navigation availability compared with the PAA. 
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In conclusion, Scenario O performs essentially the same as the PAA in all of the performance measures 

we evaluated. This confirms our finding from the previous sub-sect.ion that Georgia's 2015 Wc1ter 

Supply Request is not materially different from what the Corps already considered and proposed in the 

DEIS. 

Ill. Water Mahagement Evaluation 

Peachtree Creek Flow Target 

The Corps operates Buford Dam to provide flow to support a flow target just upstream of the confluence 

of Pec1chtree Creek and the Chattahoochee River. This location is about two miles downstream from the 

USGS gaging station of Chattahoochee River at Atlanta, GA (02336000), and almost immediately 

downstream from the City of Atlanta's raw water ,intake. Treated wastewater is d ischarged into the 

Chattahoochee River just downstream from Peachtree Creek from the Cobb County R.L. Sutton Water 

Pollution Control Plant (WPCP) and the Atlanta RM Clayton WPCP. These discharges and corresponding 

water quality in the rrver are closely associated with the flow target at Peachtree Creek. 

Through coordinated operations with the Atlanta Regional Commission and Georgia Power Company, 

the Corps, after receiving forecast tributary flows between Buford Dam and the Peachtree Greek 

confluence, ensures that releases from Buford Dam are enough to meet the needs of water withdrawal 

facilities along the Chattahoochee River and to meet the above-mentioned flow ta,get after the 

withdrawals take place. The coordination has a mid-week correction mechanism to account for any 

errors in forecasting water supply needs and tributary flows. 

In practice, this flow target is met by Georgia Power Company operating its Morgan Falls project to meet 

water supply needs downstream of Morgqn Falls (Cobb County and the City of Atlanta) and the flow 

target at the Peachtree Creek confluence. The Corps schedules peaking hour generations at Buford Dam 

to make sure there is enough water stored at Morgan Falls to meet the combined needs. In water 

quantity modeling (HEC-ResSim presently and HEC-5 previously), Morgan Falls is treated as a run-of­

river project, and the water supply needs and the flow targets are met directly with release from Buford 

Dam. The modeling is consistent with the practice in the sense that any potential deficit in meeting 

either water supply or the flow target at Peachtree Creek confluence is eliminated by additional release 

from storage at Lake Lanier. 

Historically, the Corps has operated Buford Dam to provide a flow target of 750 cubic foot per second 

(cfs) throughout the year. In previous drought years, the State of Georgia has asked the Corps to lower 

the flow target temporarily during the colder wetter months. The State presented to the Corps the 

water resource benefits of preserving water during times of relative abundance in a drought year. The 

State also addressed water quality concerns, demonstrating compliance to water quality standards of 

both simulated and observed dissolved oxygen concentrations in the Chattahoochee River. After 

consideration and technical evaluation of the State's requests, the Corps implemented reduced flow 

support to 650 cfs during the years of 2008, 2009, 2011, and 2012, with no consequent violations of 

water quality standards, 
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The Corps' successful implementation of flow target reductions in the wetter periods of the drought 

years indicates that the operation of Buford Dam can be modified without negative effects on water 

quality and other aspects of the Chattahoochee River. These successful reductions suggest 

consideration of further reductions in the flow target at Peachtree Creek in the wetter periods of all 

years to achieve storage benefits at normal times and reduced probabilities of the system entering 

drought operatlons. 

The models used to evaluate the benefits of a reduced flow target at the Peachtree Creek confluence on 

the lake )evels are a set of ACF Basin HEC-ResSim models, which were released together with the DEIS in 

October 2015. We used two alternatives from this set of models. The first one is what the Corps refers 

to as the No Action Alternative (NAA) reflecting current water use and water management. In this 

alternative,, the Peachtree Creek flow target is set at 750 cfs for the entire year. The second alternative 

is the PAA, as discussed above. In the PAA, the Corps revised the Peachtree Creek flow target to 650 cfs 

during the wetter and colder half of the year (November through April). In order to evaluate the effect 

of further reducing the flow target during the wetter and colder half of the year, we formulated a third 

alternative, which we refer to as the PAA Reduced or the PAA 550. The PAA Reduced has a November 

through April Peachtree Creek flow target of 550 cfs, but is otherwise the same as the PAA. In both the 

PAA and the PAA Reduced scenarios, the flow target remains at 750 from May through October. 

Note that the water demand used in the NAA is not the same as that in the PAA. The Corps used 

Georgia's 2007 recorded water demand (128 mgd of withdrawal from Lake Lanier and 277 mgd from the 

upper Chattahoochee River} as the basis of the demand set in the NAA. The PAA, however, 

incorporated 225 mgd of Georgia's request of 297 mgd from Lanier and 408 mgd from the upper 

Chattahoochee River.11 The newly formulated PAA Reduced (PAA 550) has the same demand as in the 

PAA. A comparison between the NAA and the PAA (or the PAA Reduced) therefore does not evaluate 

the effect of reduced Peachtree Creek flow targets. The beneficial effect of reducing the Peachtree 

Creek flow target in the wetter and colder time can .best be seen in a direct comparison between the 

PAA and the PAA Reduced (PAA 550), 

As can be seen in Figures 31 through 35, there is a persistent Lanier storage benefit through the most 

severe droughts recorded in history from the reduced winter/spring Peachtree Creek flow target in the 

PAA Reduced as compared to the PAA. The maximum benefit through the most severe drought, the 

2007-2009 period, is 1.4 feet in elevation, or roughly 44,000 acre-feet in storage. The benefits from a 

reduced Peachtree Creek flow target in other droughts are less substantial, but still evident. For 

example, the storage benefit from the PAA Reduced (PAA 550) can be as much as 0.9 feet (or almost 

30,000 acre-feet) in 1-956, 0.9 feet (or more than 29,000 acre-feet} in 1989, 0.7 feet (or more than 

22,000 acre-feet) in 1986, and 0.6 feet (or more than 21,000 acre-feet) in 1941. 

Those higher Lake levels then provide system benefits to the entire Basin. In a drought year when basin 

inflow is lower than average and competing needs in the Basin stretch limited resources, maintaining 

storage in the Lake, the most upstream storage reservoir, preserves maximum operational flexibility to 

u In the PAA, 40 mgd comes from the Glades Reservoir. In the PAA Reduced (PAA 550), that 40 rngd comes from 
Lake Lanier. 
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meet all ~uthorized purposes and reduces the amount of time- by five months- that the Basin Is in 

drought operations. 

Looking at flows in the middle Chattahoochee reach, no impact is evident from t he change in the 

Peachtree Creek flow target. A comparison of flow exceedance at Columbus was made among the NAA, 

the PAA, and the PAA Reduced (PAA 550) scenarios. The difference in flows below 2,000 cfs among the 

scenarios is almost non-existent. 

For flows below a daily average of 1150 cfs in the middle Chattahoochee reach, a measure important 

from a water quality compliance perspective, there is also little difference between the scenarios. 

Underthe NAA, the PAA, and the PAA Reduced (PAA 550) scenarios, the percentages are 3.1%, 3.2% and 

3.2% (simulated 1939-2011). 

looking at water quality parameters specifical ly, water quality can be protected with a reduced 

Peachtree Creek flow target in the November-April time period. Based upon dissolved oxygen (DO), the 

parameter long tracked as a key indicator of conditions in the upper Chattahoochee River, lowering the 

Peachtree Creek flow target in the winter months does not present a water quality challenge 

downstream. Given past problems with DO in this reach, the significant improvements that have been 

made with respect to this parameter, and the sign'ificance of DO in determining wasteload allocations, 

Georgia believes that any changes in the Peachtree Creek flow target must be acceptable from a DO 

perspective. 

The hydrodynamic water quality model GA RIV~l was used to assess dissolved oxygen in the 

Chattahoochee River under NAA, the PAA, and the. PAA Reduced (PAA 550). Specifically, model results 

at the DO sag near Dog River, the point of minimum DO concentration in the river below the wastewater 

discharges in the metro Atlanta area, were assessed for compliance with the instream dissolved oxygen 

water quality criteria (daily average of 5.0 milligrams per liter [mg/I] and not less than 4.0 mg/I). 

Specifics on the Metropolitan Chattahoochee River Model used for this evaluation are provided in 
( 

Appendix E. 

Results demonstrate that DO criteria are expected to be met throughout the year under all three 

alternatives. Table 4 provides the model results for the minimum daily average DO concentrations by 

year. Figure 36 shows the model results for daily average DO concentrations for each year for the NAA; 

Figure 37 shows the daily average DO concentrations for each year for the PAA; and Figure 38 shows the 

daily average DO concentrations for each year for the PAA Reduced (PAA 550). These results show that 

the DO criteria are met throughout the simulation period for each alternative. 
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Table 4: Minimum Predicted Dissolved Oxygen Concentrations by Year 

Minimum Daily Average DO Concentration (mg/L) 

V.ear NAA PAA 
PAA Reduced 

(PAJ\ 550) 
2000 4.97 4.95 4.96 
2001 5.14 5.37 5.46 
2002 5.19 5.08 5.18 
2003 5.75 5.73 5.83 
2004 5.38 5.32 5.45 
2005 5.09 5.92 5.04 
2006 5.29 5.08 5.14 
2007 5.12 5.00 5.02 
2008 5.21 5.12 5.20 

For other parameters for which water quality standards have been defined, ecosystem response as well 

as assessment and management, are more complex than for dissolved oxygen. The best available data 

indkate that, under both the PAA and the PAA Reduced (PAA 550) alternatives, with implementation of 

the state's ongoing water quality management programs, waters that currently support designated uses 

would be expected to continue to do so and continued progress toward restoration would be expected 

for waters that are currently impaired. 

West Point Potential Rule Curve Revision and Flood Risk Mitigation Operation 

Water Resource Benefit of Rule Curve Revision 

West Point Reservoir ,is the second largest federal storage project in the ACF Basin. It has 306,131 acre­

feet of conservation storage at its summer (full) pool level when elevation is maintained at 635 feet 

MSL. In anticipation of seasonal precipitation and high inflow events, the Corps lowers the top of 

conservation pool from 635 feet MSL at the end of October to 628 feet MSL in mid-December. This is 

called a winter drawdown. The Corps keeps the project at 628 feet MSL from mid-December to mid­

February, when a gradual rise of the rule curve starts toward a full pool level again in June. The 

drawdown from 635 feet MSL to 628 feet MSL corresponds to a storage difference of 162,500 acre-feet, 

or 53% of West Point conservation storage. In the drawdown period, this storage space is available for 

storing flood water from expected seasonal high precipitation events. 

From the water resource management perspective, there are several potential issues with the winter 

drawdown, especially one as sharp as this one. First, the drawdown causes a large amount of stored 

water to be released from the federal reservoir system in the late fall, when the biological growing 

season for biota in the river is over and the need for release to the river is not as much as in the riverine 

growing season. Second, the Corps defines the period between December and February as the refill 

season for the federal reservoirs. The winter drawdown contradicts the concept of a refill season, when 

the amount that can be stored is greatly limited by the depressed winter storage capacity. Third, the 

rtse of rule curve largely corresponds to what is called Sturgeon Spawning Season (March through May) 
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under the Corps' basin-wide operation scheme. The Sturgeon Spawning Season happens to be the 

season with the largest minimum flow requirement in the Apalachicola River. The need to refill federal 

storage, including West Point Reservoir, to the full pool level is in direct competition with calls for higher 

releases for downstream purposes. Last but not least, the drawdown itself and the potential (as well as 

real experience) that West Point may not be refilled to its full pool level at the beginning of summer 

hurts Congressionally-authorized recreational purpose of the West Point project. 

Stakeholders in the West Point area have long expressed the need to study the potential for eliminating 

or limiting the extent of the winter drawdown to improve conditions for the Congressionally-authorized 

recreation at the project. The Corps has countered that any reduction in winter drawdown, or increase 

in winter pool levels, would reduce the amount of seasonal flood retaining storage and thus be 

detrimental to flood risk mitigation opecation. For this reason, the Corps did not consider raising the 

West Point winter rule curve in the Water Control Manual update process. 

Georgia EPD has worked w ith stakeholders in the West Point Reservoir area and understands their 

positions. Prior work done by the Hydrology Unit and other consultants shows appreciable water 

resource benefits from raising the winter rule curve, not only at West Point, but also at Lanier and other 

locattons in the basin. EPD's latest modeling based on the Corps' PAA model (with changes made only 

to increase West Point winter rule curve from 628 feet MSL to 632 feet MSL) again demonstrates such 

benefits. Figures 39 to 43 show storage benefits to West Point in the years of 1981, 1986, 2000, 2004, 

and 2006. The maximum elevation benefit to West Point is 4.8 feet in year 1954. Pigures 44 to 47 show 

storage benefits to Lanier in the years of 1981, 2000, 2004, and 2006. The maximum benefit to Lanier is 

1.84 feet in year 2004. There is also a slight improvement in recreational impact to both Lanier and 

West Point (Figures 48 and 49). Looking at flows in the middle Chattahoochee reach, modeling indicates 

that flows important for water quality compliance would not be affected by the rule curve change, with 

flows at Columbus equal to or great than 1150 cfs the same percentage of time under the higher rule 

curve as the current rule curve. Finally, an increase in the winter rule curve is likely to benefit water 

quality in West Point Lake. Higher water surface elevations generally contribute to lower levels 

chlorophyll a in reservoirs, and water quality modeling undertaken by Georgia supports that conclusion. 

Revision to Flood Risk Mitigation Operation 

Georgia EPD understands the reason behind the Corps' reluctance to consider a revised West Point 

winter rule curve. However, a review of the Corps' flood mitigation operation in the past and a revision 

to the existing procedure to reduce flood risk would allow the Corps to co11sider raising West Point's 

winter rule curve without having negative impacts on flood mitigation operations. 

The Corps kindly provided Georgia information regarding its flood risk operations during May 2003, one 

of the most substantial flood events in recent history. EPD's review suggests that quicker response to 

high volumes of inflow to the West Point project might have avoided large volumes of water being 

stored in the reservoir and the project's elevation rising toward the top of the flood mitigation storage 

(640 feet MSL according to the ACF ResSim model). Figure 50 shows time series of West Point inflow, 

release, and pool elevation from May 3 to May 10, 2003. It can be seen that, as the 3-hour inflow to the 
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project rose above West Point's power house capacity of around 16,500 cfs {approximately at 10:00 

May 6, 2003) and continued to increase, the project release lagged behind inflow for 54 hours (untll 

16:00 May 8, 2003). At one point, release was less than inflow by as much as 92,400 cfs. 

The Corps has since handled a fast rising flood pool and large volumes of inflow quite effectively in both 

2009 and most recently in December 2015, accomplishing this in the face of limitations posed by real­

time, incomplete information. To move beyond a focus on past flood events and post-hoc assessments 

using total knowledge of the incoming flow sequence, EPD worked with the Corps and the National 

Weather Service Southeast River Forecast Center (SERFC} to test the incorporation of probability-based 

forecast information in flood risk mitigation operations and seek revised flood mitigation procedures to 

reflect this incorporation. In this approach, the modeler/operator does not have full knowledge of the 

incoming flow sequence. Instead, he or she has project information and forecast information one time 

step at a time. In other words, the modeler/operator is in a virtual flood mitigation operation. The goal 

is to identify revised procedures with clear rules on when certain actions need to be taken given inflow 

seen at the project, runoff conditions in the contributing drainage area, and probability of certain levels 

of precipitation in the nearfuture. 

It is reasonable to think that in 2003 the project elevation would not have risen so fast toward the top of 

flood mitigation storage had the Corps made earlier and higher releases (not exceeding inflow on the 

rising limb of an event of course) with the beneficial information of "water on the ground" - defined as 

runoff that has already materialized in the reservoir's contributing drainage area but has not yet 

reached the storage (and thus remaining temporarily "unaccounted for" to the project inflow) - and 

"water in the air" or forecast of precipitation in the short term (a few days). Such a forecast of inflow 

would give the Corps early information on how much water is on its way to the project and with how 

much certainty. Armed with this information, the Corps can make early releases to "match inflow," 

even when the "inflow" is still on its way to the project and has not quite reached the reservoir yet, and 

thus avoid the delayed action that was observed in events such as the May 2003 one. 

Georgia EPD contracted with Hydrologies to develop revisions to the West Point flood mitigation 

operation based on the Corps' flood control procedure as reflected by the Corps' 1989 Draft Water 

Control Manualu, the Corps' recorded project operation data {elevation, inflow, and releases), recorded 

flow sequence by USGS, and flow and precipitation forecast made by SERFC between 2005 and 2015. 

The study was designed to evaluate two questions: Is it possible to qesign a rule or a set of rules, given 

real-time gage readings from USGS and forecast information from SERFC, that would (1) allow for earlier 

releases from the West Point project to achieve lower peak release and no worse peak reservoir 

elevation, and (2) mlnim1ze false actions that lower reservoir elevation unnecessarily and have a 

negative effect on West Point and system storage? 

The study demonstrated that both outcomes are achievable. As shown by the Hydrologies Report 

(Appendix F)1 the modeler/operator was faced with the same inflow conditions, same real-time gage 

readings from USGS, and the same SERFC forecast of stream flow and precipitation. After the single 

11 At the time EPD contracted this work, the DEIS was not available .. 
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value SERFC forecast has been transformed into probability-based ensemble forecast, a set of rules 

designed to help the operators take certain actions, including what we call Inflow Following Rule (IFR), 

was incorporated into a flood operation model. This revised flood mitigation operation was then tested 

with real-time conditions between 2005 and 2015. The rules were revised in an iterative manner, and 

the results show that, during the September 2009 flooding event, substantially lowered peak release (by 

15%) from West Point (by extension a lower rfsk flood operation) could have been achieved with the 

forecast information and the new rules (Figure 51). This was achieved not at the expense of reservoir 

storage either, since after-event reservoir elevation barely changed and the long-term reservoir 

elevation exceedance curve was almost identical to the operation without the new rules. Details of this 

study can be found in the Hydrologies Report attached to this memorandum in Appendix F. 

This study demonstrated that a revised flood mitigation operation based on probability-based forecast 

information is not only possible but also effective in reducing flood risks and easy to implement. 

Furthermore, the current formulation of the rules and the parameters in the rules are just examples of 

what could be implemented. Other parameter values or other forms of rules aimed at reduci ng flood 

risks can also be tested. Georgia EPD encourages the Corps to continue to work with the State and 

SERFC in pursuit of reduced flood risks and increased water resource benefits from West Point 

Reservoir. 

Navigation 

The Corps has not implemented any meaningful navigation operation since 1999, mostly because the 

lack of navigation demand and Corps' inability to obtain necessary 401 water quality certification from 

the State of Florida for dredging and snagging operations to maintain navigation channels. 

In the newly released DEIS, the Corps proposes to resume navigation operation on a regular basis for the 

wetter period of January through April (or May depending on hydrologic conditions) of each ye;;ir. The 

Corps contemplated providing only a seven-foot channel for navigation though, requiring a flow of 

16,200 cfs as measured at Apalachicola River at Blountstown, Florida. 

Georgia EPD has serious concerns over the proposed navigation for a number of reasons and those 

concerns are discussed in more detail below. 

First, the incorporation of navigation operation substantially increased the number of days when the 

ACF system is under drought operation. EPD staff took the Corps' PAA model and formulated a PAA No 

Navigation alternative by turning off the navigation operation. The PAA No Navigation alternative would 

result in a total drought operation of 3,622 days of the 1939-2011 period of simulation. In comparison, 

the Corps' PAA alternative with navigation operation would result in a total drought operation of 4,833 

days. This is a 33% increase in drought operation. Furtherrnore, whil,e the PAA No Navigation 

alternative would not result in any days of Extreme Drought operation, the PAA alternative w lttt 

navigation operation would cause the system to be In Extreme Drought operation for 61 days. 
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The effect of PAA navigation operation, in comparison to the no navigation alternative, can be seen in 

Figures 52 through 60. Navigation triggers and drought triggers are expressed in a binary manner, with 

the value 1 representing "on" and 0 representing ''off" conditions. 

In previous analyses of the Corps' operation of the ACF system, EPD staff has seen in general drought 

operations taking place in the typical drought years of the 1950's (1951, 1954-1956), the 1980' s ( 1981, 

1986, and 1988-1989), the turn of the century (1999-2001), and the most recent ones (2006-2008). 

Upon review of the PAA alternative, however, staff noticed typical non-drought years with drought 

operation taking place. For example, drought operations closely follow navigation operations in 1940, 

(Figure 52), in 1985 (Figure 56), in 1992 (Figure 57), -and in 2004 (Figure 58), 

Even in the typical drought years when drought operations would usually occur, the PAA alternative 

with navigation operation would bring on drought operation earlier than the one without navig-ation. 

Also, the onset of drought operation in these times usually immediately follows the conclusion of a 

navigatron operation, which strongly indicates causation. For example, under 1941 hydrology, a drought 

operation would occur in May under the PAA alternative without navigation. Under the PAA with 

navigation, however, the drought operation would take place in March, immediately after a, navigation 

operation from January to February 1941 (figure 52). Under hydrologic conditions of 1954 to 1956 and 

the PAA alternative without navigation, there would not be a drought operation until July 1955, and it 

would only last until May 1956. With the PAA navigation alternative, however, the drought operation 

would start in June 1954, more than a year earlier, and would linger on and off until e-arly 1957 (Figure 

54). Similar situations can be seen with the hydrology of 1981 (Figure 55), 2006-2008 (Figure 59). and 

2011 (Figure 60). 

Second, in the navigation season of drought or dr1er years, the system cycles multiple times between 

the two eKtremes of a navigation operation, when 16,200 cfs is needed, and a drought operation, when 

only a 5,000 cfs flow requirement is present. This reversal between two extremes is directly 

contradictory to the Corps' desire for steady operation and smooth transition. 

The reversal can be seen under various hydrologic conditions, For example, under 1942 hydrology, the 

system would be operated for a mohth of navigation before it plunges into a drought operation in the 

next two months, which is then followed by another two months of navigation (Figure 52). Uhder 1951 

conditions, the system would experience almost two months of navigation followed by a month of 

drought operation, which is then followed by another two months of navigation and another two 

months of drought operation (Figure 53). Similar bipolar behavior can be seen under 1957 (Figure 54), 

2006-2007 (Figure 59), and 2011 (Figure 60) conditions. 

Third, the mere prospect that navigation operation, which requires substantial flow support from 

storage, may take place ln a drought year like 1954, 1981, 2006, 2007, and 2011 raises serious concerns. 

There appears to be no forecast hydrologic conditions used as a threshold for a navigation season to 

commence. Other than system Composite Storage being healthy at the beginning of a navigation 

season, there appears to be no hydrologic information that can be used to stop the implementation of 

18 

GA02452013 



storage-costing navigation operation until that storage plunges into Zone 3 for a reversal to drought 

operation. 

Georgia EPD encourages the Corps to establish an Inflow forecast mechanism, one that is not unlike the 

one discussed in the section titled West Point Potential Rule Curve Revision and Flood Risk Mitigation 

Operation. Such forecast can help the Corps implement navigation operation only when conditions 

warrant such and avoid costly navigation operations that aggravate storage burdens in drought years. 

Fourth, there appears to be an error in the navigation performance measure for some of the 

alternatives including the PAA. Staff was not able to replicate the navigation availability of the PAA with 

an evaluation tool developed using only descriptions provided by the Corps. For example, the Corps 

stated that the PM has a 42.5% seven-foot navigation channel availability, while we could only calculate 

an availability of 21.9%. Using the same understanding and performance measure, the PAA without 

navigation requirement would have a 19.2% availability of seven-foot channel. This means that there is 

an increase of only 2.9% or a mere two years of additional navigation availability under the PAA 

navigation operation in the entire 73-year period. The cost of this gain in navigation, however, can be 

high as evidenced by a four feet difference in minimum Lanier elevation (between the PAA and the PAA 

No Navigation alternatives) and by the points above related to impacts on system storage and the 

increased emergency drought operation of the system. 

Fifth, EPD staff has been successful ln formulating an alternative to achieve the same level of navigation 

availability without the impacts on storage seen with the PAA. With minor changes to the navigation 

parameters, 21.9% navigation availability has been achieved with Lanier elevation virtually unchanged 

from the PAA No Navigation alternative. We encourage the Corps to work with EPD to further explore 

implementing more apt and more efficient navigation operat ions. 

Flnally, navigation operation should be implemented only when there is demand for navigation, and 

should not serve as a secondary and implicit flow requirement. In the navigation season of January 

through May, the flow requirement of 16,200 cfs can be much higher than flow rates determined by the 

RIOP Jim Woodruff release requirements. The Corps should not treat the 16,200 cfs as a flow that has 

to take place in the navigation season. Th1s flow should only take place following an established 

process. Georgia EPD suggests the following as essential elements of such a process: clear declarations 

of needs from potential users, favorable hydrologic conditions as forecast by established protocols, 

close coordination among multiple users so the same flow concentrated in a short per.fed can support 

many users, and an evaluation and declaration of storage impact from the Corps. EPD is willing to work 

with the Corps in developing this procedure and its elements. 

M ethodology of Alternative Evaluation/ Performance Measures 

Performance Measures for Endangered Species 

In previous communications with the Corps and the US Fish and Wildlife Service (Service), Georgia EPD 

advocated developing performance measures based on physical evidence, rather than arbitrary beliefs 

that are not supported by science. ln January 2013, EPD presented in writing the concept of the Georgia 
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Contemplation, an operation set based on performance measures designed to meet all authorized 

purposes, including biological needs of endangered species in the Apalachicola River. 

EPD staff and contractors ·developed a -spawning season operation to enhance the availability of 

sturgeon spawning habitat. Using performance measures of spawning habitat availability developed by 

the Service, the Georgia Contemplation provides better habitat availability than the RIOP does. Using 

floodplain connectivity performance measures developed by the Service, the Georgia Contemplation 

provides better continuous floodplain connectivity than the RIOP. 13 

Georgia EPD also pointed out the lack of physical evidence supporting performance measures for flows 

between 5,000 cfs and 10,000 cfs. In the various Biological Opinions the Service has issued on operation 

of Jim Woodruff Lock and Dam, enumeration of flows between 5,000 cfs and 10,000 cfs, and 

percentages based on those counts, served as the performance measures. The 2012 Biological Opinion 

attributes adverse effects to listed species in the 5,000 to 10,000 cfs range. EPD was able to show that 

this is not correct. 

Using characteristics (depth of inundation and slope) identified by the Service as appropriate habitat in 

its Biological Opinions and bathymetric data the Corps collected of the Apalachicola River, EPD was able 

to derive the aggregated amount of potential habitat, suitable for fat threeridge mussels, at more than 

forty sites along the Apalachicola River, as a function of stage and flow. Contrary to the 2012 Bi,ological 

Opinion" EPD found that the maximum i)mount of aggregated mussel habitat occurs at flows much lower 

than 5,000 cfs. The result clearly indicates that the performance measure of flows between 5,000 and 

10,000 cfs as formulated by the Service is inappropriate. 

EPD staff has had personal communications with Service staff on field investigations offat threeridge 

mussels and their habitat. It is EPD staffs understanding that large areas of habitat and large 

populations of the endangered mussels have been found when flow was roughly 5,000 cfs. The density 

of the mussels in the surveyed habitat indicated a newly estimated population to be between 5 and 6 

million, several times the original estimate thus, the latest study identifying both large amounts of 

habitat and large populations of mussels does not support that there are any gains associated with flows 

above 5,000 cfs. Another prospect of this finding is that the abundance of the mussels makes it pos$ible 

for the Service to start a delisting process. 

Thus, Georgia suggests that the Corps should utilize this new information obtained by EPD and the 

Service and discontinue using invalid low flow performance measures in evaluating operation 

alternat,ives. 

Water Supply Performance Measures 

Some of the performance measures used in evaluating alternatives appear to be inappropriate. For 

example, in Table 4.3-12 Water Supply Performance for Water Management at Lake Lanier, Columns 3 

13 Beyond improved biological performance measures, we have also seen better performances in terms of other 
benefits across the basin, including better storage conditions in the federal .reservoirs, better recreation outcomes, 
similar hydropower benefits, and improved flow conditions at Columbus. 
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through 5 were used to compare alternatives in terms of the frequency of the reservoir being in 

different action zones. The problem is that the different alternatives have different action zone 

definitions, or the conservation storage was divided differently. How can a comparison of storage being 

in different action zones be achieved in a fair manner when the zones are divided differently? 

Hydropower Performance Measures 

EPD staff review of the hydropower power performance measures indicates potential errors in the 

calculation of capacity benefits at West Point and Walter F. George. For example, in Table 4.3·3, the 

West Point, t.owest Annual Hydropower Capacity seems to have been calculated with long-term average 

of the annual capacities, rather than the stated "lowest" annual capacity. The same was observed for 

Walter F. George (Table 4.3-4). 

Recreation Performance Measures 

There appears to be a double use of the same performance measure in evaluating the alternatives at all 

three federal reservoirs. For example, in Table 4.3-8, the Column "Number of days below WAL (1,0601 )" 

provides the same Information as in Column " Percent ohime below WAL (1,060')." The latter one 

appears to contain values in the first one divided by the length of the recreational season. In other 

words, the same standard has been applied twice in evaluating the alternatives. 

Navigation Performance Measures 

Following the Corps' descr.iption of navigation performance measures, EPD staff tried to evaluate 

alternatives provided by the Corps as well as additional ones considered by EPD staff. It was found that 

EPD staff could not replicate performances of an of the alternatives provided by the Corps. The ranking 

would have been different if staff understanding of the performance measures is correct. 

Georgia EPD encourages the Corps to share its performance measure tools with the stakeholders so the 

alternative. evaluation process is transparent and well understood. 

Alternative Ranking 

To make the alternative evaluation and ranking process transparent and fak, Georgia EPD encourages 

the Corps to put forward all of the evaluating tools and ranking sheets so all the stakeholders can verify 

the alternative evaluation process. 
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Figure 1. Simulated average daily elevation at Lake Lanier. 
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Simulated Minimum Daily Elevation at Lanier 
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Figure 2. Simulated minimum dally elevation at Lake Lanier. 
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Duration Curve of Lanier Elevation 
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Figure 3. Duration curve of simulated Lanier elevation. 
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Simulated Average Daily Elevation at West Point 
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Figure 4. Simulated average daily elevation at West Point Lake. 
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Simulated Minimum Daily Elevation at West Point 
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Figure 5. Simulated minimum dally elevation at West Point Lake. 
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Figure 6. Duration curve of simulated West Point elevation. 
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Simulated Average Daily Elevation at W. F. George 
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Figure 7. Simulated average daily elevation at Walter F. George Lake. 
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Simulated Minimum Daily Elevation at W. F. George 
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Figure 8. Simulated minimum daily elevation at Walter F. George Lake. 

30 

GA02452025 



Duration Curve of W. F. George Elevation 
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Figure 9. Duration curve of simulated W.F. George elevation. 
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Simulated Power Generation at Federal Reservoirs in GA 
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Figure 10. Simulated power generation at Federal reservoirs in Georgia. 
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Lanier Frequency of Simulated Recreational Impacts 
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Figure 11. Frequency of simulated recreational impacts at Lanier. 
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West Point Frequency of Simulated Recreational Impacts 
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Figure 12. Frequency of simulated recreational impacts at West Point. 
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W. F. George Frequency of Simulated Recreational Impacts 
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Figure 13. Frequency of simulated recreational impacts at W. F. George. 

35 

GA02452030 



250,000 
I 
I 
I 

200,000 

150,000 
vi' -u -~ 
0 

i:.:: 100,000 
I 
I 

I 

50,000 i\ I 
I 

I 
0 I 

0% 

Duration Curve of State Line Flow 

"-I'--. r---. 

10% 20% 30% 40% 50% 60% 

Frequency exceeded 

I 
-scenario c 

- PM' 

I 

I 

70% 80% 

Figure 14. Duration of simulated state line flow. 
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Figure 15. Duration of simulated state line flow (close-up). 
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Simulated Average Daily Elevation at Lanier 
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Figure 16. Simulated average daily elevation at Lanier 
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Figure 17. Simulated minimum daily elevation at Lanier 
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Figure 18. Duration curve of simulated Lanier elevation 
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Simulated Average Daily Elevation at West Point 
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Figure 19. Simulated average daily elevation at West Point Lake 
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Simulated Minimum Daily Elevation at West Point 
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Figure 20. Simulated minimum daily elevation at West Point Lake 
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Figure 21. Duration curve of simulated West Point elevation 
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Simulated Average Daily Elevation at W. F. George 
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Figure 22. Simulated average daily elevation at Walter F. George Lake 
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Simulated Minimum Daily Elevation at W. F. George 
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Figure 23. Simulated minimum dally elevation at Walter F. George Lake 
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Figure 24. Duration curve of simulated W.F. George elevation 
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Simulated Power Generation at Federal Reservoirs in GA 
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Figure 25. Simulated power generation at Federal reservoirs in Georgia 
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Figure 26, Frequency of simulated recreational impacts at Lanier 
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Figure 27. Frequency of simulated recreational impacts at West Point 
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Figure 28. Frequency of simulated recreational impacts at W. F. George 
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Figure 30. Duration of simulated state line flow (close-up) 
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Figure 31. Simulated Lake Lanier Elevations in 1940-1942 
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Figure 32. Simulated Lake Lanier Elevations in 1954-1956 
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Figure 33. Simulated Lake Lanier Elevations in 1986-1987 
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Figure 34. Simulated Lake Lanier Elevations in 1988-1989 

56 

GA02452051 



1,075 
Lake Lanier Elevation 

I ' ' ' I I I I ' ' I 
- -

- CONSERVATlON - 20NE4 - ZOf.lE2- Z•NE 9 - INACTIVE-NAA-PAA- PAA55() __ 

1,070 

~ 1,065 -C 
0 

~ 
> 
41 
ui 1,060 

1,055 

1,050 

-

I" 
I I ........_ 

r., 

,-I ~:-t -------
f 

I!'' ... --.. ...... .. .-
I ~ 

,.-r-

\'\. ' I ' ~ ~ " 1 I 
/ ' ' '--- ......__ I 

I \,. \ "'ro. J 

V ," \ "'- I 
\. I 

--- r-- \ \ --t-f~ 
\ \ J'J 
\. ...... .II 

'\. .JI' 
~ ........ 

-
I I/ .I I '--- ~ 

! .i.1-
-

i J"" 
J~......._ .I ---
"-... ~ // / ~ ~ 

-........... 
....... r--.. l I I /_ ~\_ '-

---...... --.... I , 1/ ~ .,-"' -... 
I ' I I I ''""" ~ : ~ I j r '""" ' Ii 
;U,,. J 

,___- -' I -\[' f--1.-\,t-- -
~ 

- f---

~ l\ V y 
I \\ \I 
I ' ~ ! '\'\ I 
I 

~ I 
I 

1/1/07 4/1/07 711107 10/1/ 07 1/1/08 4/1/08 7(1/08 10/1/08 1/1/09 4/1/09 7/1/09 10/1/09 

Figure 35. Simulated Lake Lanier Elevations in 2007-2009 
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Figure 36: Chattahoochee River Predicted Daily Average Dissolved Oxygen Concentration near Dog River for the NAA 
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Figure 37: Chattahoochee River Predicted Daily Average Dissolved Oxygen Concentration near Dog River for the PAA 
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Figure 38: Chattahoochee River Predicted Daily Average Dissolved oxygen Concentration near Dog River for the PAA 
(PAA 550) 
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Simulated West Point Elevation (1981) 
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Figure 39. Simulated West Point Lake elevation in 1981. 
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Simulated West Point Elevation (1986) 
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Figure 40. Simulated West Point Lake elevation in 1986. 
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Simulated West Point Elevation (2000) 
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Figure 41. Simulated West Point Lake elevation in 2000. 
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Simulated West Point Elevation (2004) 

I 

M... 
, "'-~ 

-- ,-,J 
V 

' I !\~ - . I'.. ~ ~ J,,.J -

~ 
\ I 

\ 
-

½II v·-w \ / 
V"\l l 

..., 

I 
-1-'AA- w µ - H igh-( :11rvP. I 

+--
-PAA WP Normal Curve I 

Jan-04 Feb-04 Mar-O4 Apr-04 May-04 Jun-04 Ju l-04 AUR--04 .Sep-04 Oct--04 Nov-04 Dec--04 

Figure 42. Simulated West Point Lake elevation in 2004. 
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Simulated West Point Elevation (2006) 
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Figure 43. Simulated West Point Lake elevation in 2006. 
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Simulated Lanier Elevation (198.1) 
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Figure 44. Simulated Lake Lanier elevation in 1981. 
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Simulated Lanier Elevation (2000) 
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Figure 45. Simulated Lake Lanier elevation in 2000. 
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Simulated Lanier Elevation (2004} 
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Figure 46. Simulated Lake Lanier elevation in 2004. 
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Simulated Lanier Elevation (2006) 
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Figure 47. Simulated Lake Lanier elevation In 2006. 
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Lanier Frequency of Simulated Recreait iona1I Impacts 
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Figure 48. Frequency of simulated recreational impacts at Lanier. 
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West Point Frequency of Simulated Recreational Impacts 
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Figure 49. Frequency of simulated recreational impacts at West Point. 
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West Point Discharge 
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Figure 51. 6-hour West Point Discharge for the IFR and RIOP compared to historical daily discharge for the September 2009 
flood event. 
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Figure 52. Additional system-wide drought operation resulting from navigation operation s - 1940 -1942 
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Figure 53. Additional system-wide drought operation resulting from navigation operations - 1951 

75 

GA02452070 



1 .2 

1 

0.8 

0.6 

0.4 

0.2 

0 

1/1/1954 

Impact of Navigation Operation 

-

1/1/1955 1/1/1956 

• Na vigation Window 

• Dr• }UghtTrigger w Nav 

• Dn Jught Trigger w/o Nav 

~· 
1/1/1957 

Figure 54. Additional system-Wide drought operation resulting from navigation operations - 1954 - 1957 
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Figure 55. Additional system-wide drought operation resulting from navigation operations - 1981 
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Figure 56. Additional system-wide drought operation resulting from navigation operations - 1985 
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Figure 57. Additional system-wide drought operation resulting from navigation operations -1992 
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Figure 58. Additional system-wide drought operation resulting from navigation operations - 2004 
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Figure 59. Additional system-wide drought operation resulting from navigation operations - 2006 - 2008 
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Figure 60. Additional system-wide drought operation resulting from navigation operations - 2011 
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November 12, 2009 

SUMMARY OF WATER CONSERVATION, WATER MANAGEMENT 

AND WATER EFFICIENCY PROJECTS WITH SPECIAL Focus ON 

THE LAKE LANIER/ CHATTAHOOCHEE RIVER USERS 

Introduction 

The first section is an overview of the implementation progress of the twelve water conservation 
measures in the Water Supply and Water Conservation Management Plan for all the water systems in the 
Metro Water District. The second section is information on the water management and efficiency efforts 
for water and wastewater by the water systems dependent on the Chattahoochee River and Lake Lanier. 

Metro Water District Water Supply and Water Conservation Plan 
Efforts 

Water conservation is an essential element of water resources management within the Metro Water 
Distlict. With the adoption of the 2003 Water Supply and Water Conservation Management Plan, the 
Metro Water District and its member water providers immediately began implementing the water 
conservation measures in the Plan. In May 2009, the Plan was updated and the new Plan strengthened 
existing measures and added two additional measures. The following conservation measures are 
required to be implemented by all water systems in the Metro Water Distlict. This requirement is enforced 
by the Georgia Environmental Protection Division. 

Conservation Measure 2009 Implementation Survev Results . 

1. Conservation Pricing 
Over 99% of the population in the Metro Water District is 
subject to increasing block or tiered rates. 

2. Replace Older, Inefficient Plumbing 
There are 32 toilet rebate programs offered. In the first two 

Fixtures 
years, over 28,000 toilets have been rebated and over $2 
million soent. 

In the past three years, over 10,000 pre-rinse spray valve 
3. Require Pre-rinse Spray Valve Retrofit educational brochures have been provided to restaurants 

Education Program and food service establishments in the Metro Water 
District. 

92% of the population in the Metro Water District is covered 
4. Require Sub-Meters in New Multi- by a water system that requires new multi-family buildings 

Family Buildings to sub-meter either through a local ordinance or a water 
system policy. 

5. Rain Sensor Shut-Off Switches On 
Per state law, all new in ground residential and commercial 

New Irrigations Systems 
landscape irrigation systems in the Metro Water District are 
required to have rain sensor shut-off switches. 

Currently, over 78 percent of the population is served by a 
6. Assess And Reduce Water System water provider that has a leak detection program. In 2009, 

Leakage these programs have resulted in approximately 9,000 leaks 
repaired. 
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100,000 household water audit flyers or brochures have 
7. Conduct Residential Water Audits been distributed with many more customers accessing the 

audits via websites. 

8. Distribute Low-Flow Retrofit Kits To 147,000 retrofit kits have been distributed to residential 
Residential Users users throughout the Metro Water District. 

31 water systems offer water audits to commercial 
9. Conduct Commercial Water Audits customers with an estimated 425 commercial customers 

having received audits. 

10. Implement Education And Public Over 800 education and outreach activities and 325 public 

Awareness Plan participation and involvement events were held from 2008 
to 2009. 

11. Install high efficiency toilets and urinals 
Cobb County is ahead of schedule and has replaced their in government buildings (added in 
plumbing fixtures with high efficiency toilets and urinals in 2009). Installation must begin in 2014 

and be completed by 2020. government buildings. 

12. Require new car washes to recycle 
water (added in 2009). Ordinances or Many local governments have already begun developing 
regulations must be in place by the draft ordinances and regulations for this measure. 
end of 201 o. 

Water Resources Management and Improvement Efforts of the 
Chattahoochee River/ Lake Lanier Water Systems 

The information below summarizes many of the water efficiency efforts of the water providers who rely on 

the Chattahoochee River and Lake Lanier for water supply. Included in this summary are improvements 

to water supply like building new reservoirs, increasing reservoir capacity, constructing more efficient 

water treatment plants, and infrastructure improvements. Enhancements to the wastewater treatment 

process like constructing state of the art treatment plants, upgrading existing plants, and improving 

infrastructure can also help improve water efficiency and increase return flows back to the Chattahoochee 

River or Lake Lanier. Other efforts by the water providers listed below include awards and certifications 
achieved, educational efforts, and water reuse projects. 

❖ WATER PROJECTS 
• NEW RESERVOIRS 

• Fulton County added a 490 million gallon capacity reservoir at the Atlanta-Fulton County 
Water Treatment Plant that cost an estimated $47 million. 

• City of Atlanta purchased Bellwood Quarry property in northwest Atlanta from Vulcan 
Materials Company and Fulton County. This property is planned for transformation into a 
park and it will also be the site of the City's 1.9-billion-gallon Westside drinking water 
reservoir. The total estimated cost of this project is $216 million. 

• DeKalb County increased the capacity of its reservoir to 1 billion gallons in 2005 at an 
estimated cost of $48 million. 

• Rockdale County ceased buying Lake Lanier withdrawn water from Gwinnett County in 
2003 as the Rockdale water system matured and the newly constructed Randy Poynter 
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reservoir came online. The new reservoir is anticipated to meet county water 

requirements through 2030, eliminating 6 MGD of withdrawals from Lake Lanier. 

• NEW TREATMENT PLANTS 

• Gwinnett County's Shoal Creek Filter Plant is a 75 MGD facility which began operations 
in 2004 at a cost of nearly $120 million. This facility provides more modern and water 

efficient processes than the older facility. A second raw water pump station was 

constructed at the same time as the filter plant for a cost of approximately $50 million. 
This structure allows for full redundancy in feeding two filter plants and aids in peak 
demand management. It is estimated that this filter plant saves approximately 2% of 
water produced. 

• DeKalb County completed the Scott Candler Water Treatment Plant in 2007 at an 
estimated cost of $165 million. The plant has zero discharge of process water which 
saves an estimated 4.5 MGD. 

• Forsyth County constructed the Antioch Water Treatment Plant in 2000 at a cost of 

$16.5 million. It has the capability to treat 16 MGD using up-flow sludge blanket 
clarification, ozonation, and high rate filtration. 

• City of Cumming completed a 105 MGD Redundant Raw Water Intake Facility (RRWIF) 
on Lake Lanier in 2009 at a cost of approximately $16 million. This structure allows for full 
redundancy in feeding both the City of Cumming and Forsyth County Water Treatment 
Plants and enables the City to withdraw water from Lake Lanier at lake elevations as low 

as 1024 MSL. The new RRWIF is equipped with variable frequency driven pumps which 
reduce wasted raw water discharged to a local stream by 100%. 

• MAJOR UPGRADES TO WATER TREATMENT PLANTS 
• Gwinnett County's Lanier Filter Plant was originally constructed in the 1970s. Over the 

years, the capacity of the plant has been expanded to 150 MGD. Several major 
improvements have been made at the facility to improve water efficiency. These projects 

include the addition of finished water storage capacity (which allows for multi-day 
averaging to reduce maximum day demand peaking factor from 1.67 to 1.5 extending the 
sufficiency of the filter plant capacity by two years); a residuals handling facility (which 
recovers water from residual solids prior to disposal saving approximately one MGD 

through recycle); a backwash equalization tank (which captures and returns filter 
backwash water in lieu of wasting it and saving approximately 3 MGD through recycle); 

and the replacement of the high service pumps with variable frequency drives (which 
allow more effective flow management to isolate and manage leaks). In total, these 
improvements represent an investment of over $37 million. 

• Fulton County provided $25 million in upgrades to the Atlanta-Fulton County Water 
Treatment Plant. 

• Forsyth County is currently bidding a project to expand the Antioch Water Treatment 
Plant (WTP) capacity to treat an additional 12 MGD using ZENON membrane based 
designs. The estimated cost for this project is $22 million. The County also spent 
$800,000 rehabilitating Settingdown Creek Watershed 10 Reservoir by removing 50,000 
cubic yards of silt to increase the reservoir's capacity. 

• City of Cumming's 18 MGD Dahlonega Highway Potable Water Production Facility was 
expanded in 2009 to treat 24 MGD at a cost of $6 million. 

• INFRASTRUCTUREIMPROVEMENTS 

• Cobb County sold $135 million in bonds at an AAA rating to rehab the county's water 
and sewer system in July 2009. 
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• Gwinnett County has invested in associated water projects and improvements including 

a new head chamber (which allows full redundancy in feeding two filter plants and aids in 
peak demand management); an upgrade at the original raw water pumping station (which 

provides variable frequency drives to allow more effective flow management to isolate 

and manage leaks); and site acquisition and design of a raw water storage facility (which 

will provide equalization during peak demand times). The cost of these associated 

projects brings the total investment in water production infrastructure in this decade to 

nearly $240 million. Gwinnett County has also completed the following infrastructure 

improvements: 

• Constructed or rehabilitated several distribution system storage tanks in the past 

decade with investments of nearly $20 million. 

• Since 2000, the County has expended nearly $25 million designing and constructing 

new large and replacement water transmission and distribution main projects. 

• City of Lawrenceville was approved for a DWSRF loan (through ARRA) of $990,000 
and a DWSRF subsidy of $660,000 for the extension and replacement of water mains. 

The total project cost is $1.65 million and GEFA is providing the entire amount. 
• Fulton County has implemented various infrastructure improvements including adding 

elevated storage tanks, rehabilitating filters, replacing settlers, and water main 

improvements for an estimated $49.3 million. Fulton County also replaced water meters 
throughout the system for an estimated $24.5 million. 

• City of Atlanta spent $35 million replacing older meters with Automated Meter Reading 
meters. $30 million has been spent on their valve and hydrant inspection and repair 
program. The City also has a water main replacement program that has replaced 48 
miles of distribution systems mains for a cost of $45. 7 million. The City has also 
completed the Hemphill Discharge Piping and Adamsville-Fulton Industrial transmission 
mains for a total cost of $24.1 million. 

• DeKalb County completed a raw water pump station in 2009 at an estimated cost of $38 
million and has begun the bidding process for adding a raw water transmission line that 
will cost an estimated $22 million. The County conducted a water audit that saved an 
estimated 20 million gallons for a cost of about $200,000. DeKalb County spends an 
estimated $5 -- $8 million annually on system improvements, $15 -- $25 million annually 
on system maintenance, and $5 -- $25 million on water infrastructure assumptions from 
new developments. 

• Forsyth County has spent nearly $25 million on water related infrastructure 
improvements since 2005. 

• City of Cumming was approved for a DWSRF loan (through ARRA) of $711,884 and a 
subsidy of $474,589 for modifications to the settling basins at the city's Potable Water 
Production Facility. The total project cost is $1.2 million and GEFA is providing the entire 
amount. The City recently completed construction in 2009 on rts Hendrix Road 1 MG 
elevated water storage tank at a cost of $1.8 million. The tank will enable the City to 
provide water to the northern portion of its water and sewer service area. The Mary Alice 
Park Road Water Line Replacement Project was completed in 2009 at a cost of 
$300,000. The City of Cumming installed The Highway 369 Water Line in 2008 at a cost 
of $800,000. The Highway 20 East Water Line Relocation Project was completed in 2005 
at a cost of $1 million. 

• ASSET MANAGEMENT PROGRAMS 
• Gwinnett County has developed and fully implemented an Asset Management Program 

with the overall goal to instill an asset management mindset throughout the organization. 

Prioritization of both capital and operating investments is performed in a systematic way, 

carefully weighing risks and benefits using a triple bottom line approach, balancing 
economic, ecological and social aspects for every decision. The County has expended 
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nearly $30 million since 2000 replacing small water mains and service lines with high 
failure rates as identified using asset management principles. This program has 
significantly reduced the number of annual main breaks and system leakage while 

improving customer service. 

• LEAK DETECTION PROGRAMS 
• Cobb County Water System has a leak detection program that has surveyed over 650 

miles of pipe through June 2009 for an estimated water savings of 23 million gallons. 

• Gwinnett County created a water accountability program in 2004 to minimize both real 
and apparent losses in the water system. To date, approximately $5 million has been 
spent under this program on various activities to help achieve that objective including a 
leak detection study of the entire water system, replacement of small water meters, and a 
large water meter testing effort currently underway. Additional dollars have been spent in 
meter and service line replacement over the past ten years under separate initiatives. 

• The City of Atlanta has implemented a leak detection program that includes 1) an 
ongoing meter calibration and replacement program, 2) working with intergovernmental 
departments to routinely inform the utility of standing water areas and potential leaks, 3) 
prioritizing leak repairs, 4) addressing leaks or inefficiencies in the water treatment plant, 
5) maintaining an asset management program to track aging pipes and meters with a 
schedule for planned replacement, and 6) maintaining accurate billing system records. 
Beginning in June, 2010, the Bureau of Drinking Water (BOW) will undertake a 3 year 
leak detection project that will acoustically survey all of its 2,700 mile potable water 
distribution system. The survey work will be completed under a third party contract and it 
is anticipated that all leaks will be repaired by both BOW personnel and outside 
contractors. It is anticipated that the project cost will be $3.5 Million. 

• Forsyth County has implemented a leak detection program that includes 1) an ongoing 

meter calibration and replacement program, 2) tracking aging meters and improperly 
sized meters for planned replacement, 3) installing datalogger meters (e-coder) on all 
high usage customers, and 4) working with intergovernmental departments to maintain 
accurate billing records and ensure that all meter data is entered into the system 
correctly. 

• DeKalb County has a leak detection and valve exercising program in place to detect 
leaks by survey, assist emergency repairs by properly locating the leak, and exercising 

valves so that portions of the system can be isolated for repairs in a more efficient 
manner to minimize water loss. 

❖ WASTEWATER PROJECTS 
• NEW TREATMENT PLANTS 

• Gwinnett County's F. Wayne Hill Plant is a 60 MGD state-of-the-art wastewater 

reclamation facility that is able to send 20 MGD back to the Chattahoochee River and 40 
MGD into Lake Lanier, with a pending request to EPD to increase the capacity for more 
water reclamation. The County invested approximately $1.05 billion in the two phases of 
the plant construction with an additional $250 million investment in pumping stations and 
force mains to convey flows to the plant. Gwinnett County is constructing the Yellow 
River Water Reclamation Facility, a wastewater treatment facility with 22 MGD treatment 
capability designed to replace 6 older, smaller facilities, representing a $250 -- $275 

million investment. 
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• Fulton County began construction on the new Johns Creek Environmental Campus in 

2006 and the estimated project cost is just under $137 million. The new facility is 
permitted for 15 million gallons per day and uses Membrane Biological Reactor (MBR) 
technology to meet more stringent regulatory limits than the existing Johns Creek Water 

Reclamation Facility (WRF). 
• DeKalb County is currently designing additional plants and tunnels for wastewater 

treatment; the estimated cost is $500 million. 

• Forsyth County's Fowler Water Treatment Plant (WTP) was complete in 2003 at a cost 
of $27 million. It is permitted to treat 1.25 MGD, and expandable up to 2.5 MGD with the 
addition of further membranes. 

• City of Lula was approved for a CWSRF loan (through ARRA) of $2.6 million and a 
subsidy of $6.0 million for the construction of a wastewater treatment plant. The total 
project cost is $8.6 million with GEFA providing the entire amount. 

• MAJOR UPGRADES TO TREATMENT PLANTS 
• Cobb County Water System has upgraded the wastewater facilities of R. L. Sutton 

Water Reclamation Facility (WRF), Northwest WRF. Noonday WRF, and South Cobb 
WRF. Cobb County spent an estimated $212 million on upgrades to R. L. Sutton WRF; 
$75 million on upgrades lo Noonday WRF; $10 million on upgrades to South Cobb WRF; 
$25.6 million on upgrades to Northwest WRF. 

• Fulton County spent an estimated $14.5 million in expanding Big Creek WRF for UV 
disinfection and an estimated $91.7 million in expanding the Camp Creek WRF. The 
County also spent an estimated $300,000 on upgrades to the Little River WRF. 

• City of Atlanta upgraded the R. M. Clayton Water Reclamation Facility (WRF) at a cost 
of $300 million that included the construction of new headworks, upgrading existing 
aeration basins and installing four new aeration basins with nutrient removal capability, 
10 new secondary clarifiers and 22 deep-bed sand filters, an ultraviolet disinfection 
system, and installing odor control systems. Utoy Creek was also upgraded with new 

aeration basins, an ultraviolet disinfection system, cascade post aeration, odor control, 

and a new administration building with a laboratory; the estimated cost for these projects 
is $149 million. The South River Water Reclamation Center was upgraded at a cost of 
$70 million to improve existing headworks, upgrade existing aeration basins to remove 
nutrients, add new sand filters, an ultraviolet disinfection system, post aeration, and odor 
control. A 10 MG storage facility and a 34 MG lntrenchment Creek CSO Storage Tunnel 
were constructed to increase the total storage capacity to 44 MG in the Custer Avenue 

area for an estimated cost of $40 million. 

• DeKalb County spent an estimated $250,000 on finishing its septage receiving station at 

the Snapfinger Advanced Wastewater Treatment Facility. 
• The City of Cumming expanded its 3 MGD Bethelview Road Advanced Water 

Reclamation Facility lo treat 8 MGD at a cost of $30 million in 2008. This facility is able to 
send 100% of the facility's flow back to the Chattahoochee River via Big Creek. 

• INFRASTRUCTUREIMPROVEMENTS 

• Cobb County Water System is in the middle of a 5 year capital improvement plan 
costing $650 million that includes various sewer rehab and replacement projects and 
improvements to the Chattahoochee Tunnel and South Cobb Tunnel. Cobb County spent 
an estimated $133.6 million on improvements to the Chattahoochee Tunnel. 

• Gwinnett County's Petition Sewer Program is designed to share costs between property 

owners and the County to provide sewer service to groups of residents who desire to 
connect to the public sewer system because they are experiencing septic tank failures. 
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The County has spent over $1 million since 2000 in this program to help improve water 
quality in local streams and reduce consumptive loss of water by conveying wastewater 

to be reclaimed and discharged back to waters of the State. 

• Fulton County presently has over 100 flow meters installed at various points in the 
wastewater collection system that allow the County to monitor flow patterns and generally 
assess levels of inflow and infiltration (I & I). These assessments have been used as a 
basis for prioritizing rehabilitation projects aimed at reducing the levels of I & I. Presently, 

the County is undertaking rehabilitation work in the Big Creek and Morning Creek basins, 
with an $5.5 million spent in the Morning Creek Basin. Fulton County spent approximately 
$3.1 million in 2001 on the re-use distribution system from the Cauley Creek Plant for 
irrigation water at golf courses, large irrigation users and a few residential properties. The 
County has also spent an estimated $9.5 million on infrastructure improvements including 

sewer line relocation, rehabilitation and replacement since 2007. 

• City of Atlanta spent $180 million on the 8.2-mile long Nancy Creek Tunnel that stores 

sanitary sewer overflows before they can be treated by R. M. Clayton WRF; its 
construction reduces sanitary sewer overflows by 70%. The West Area CSO Tunnel was 

approximately $250 million and designed to capture, store and convey CSO from the 
Clear Creek, Tanya rd and North Avenue CSO Basins. The West Area CSO Storage 
Tunnel is 8.5 miles long and can store up to 177 MG of overflow from a rainstorm before 
being conveyed to a dedicated CSO treatment plant for pollutant removal and ultraviolet 

(UV) disinfection. 
• DeKalb County spends an estimated $5 - $8 million annually on wastewater system 

improvements, an estimated $15 - $25 million annually in system maintenance, and an 

estimated $5 - $25 million on wastewater infrastructure assumptions from new 

developments. 

• Forsyth County has spent $41 million over the last five years extending sewer 

infrastructure. 
• City of Cumming completed the construction of several sewer infrastructure 

improvement projects in 2009. The Samples Road Pump Station, Force Main, and 
Gravity Sewer System were completed in 2009 at a cost of $1.6 million. The Cheatham 
Creek Gravity Sewer Line was installed in 2008 at a cost of $800,000. The Sawnee 
Creek Regional Wastewater Pumping Station, Force Main, and Cross-Town Gravity 

Sewer Relief Line were constructed in 2008 at a cost of $1.2 million. The Mary Alice Park 

Road Force Main and Gravity Sewer Projects were completed in 2009 at a cost of 

$300,000. 

❖ ARRA FUNDED PROJECTS 
r Cobb County was approved for a Clean Water State Revolving Fund (CWSRF) loan of $25 

million. The loan will finance the third phase of construction of a 30,000 foot sewer tunnel, 
connecting tunnels, and a 130 million gallons-per-day lift station at the South Cobb Water 

Reclamation Facility. 
r Gwinnett County was approved for a Clean Water State Revolving Fund (CWSRF) loan of $2 

million and a CWSRF subsidy of $3 million for the installation of a power generator that will be 

fueled by gas drawn from anaerobic digesters. The electricity will be used to help power the 
wastewater treatment facility. The total project cost is $5.5 million with GEFA providing $5 million 

and Gwinnett County providing $500,000. 
r Gwinnett County was approved for a Clean Water State Revolving Fund (CWSRF) loan of $6 

million and a CWSRF subsidy of $4 million for the third phase of construction of a sewer tunnel to 
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store and convey wastewater to the site of the future No Business Creek Regional Pump Station. 
The total project cost is $55 million with GEFA providing the entire amount. 

,- City of Lawrenceville was approved for a Drinking Water State Revolving Fund (DWSRF) loan 
of $990,000 and a DWSRF subsidy of $660,000 for the extension and replacement of water 
mains. The total project cost is $1.65 million with GEFA providing the entire amount. 

❖ GEFA FUNDED PROJECTS 
• COBB COUNlY: GEFA funded projects (non-ARRA) 

SOUTH COBB TUNNEL 
369 ACRE RESERVOIR (Marietta Water Authority) 
POWDER SPRINGS (Rehab Sewer) 

• FULTON COUNlY: GEFA funded projects (non-ARRA) 
EAST POINT (Leakage) 
ROSWELL (Line Construction) 
FULTON COUNlY (Water Treatment) 
VIRGINIA HIGHLANDS (Green Project) 

r GWINNETT COUNlY: GEFA funded projects (non-ARRA) 
STORM WATER (NPS) SYSTEM 

• REGIONAL WASTEWATER PUMPING STATION 
SUWANEE (Water Tank) 

❖ RE-USE PROJECTS 

J uristli<;tion 

$70 million 
$59.6 million 
$654,000 

$11.5 million 
$2.4 million 
$2 million 
$855,500 

$5 million 
$45 million 
$499,000 

Fulton County 

Fulton County has an active reuse program. The County provides up to 5 MGD 
of reuse quality water from its Cauley Creek Plant for irrigation water at golf 
courses, large irrigation users and a few residential properties. Additionally, 
Fulton County now has up to 15 MGD of reuse quality water available from the 
Johns Creek Environmental Campus; However, no distribution system yet exists 
from this facility. 

Cobb County Water 
System 

The Northwest Cobb WRF supplies reuse water to irrigate the Cobblestone Golf 
Course facility and the Acworth Sports Complex Baseball Field at the Cobb 
County Kenworth Park. The Northwest Cobb WRF is permitted to supply up to 
2.0 MGD of reuse water to the supply pond for Cobblestone and the Baseball 
Field with separate delivery lines. 

Cobb County saves 75 million gallons per year in county government water 
reuse practices and 4 water treatment facilities save approximately 8 MGD 
through reuse water for processing and cleaning. 
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In total, all Forsyth County plants provided approximately 40 million gallons of 
reuse water during July 2009. 

• The Fowler Water Reclamation Facility is permitted for 1.25 MGD and 
includes an 11-mile 20-inch reuse force main that supplies reuse irrigation 
water to a golf course, 5 County schools, a County school automated bus 
wash facility, one private school, 2 County parks, The Avenues 
commercial development, and 3 subdivision entrance features. The 
Fowler system also has 2 reuse hydrants that commercial contractors use 
to fill water trucks for construction water. 

• The Dick's Creek Water Reclamation Facility is permitted for 0.76 MGD 
and supplies reuse irrigation for a golf course, a rock quarry, a reuse 
hydrant for commercial contractors to fill water trucks for construction 
water, and landscaping for a residential development. 

• The Windermere Water Reclamation Facility is permitted for 0.55 MGD 
and provides reuse irrigation for a golf course and a County park. 

• The Manor Water Reclamation Facility is permitted for 0.5 MGD and 
provides reuse irrigation for a golf course and each residence within The 
Manor subdivision. 

The reuse pipeline to Lake Lanier is currently under construction, and upon 
completion in 2010, the County will have the ability to discharge up to 40 MGD of 
highly treated reuse water directly into Lake Lanier, very close to the County's 
point of water withdrawal. At completion, the County's investment in that reuse 
line to the lake will exceed $70 million. This effort is now a national example of 
augmenting potable supplies with reclaimed water, and has gained the attention 
of the National Academy of Sciences and others. 

Currently the reuse line provides reclaimed water to a number of golf courses 
and parks, the Gwinnett Environmental and Heritage Center, F. Wayne Hill 
Water Resources Center, McGinnis Ferry Crossing mixed use Development, the 
Mall of Georgia and the new Gwinnett Braves Stadium. Gwinnett County 
distributed 180 MG of non-potable reuse water in 2008. Other projects that could 
be considered for reclaimed water service include golf courses, sports 
arenas/complexes, parks, commercial facilities, schools, LEED Buildings, and 
other projects that are non-consumptive (e.g. cooling towers). 

The location of the exiting reuse line does limit direct connection. One alternative 
a potential customer may consider is through the Reuse Trucking Program. This 
expansion of the reclaimed water program was developed in Spring 2008 for 
potential customers who complete an online training, meet vehicle requirements 
for transporting and operating within Gwinnett County to haul reuse water for 
irrigation. When Gwinnett expanded its program to allow truck distribution, the 
response from private industry was overwhelming despite their need to train 
employees and pay for annual truck inspections and permits. 

DeKalb has almost completed their reuse feasibility study and the estimated 
costs forthe plan implementation are $30 million - $100 million. 

The City currently provides reuse water to the Chateau Elan Golf Course and 
they have nearly completed the reuse distribution system for residential irrigation 
within the Chateau Elan community. 

Reuse water is currently being sprayed at a land applied site until a consistent 
customer base can be established. 
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Both the Linwood Water Reclamation Facility (WRF) and the Flat Creek WRF 
City of Gainesville return reuse standard wastewater to Lake Lanier. This is considered "In-direct" 

reuse. 

Hall County has a reuse program that supplies irrigation quality reuse to a local 
high school athletic complex, landscape irrigation to a regional library, and 
common areas on a large development in south Hall County. The County is 

Hall County awaiting more flows to be generated to be able to provide reuse to a golf course 
in the region. Hall County is also planning a reuse system with the Master Plan 
for North Hall that will provide reuse for 41,000 acres of potential development 
as well as water supply for two reservoirs Hall County operates or will operate. 

❖ ADDITIONAL CONSERVATION EFFORTS 
Cobb County 

• The following WC programs have been implemented at a cost to the county of $688,000: 

• Cobb County has given away 10,000 home retrofit kits since 2005. 

• 5,000 1.5 gpm showerheads have been given away every October since 2005 as 
part of Cobb County's WaterSmart program's "take a shorter shower initiative". 

• Cobb County's single family toilet rebate program has replaced 2,689 1.28 gpf toilets 
at a $100 rebate and 5,1371.6 gpftoilets at a $50 rebate since 2007 with an 
estimated water savings of 20.1 million gallons a year. 

• The Commercial Toilet Valve Rebate Program has spent $1,500 on rebating toilet valves 
for an estimated 33% reduction in water use for commercial customers who participated. 

• The County has further installed low flow fixtures in all County government buildings at a 
cost of $350,000. 

• Additional programs to promote conservation include participation in WaterSense 
initiatives like Fix a Leak Week, Efficient Irrigation Month, Reduce the Seasonal Peak, 
and the Energy and Water Efficient Sales Tax Holidays. 

Gwinnett County 

• Gwinnett County water usage per meter (all usage) has actually declined 35% from 1998 
through 2008 from 400 MGD to 265 MGD. Residential demand has remained stable for 
the same 10 year period even with an annual growth of 25,000 citizens for the same 10 
year period. 

• Gwinnett County has replaced 3,527 toilets (October 2009) through the toilet rebate 
program at a total cost of $300,000. The County saves an estimated 23 million gallons 
per year as a result of these toilet retrofits. 

• The County has distributed 11,001 leak detection tablets at an estimated cost of $4,510. 
• The County has distributed 1,785 low flow retrofit kits at an estimated cost of $13,405. 

• Single family household water use decreased by nearly 20% between 2006 and 2009. 

• The Department has invested over $15 million over the past decade in various 

technologies which help to optimize operations of the water system and assist in planning 

for the future. Some of the technologies included are an advanced GIS system, water 
and wastewater hydraulic models, SCADA systems, Derceto Pumping Optimization 
Software and asset managemenUwork order systems. 

• Gwinnett County has provided pre-rinse spray valve educational material to all of its 

almost 1,800 restaurants and food service establishments. 
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DeKalb County 

• DeKalb County has replaced at least 8,514 toilets (July 31, 2009) through the toilet 
rebate program at an estimated total rebate amount of $633,436. Because of this 
program, the County has conserved over 173 million gallons of water. 

• The County adopted the Inefficient Plumbing Fixtures Replacement Ordinance on 
February 26, 2008 that requires the owners of buildings/structures constructed before 
1993 to replace all inefficient plumbing fixtures with low-flow water efficient plumbing 
fixtures upon reconnection for water service. 

• The County is reviewing and planning a revision and major upgrade for a water waste 
ordinance. 

• DeKalb County reached an agreement with the City of Dunwoody to utilize DeKalb 
County staff to enforce water ordinances in the City recorder court. 

• The County works closely with the Health Department to enforce septic tank issues by 
water shutoff until repairs are made. 

• DeKalb County has provided pre-rinse spray valve educational material to all of its 2,400 
restaurants and food service establishments. 

• DeKalb County has provided over 1,800 low flow retrofit kits to residents. 
• DeKalb County has adopted a water waste ordinance. 
City of Atlanta 

• Clean Water Atlanta (CWA) Clean Water Atlanta is the City's comprehensive, long-term 
plan to ensure clean drinking water for Atlanta, clean streams and clean wastewater 

fiows for Atlanta and its downstream neighbors. The objective of Clean Water Atlanta is 
to create the cleanest urban streams and rivers in the country within a decade. On 
October 16, 2002, Mayor Shirley Franklin announced the new Clean Water Atlanta 
initiative and unveiled a Five Point Plan for improving the city's wastewater system. The 
cost to implement Clean Water Atlanta is estimated at $3.8 billion for the four major 
program areas that include drinking water at an estimated $800 million, combined sewer 
overflow remediation at an estimated $1 billion, sanitary sewer system Improvements for 

an estimated $1 billion and water reclamation centers and other system improvements 
an estimated $1 billion. The Five-Point Plan includes the following areas: 

• Professional Management of Consent Decree Program through the Department of 
Watershed Management (DWM). The DWM is charged with planning, designing, 
constructing, operating and maintaining the City's entire system of water and 
wastewater treatment, pumping, collection and distribution, and proposed 
stormwater management facilities. 

• Reduce Flooding and Pollution Caused by Stormwater by implementing a 
stormwater utility to provide a steady and reliable source of revenue for reducing 
stormwater fiooding and pollution and maximizing the use of natural pollution­
reduction methods such as greenspace and ponds. A Stormwater Utility Master 
Plan is being developed that will outline the City's strategy for establishing the 
Stormwater Utility. 

• The Sanitary Sewer Overfiow (SSO) Consent Decree Compliance addresses 
improvements in the City's sanitary sewer system and requires the elimination of 

sanitary sewer overflows (SSOs). The City is repairing, replacing or rehabilitating 
all 2,200 miles of sewer throughout the City and implementing long-term prevention 
and maintenance strategies under "Operation Clean Sewer." Operation Clean 

Sewer is an aggressive approach to inspecting, cleaning and relining the sewer 
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system, and includes a full-scale grease management program that was launched 

in January 2003. 

• Water Quality Monitoring to Ensure Effectiveness of Clean Water Atlanta programs 

through a partnership with the U.S. Geological Survey and Southeast Waters to 
implement a comprehensive water quality monitoring plan. 

• Under the Combined Sewer Overflow (CSO) Consent Decree Compliance the City 
will implemented the refined CSO Remediation Plan, which enabled the City to 
achieve the highest water quality at the lowest cost within the shortest time frame. 
The City's CSO Plan achieves 90% separation of the City's total sewer system and 
provides for the treatment of stormwater within the combined sewer area. CS Os 

will be reduced from more than 300 to an average of 16 per year. These remaining 

overflows will be screened, disinfected and dechlorinated before discharge to a 

receiving stream. 

• The City of Atlanta has a three tier conservation rate structure for both residential and 
commercial customers. 

• The City of Atlanta has replaced 2,191 toilets (October 2009) through the toilet rebate 
program at a total cost of $181,010. The City saves an estimated 4.4 million gallons per 
year as a result of these toilet retrofits. 

• The City gives toilet valves to multi-family complexes. 

• The City of Atlanta has provided pre-rinse spray valve educational material to all of its 
almost 2,000 restaurants and food service establishments. 

• The City of Atlanta has provided over 113,000 low-flow retrofit kits to residents. 

• The City has marketed their commercial audit program to their top 200 largest water 
using customers. To date, the City has conducted seven audits. 

• The City of Atlanta SWAT (Save Water Atlanta Team) was created during the drought to 
enforce watering restrictions and conduct meter & irrigation system investigations. 

• The City is a partner with the Green Plumbers Association, EPA WaterSense, and 
WaterSmart. 

• The City of Atlanta has conducted water audits on elementary schools and is working 

with the schools to improve water efficiency. 

• The City partnered with Trees Atlanta to have the non-profit collect water resulting from 
fire hydrant flushing and use it to maintain trees on public land throughout the City. 

• The City of Atlanta will have all of their meters using automatic meter reading technology 

by 2010. This will improve the City's accuracy in reading meters and ultimately help to 
reduce the amount of non-revenue water and maximize rate payer dollars. 

Fulton County 

• Fulton County has replaced 1,440 toilets (October 2009) through the toilet rebate 

program at a total cost of $112,200. The County saves an estimated 3.6 million gallons 
per year as a result of these toilet retrofits. 

• Fulton County has provided pre-rinse spray valve educational material to almost 600 
restaurants and food service establishments. 

• Fulton County has provided over 1,600 retrofit kits to residents. 

• Fulton County offers rain barrel workshops throughout the year and, to date, over 500 
rain barrels have been given away. 

• Fulton County has reached over 20,000 people through a number of special community 
events such as Drinking Water Week, Water Conservation Day, Earth Day, Rivers Alive, 

Cool Waters, and Back to the Chattahoochee River Race and Festival. 
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Forsyth County 

• Forsyth County has replaced 67 toilets (October 2009) through the toilet rebate program 
at a total cost of $5,470. The County saves an estimated 441,000 gallons per year as a 
result of these toilet retrofits. 

• Forsyth County has provided pre-rinse spray valve educational material to all of it almost 
250 restaurants and food service establishments. 

• All Forsyth County school restrooms have been converted to waterless urinals and all 
new schools are built with waterless urinals. 

• The four Forsy1h County high schools have artificial turf on their football fields to eliminate 
the need for irrigation. 

• Forsyth County has implemented a conservation rate structure as of February of 2006. 
This structure was modified in January 2009 to further increase water conservation. 

• The County is in the process of installing 5,000 e-coder meters for its highest water 
consuming customers at an anticipated cost of $935,000 with 1,200 already installed. 
Thee-coder meters give the County the ability to monitor up to 96 days of 15-minute 
interval consumption data, which leads to accurate leak diagnostics and proactive leak 
notification. It also allows the county to easily enforce odd/even water restrictions when 
such restricts are in place. 

❖ AWARDS WON 
• City of Atlanta 

2008 Water Efficiency Leader Award to Rob Hunter (US Environmental Protection Agency) 
2007 Laboratory Analyst Award to Robert Williams (Water Environment Federation) 
Department of Watershed Management 

• 2009 Platinum Award for Utility Excellence (Association of Metropolitan Water Agencies) 
• Chattahoochee Treatment Plant 

• 2007 Water Fluoridation Quality Award (Center of Disease Control) 

2001 Gold Award for Competiveness Achievement (Association of Metropolitan Water 
Agencies) 

R. M. Clayton 

• 2001 Discharge Monitoring Report Quality Assurance Program Study 21 Letter 
Recognition (US EPA) 

Utoy Creek Water Reclamation Center 

• 2003 Safety Award (Water Environment Federation) 

• L.E.E.D. certified Administration Building 

• National Environmental Laboratory Accreditation Program (US EPA) 
Nancy Creek Tunnel 

• 2007 Public Works Project of the Year (American Public Works Association) 

• 2006 Outstanding Civil Engineering Achievement Award, Large Project category 
(American Society of Civil Engineers) 

• Fulton County 

The Atlanta-Fulton County Water Treatment Plant: 

• 2007 "Star Award" (U. S. Department of Occupational Safety and Health Administration's 
Voluntary Protection Program) 
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• 2006 Distinguished Public-Private Partnership Service Award (National Council for 
Public-Private Partnership) 

• 2006 Partnership for Safe Drinking Water (American Water Works Association) 

• 2006 Georgia Wide Optimization Program Award (Georgia Environmental Protection 
Division) 

• 2006 Safety Award in the Surface Water Category (GA/AWWA and Georgia Association 
of Water Professionals) 

• 2006 Georgia Department of Labor Award of Excellence 
2009 Outstanding Operation of Wastewater Facility Greater than 10.0 MGD (Georgia 
Association of Water Professionals) 

2008 Plant of the Year for Big Creek WTP (Georgia Association of Water Professionals) 
Water Environment Federation - Lab Analyst of the Year Award (Marie Bah), 2006 
2004 Environmental Award Wastewater from Air and Waste Management for the Cauley 
Creek WRF from the Georgia Chapter 

2003 Operator of the Year at the Little River WTP (Georgia Association of Water 
Professionals) 

2004 and 2008 Public Education Program of the Year (Georgia Association of Water 
Professionals) 

The Presidents Volunteer Service Award 2008 
• Gwinnett County 

2009 Reclaimed Water Program Innovative Drought Relief (National Association of Counties 
Achievement Award) 

2009 Reclaimed Water Program (ARC CREATE Award/ Environmental Sustainability) 

2009 Reclaimed Water Program (ACCG County Excellence Award for Drought Relief and 
Reclaimed Water) 
F. Wayne Hill Resources Center 

• 2005 and 2008 Plant of the Year (Georgia Association of Water Professionals) 

• 2007 Honor Award for Engineering Excellence (Georgia Engineering Alliance) 
Shoal Creek Filer Plant 

• 2004 and 2007 Plant of the Year (Georgia Association of Water Professionals) 
Jackson Creek Water Reclamation Facility 

• 2001 and 2002 Plant of the Year (Georgia Water & Pollution Control Association) 

2007 Cross Connection Control Program of the Year (Georgia Association of Water 
Professionals) 

2003 Public Education Award Program of the Year (Georgia Association of Water 
Professionals) 

2000 Water Resources Project of the Year (Georgia Water & Pollution Control Association) 
2000 Gwinnett County Department of Water Resources Outstanding Operations (Georgia 
Water & Pollution Control Association) 

)""" Cobb County Water System 

2008 EPA WaterSense Large Promotional Partner of the Year 

2007 Fox McCarthy Water Wise Award For an Outstanding Water Efficiency Program 
(Georgia Association of Water Professionals) 

2002 and 2006 Public Education Program of the Year Award For an Exemplary Public 
Education Program that promotes understanding of the water and wastewater industry and 
the importance of protecting our water resources (Georgia Association of Water 

Professionals in 2006 and Georgia Water & Pollution Control Association in 2002) 
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2006 Achievement Award In recognition of an innovative program which contributes to and 

enhances county government in the United States - Cobb County Georgia Water Efficiency 
Program (National Association of Counties) 

2000, 2002, 2004 and 2006 Award for Outstanding Operation of a Water Distribution System 
In the category of Large Systems (Georgia Water & Pollution Control Association) 
2000, 2003. 2006 and 2008 Wastewater Collections Award For Outstanding Operation of a 
Wastewater Collection System In the category of Large Systems (Georgia Association of 
Water Professionals and Georgia Water & Pollution Control Association) 
The Chattahoochee Tunnel 

• 2006 State Award for Engineering Excellence (The American Council of Engineering 
Companies of Georgia and the Georgia Engineering Alliance) 

• 2005 Outstanding Civil Engineering Achievement of the Year (The American Society of 
Civil Engineers, Georgia Section) 

South Cobb Water Reclamation Facility 

• 2003 and 2005 Plant of the Year Facility Award For Outstanding Operation of a 
Wastewater Treatment Facility in the category of Advanced Treatment Greater than 10.1 
MGD (Georgia Water & Pollution Control Association) 

• 2003 National Clean Water Act Recognition Award For a facility in Advanced Treatment 
Category greater than 10 MGD (Environmental Protection Agency) 

Northwest Water Reclamation Facility 

• 2002, 2003, 2005 Plant of the Year Facility Award For Outstanding Operation of a 
Wastewater Treatment Facility in the category of Advanced Treatment Less than 1 O 
MGD (Georgia Water & Pollution Control Association) 

R.L. Sutton Water Reclamation Facility 

• 2002 and 2004 Plant of the Year Facility Award For Outstanding Operation of a 
Wastewater Treatment Facility in the category of Advanced Treatment Greater than 10.1 
MGD (Georgia Water & Pollution Control Association) 

Noon Day Creek Water Reclamation Facility 

• 2001 Plant of the Year Facility Award For Outstanding Operation of a Wastewater 
Treatment Facility in the category of Advanced Treatment Greater than 10.0 MGD 
Noonday Creek WRF (Georgia Water & Pollution Control Association) 

Resolution in Appreciation of the Cobb County Water System, Cobb County-Marietta Water 
Authority, and the Marietta Board of Lights and Water (Cobb Chamber of Commerce, 
October 26, 2000) 

• Forsyth County 
Antioch Water Treatment Plant 
• 2001 Plant of the Year Facility Award for "Outstanding Operation" (Georgia Association of 

Water Professionals) 
Community Watershed Assessment Project 
• 2001 Metro Atlanta Engineers Engineering Excellence Award 
• 2000 Region IV EPA Environmental Merit Award for the 
Forsyth County Water System 
• 2001 and 2009 "Best Tasting Water" in the District (Georgia Association of Water 

Professionals) 
• 2007 Water Fluoridation Quality Award (Center for Disease Control) 
Fowler Water Reclamation Facility 
• 2006 Plant of the Year Facility Award for "Outstanding Operation" (Georgia Association of 

Water Professionals) 
• 2004 "Engineering Excellence" (Award American Council of Engineering Companies) 
Manor Water Reclamation Facility 
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• 2008 National First Place Clean Water Act Recognition Award for Operations and 
Maintenance (United States Environmental Protection Agency) 

2008 Excellence Award to Sawnee Mountain Preserve Visitors Center (Association County 
Commissions of Georgia and "Georgia Trend Magazine") 

❖ CERTIFICATIONS ACHIEVED 
, Cobb County Water System 

Water and Wastewater staff all have national and state required certifications 
2005 WaterFirst Community Designation 

• Gwinnett County 
2003 and 2008 Water First Community Designation - Department of Community Affairs 
Gwinnett County Environmental and Heritage Center - LEED Certified 2003 
AALA- Laboratory Accreditation (ongoing) 
2008 EPA WaterSense Program Partner 

• Fulton County 
American Association for Laboratory Accreditation 1996 - 2009 

• North Fulton Water Laboratory 1980 -2009 Georgia State Certified Drinking Water Lab 

• City of Atlanta 
The Administration building at the Utoy Creek Water Reclamation Center (WRC) is LEED 
certified. 

• The wastewater laboratory at the Utoy Creek WRC is certified through US EPA National 
Environmental Laboratory Accreditation Program. 

❖ EDUCATION AND OUTREACH ACTIVITIES 
• Cobb County has numerous education and outreach efforts. The County spent an estimated 

$50,000 constructing two demonstration projects that include the rain garden at the Cobb County 
Water System office and the ET Controller Test Project. They have also created ten educational 
videos on different water conservation tips like efficient irrigation, rain barrel construction, 
detecting leaks, and many others. The County also publishes bill flyers quarterly, two newsletters 
throughout the year, and a number of other educational materials like brochures and posters. The 
Cobb County Water System staff gives approximately 125 presentations a year on various water 

resources topics. Cobb estimates these education and outreach efforts to cost $25,000 a year. 

• DeKalb County publishes Water Matters in every billing cycle to provide customers information 

on water issues. DeKalb has also created numerous brochures on water conservation, Fats Oils 
and Grease (FOG), Xeriscape gardening, and other water facts. The County has also funded 
commercials, radio ads, newspaper ads, and movie ads in an effort to educate residents on water 
issues. County employees also give presentations to schools, homeowners associations, and 
special interest groups in an effort to educate their citizens. 

• Fulton County estimates that their education and outreach activities cost $500,000. One of the 
largest education projects is the demonstration rain garden located at the Atlanta-Fulton County 
Water Resources Commission's water treatment plant that educates residents on responsible 

and water-efficient landscaping. The County has produced two educational videos on water 
conservation and fats, oils, and grease (FOG). In addition to providing residents with brochures 
created by the Metro Water District. the County has developed other brochures like drought 
guides, commercial water conservation tips, and how to conduct a commercial water audit. 
County employees also give at least 25 presentations a year on water issues. 
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, Gwinnett County has invested over $2 million in water conservation efforts in the past 9 years. 

Included in these costs are the development of three educational videos, 22 bill inserts, and 45 
newsletters to inform residents about water related issues. The County has also given 

approximately 285 presentations over the past ten years. One unique hands-on education 

opportunity offered by the County is the Lanier Landscaping Project at the Lanier Filter Plant. 

, City of Atlanta provides monthly bill stuffers and brochures at municipal facilities to inform 
customers of water topics. In addition to maintaining an informational website, the Watershed 

Department provides educational DVDs to the government cable station to air on City Channel 
26. The Watershed staff also give 8 - 10 presentations a year to businesses, professional 
associations, and civic groups. The City has also worked to provide two unique programs, Care 
and Conserve (leak repairs & fixture retrofits for low-income Atlantans) and the Green Plumbers 
workshops. The City has recently created Club H20, an after-school program that follows the 
Project W. E.T. curriculum to promote awareness, appreciation, knowledge and stewardship of 
water resources among elementary school students. The City also works with the Upper 
Chattahoochee Riverkeeper & the Ellachee Nature Center to implement The Floating Classroom 
education program that teaches water ecology and hands-on activities to Atlanta Public School 
students. Already in 2009, The City of Atlanta has held over 210 education and outreach events. 
This City has offered over 20 workshops in 2009 covering many topics such as leak detection and 
repair, rain barrels, and outdoor water efficiency. 

r Forsyth County provides several methods by which the public can stay informed as to water 
conservation. The Current, which is available online, is a newsletter which is designed to inform 
the community about important county topics, including water conservation and ways to become 
more involved within the local community. Keep Forsyth County Beautiful (KFCB) is an 
organization created to support the County's effort to cooperate with businesses, schools, civic 
org·anizations and citizens in order to improve beautification, reduce littering and promote 
recycling. Last year Forsyth County budgeted in excess of $200,000 for KFCB. TV Forsyth (on 
Comcast channel 23) broadcasts a variety of county meetings as well as original programming 
focused on informing citizens about the county. The channel also displays electronic bulletin 
board messages that provide infom,ation about government meetings, events, programs and 
more; including information on water conservation. EnviroScape® Classes teach about point 
source and non-point source water pollution in a typical community landscape. Build a 
Watershed activities teach how the location of building and roads can affect watershed runoff. 
The Volunteer Storm Drain Marker Program serves as a reminder about the connection between 
storm drains and local water resources. In 2008, the Rivers Alive Cleanup removed 6,450 
pounds of debris from Lake Lanier and Chattahoochee shore lines. 

❖ PUBLIC PARTICIPATION & INVOLVEMENT ACTIVITIES 
,- Cobb County is very active in involving their residents in participation activities. They offer over 

45 hands-on workshops a year covering topics from outdoor water use to how to create a rain 
barrel. Their water and wastewater facilities conduct more than 40 tours a year. The Water 
System staff is active in the school system and usually participates in over 50 school outreach 
activities a year. The County usually holds at least 5 training activities and 5 events a year. They 
have three contests which include the Allatoona Ally coloring book contest for elementary school 
students, The Rain Barrel of Fun Contest, and Mission Impossible Project for high schools in 
partnership with Cobb County Marietta Water Authority. 
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, DeKalb County has a number of activities to involve residents in water issues. They hold over 

100 workshops a year to address topics like water wise landscaping, rain barrels, and fixing 
leaks. Many plant tours and the 2007 AVWVA Annual Conference have occurred at the new Scott 
Candler treatment plant to inform residents and other interested parties about the plant. The 
County also held two symposiums on water issues in the past two years to educate DeKalb 
residents. The County staff give presentations and conduct activrties at the elementary, middle. 
and high schools. Additionally, they work to provide Xeriscape gardens at the schools and they 
hold an annual art contest for elementary school students. 

, Fulton County has an extensive public participation and activities program. They hold over 45 
workshops a year that cover topics such as water wise landscaping, rain barrels, fixing leaks, rain 
gardens, and many more. They provide an estimated 75 tours at their water treatment facility. 
They have an active school outreach program that includes library programs, summer camps, 
workshops, career day programs, and participation in the schools' programs. Additionally, the 
County has held five training activities and 25 water related festivals and events. County staff 
have also attended over 35 community events to discuss water issues. 

• Gwinnett County holds over 10 workshops each year addressing water wise landscaping, rain 

barrels, commercial water audits, and rain gardens. They have also held three festivals, nine 

water related events, and 30 training activities. They have an extensive school outreach program 

that costs an estimated $100,000 to provide school outreach activities and contests. 

• City of Atlanta held 21 community workshops in 2009 for a variety of audiences, such as the top 
100 large water users, senior citizens, and homeowners associations. The Watershed 

Department staff also attend community events and public participation activ~ies to educate 
residents. The City is also working to create a Citizen Advisory Group. The Watershed 
Department also attends the Neighborhood Planning Unit meetings to address water issues that 
the citizens might have. The City created the "Water on Wheels" van as an interactive educational 
display about water. The City has held over 75 public participation events already in 2009. The 
City is working to adopt a water waste ordinance and develop a Xeriscape demonstration garden. 

• Forsyth County held over 50 education and outreach activities and over 20 public participation 
and involvement activities in 2009. The County offered workshops and classes on rain barrels 
and held demonstrations on watersheds and stormwater run-off. The County also held classes 
and workshops on Adopt-a-Stream and organized waterway cleanups. 
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GEORGIA DROUGHT MANAGEMENT PLAN 
Preamble 

The Georgia Drought Management Plan as approved by the 
Department of Natural Resources Board on March 26, 2003 consists 
of pre-drought mitigation strategies and drought response strategies. 

Pre-drought mitigation strategies are measures designed to minimize 
the potential effect of drought. They are water conservation measures 
predominantly. 

Drought response strategies are measures or actions to be 
implemented during various stages of drought. 

The Georgia General Assembly and the Board of Natural Resources 
have previously assigned the Environmental Protection Division director 
significant drought management responsibilities and mandates. The 
director also shall have those designated responsibilities and mandates 
contained herein. 

Divisions ofDNR are required to implement provisions of this plan as 
soon as practicable. 

Non-DNR state, federal, and local agencies and other organizations 
identified herein are encouraged to implement those aspects of the 
plan identified as appropriate to the entity as soon as practicable. 
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The actions and responses contained in this document are the result of 
a collaboration of approximately 85 citizens with an interest and 
expertise in water related matters. 

These citizens represent a geographical and political cross section of 
the state, as well as a cross section of business, industry, 
environmental, and water management. 

For information about this plan, contact: 

Bob Kerr, Director 
Pollution Prevention Assistance Division, DNR 
Suite 451, 7 Martin Luther King, Jr. Dr. 
Atlanta, Ga. 30334 
404-651-5120 
404-651-5130 fx. 
bob kerr@p2ad.org (underscore between bob and kerr) 

Harold Reheis, Director 
Environmental Protection Division, DNR 
Suite 1152 East, 2 Martin Luther King, Jr. Dr. 
Atlanta, Ga. 30334 
404-656-4 713 
404-651-5778 fx 
harold reheis@mail.dnr.state.ga.us (underscore between harold and 
reheis) 
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Section 1) DROUGHT DECLARATION PROCESS 

The following is the process for declaring drought conditions and responses: 

IA): The State Climatologist's office and EPD will routinely monitor and evaluate 
stream flows, lake levels, precipitation, groundwater levels, and other climatic indicators 
that are supplied by several cooperating entities, principally the U. S. Anny Cmps of 
Engineers, the US Geological Service, and the National Drought Mitigation Center. 
These indicators reflect the health of the hydrologic system. They are referred to as 
drought indicators in this document. The indicators for each of Georgia's nine-climate 
divisions are described in section six of this document. 

Each of the nine-climate divisions has several indicators. If any one of the 
indicators in any one or more of the nine climate divisions reaches or passes a certain 
prescribed condition for two consecutive months, a preliminary evaluation by the state 
climatologist and the EPD director is triggered. 

If the preliminary evaluation indicates the possible need for a drought 
response declaration for that climate division and all or part of the relative hydrologic 
regions in and adjacent to that climate division, the director will consult with members of 
the Drought Response Committee (see IE) to determine the potential severity of the 
drought condition(s), and the expected impacts. The director, in consultation with the 
committee, will make a detennination of the appropriate level of response, if any, to be 
made. Response guidance for each level of drought severity is provided by this plan, but 
particular drought conditions may require greater or lesser responses than those contained 
herein. 

The director and, as appropriate, other members of the committee will notify 
the local RDC's, local governments and water supply providers as to the appropriate 
action to be taken. Press releases will be prepared explaining the situation and state 
response requirements. 

The State Climatologist and EPD will continue to monitor the drought 
indicators for indication of changing conditions, and will act in response to those changing 
conditions. The director will consult with the Committee as necessary and will keep the 
Committee apprised of changes in climate conditions. 

As further explained in the Drought Indicators section of this plan, as 
conditions improve a conservative approach is to be taken. All of the drought indicators 
for the climate division should be in a more favorable condition for at least four 
consecutive months before the director takes action to decrease the level of drought 
response requirements. 
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lB): Numerous agencies and organizations are tasked in this plan with some level of 
water resource or water related management responsibilities. EPD and those agencies and 
organizations shall coordinate closely and share information about their drought or water 
conservation concerns and solutions. 

1 C): The Drought Response Committee shall review this plan at least every five 
years, and after each drought event to evaluate the performance and suitability of the 
drought indicators, the effect of the pre-drought and drought responses, and to what extent 
the plan is being followed. Based .on this evaluation, 1he Committee shall make 
appropriate changes. 

lD): The pre-drought strategies contained in this plan are principally water 
conservation strategies. They should be implemented and followed at all times, not just 
during a drought situation. The DNR water conservation coordinator, as well as some 
agencies, RDC's, local governments, and water supply providers have (or will develop) 
water conservation plans. Those plans and this drought management plan should be as 
seamless and non-conflicting as possible. As water conservation plans are developed, 1hey 
should, at a minimum, reflect the pre-drought strategies of this plan as appropriate to 1hc 
responsibilities and audienee of the planning entity. As those plans are developed, they 
shall be provided to EPD. If appropriate, this plan shall be modified to reflect the 
measure(s) contained in those plans. 

lE): The director shall convene as necessary a Drought Response Committee. The 
committee membership shall include the EPD Director as convener and chair, as well as 
senior managers ofDNR's WRD, P2AD, and CRD and the water conservation 
coordinator. Also, DCA, GDOA, GEMA, GFC, GSWCC, GW &PCA, OSC, ARC, 
GUAC, USACE, USGS, USF&WS, one RDC, one NGO, and one representative 
organization each of the business co=unity and agriculture industry, shall be 
represented. 

lF): This plan recommends incentives and actions that may require funding. 
Funding requests (grants and/or appropriations) shall be developed by the participating 
agencies and supported by the committee. 
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Acronvms 

ACCG 
ARC 
CE 
CES 
CRD 
DCA 
DNR 
EPD 
FB 
GDHR 
GDOA 
GEFA 
GEMA 
GEP 
GFA 
GFC 
GMA 
GRWA 
GSWCC 
GUAC 
:\1E 
NGO 
osc 
P2AD 
RDC 
UGA 
USACE 
USFWS 
USG 
USGS 
WRD 
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Section 2): Agencies and organizations: 

Association County Commissioners of Georgia 
Atlanta Regional Commission 
Cooperating Entities 
Cooperative Extension Service 
Coastal Resources Division, Georgia Department of Natural Resources 
Department of Community Affairs 
Department of Natural Resources 
Environmental Protection Division, Georgia Department of Natural Resources 
Fann Bureau 
Georgia Department of Human Resources 
Georgia Department of Agriculture 
Georgia Enviro=cntal Facilities Authority 
Georgia Emergency Management Agency 
Georgia Environmental Partnership 
Georgia Forestry Association 
Georgia Forestry Commission 
Georgia Municipal Association 
Georgia Rural Water Association 
Georgia Soil and Water Conservation Commission 
Georgia Urban Agriculture Coalition 
Marine Extension 
Non-Government Organization 
Office of the State Climatologist 
Pollution Prevention Assistance Division, Georgia Department of Natural Resources 
Regional Development Center(s) 
University of Georgia 
U.S. Anny Corps of Engineers 
U.S. Fish and Wildlife Service 
University System of Georgia 
U.S. Geologic Survey 
Wildlife Resources Division, Georgia Department of Natural Resources 
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GEORGIA DROUGHT MANAGEMENT PLA.i"\I 

PRE-DROUGHT STRATEGIES AND DROUGHT RESPONSES 
SECTION 3 - PRE-DROUGHT STRATEGIES 

"Pre-drought strategies" are longer-term actions, implemented before a drought,for the 
purposes of preparedness, mitigation, monitoring, and conservation. "Drought responses" 
are shorter-term actions, implemented during a drought, according to the level of drought 
severity. 

Section 3A: .MUNICIPAL AND J:NDUSTRIAL-PRE-DROUGHT STR,\TEGIES 

1. State actions 

• Fonnalize the Drought Response Co=ittcc as a means of expediting 
communications among state, local, and federal agencies and non-governmental 
entities. [EPD, OSC, CE] 

Establish a drought communications system between the state and local governments 
and water systems. [EPD, OSC] 

• Provide guidance to the local governments and water supply providers on long-term 
water supply, conservation and drought contingency planning. [DNR, EPD] 

Review the local governments and water supply providers' conservation and drought 
contingency plans. [EPD] 

Work with the golf course and turf industry to establish criteria for drought-tolerant 
golf courses. [EPD, P2AD] 

Encourage water re-use as opposed to additional withdrawals of raw water. [EPD, 
P2AD] 

Work with local water systems to provide water efficiency education for industry & 
business. [P2AD, CES] 

Through the Georgia Environmental Partnership, conduct voluntary water audits for 
businesses that use water for production of a product or service. [P2AD] 

Identify vulnerable water dependent industries (e.g. poultry, seafood, urban 
horticulture), and, as necessary and as funding is available, fund research to help 
detennine impacts and improve predictive capabilities. As a long-tenn strategy, 
develop programs to assist co=unities impacted by drought effects on vulnerable 
industries. [P2AD, USG, CE, GDCA] 
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Develop criteria for a voluntary certification program for landscape professionals 
(landscapers, golf course mangers, irrigation installers). [GUAC, EPD] 

The DNR water conservation coordinator is charged with developing and 
implementing a statewide water conservation program to encourage local and regional 
conservation measures. [EPD, DNR conservation coordinator, CE] 

Develop and implement an incentive program to encourage more efficient use of 
existing water supplies. [DNR, EPD, GDCA] 

At all times, including non-drought conditions, unless further restricted by the director 
or local authorities, outdoor watering shall follow the schedule specified in Section 
4A. Exemptions to such schedule will be in accordance with Section 4A. 

2. Local/regional actions 

Develop and implement a drought management and conservation plan, incorporating 
as many of the actions as are appropriate to the local or regional entity 

• Assess and classify drought vulnerability of individual water systems (e.g.,# of 
days/weeks supply remaining under certain drought conditions, water source, and soil 
moisture). 

Define pre-determined drought responses, with outdoor watering restrictions being at 
least as restrictive as the state minimum requirements listed below. 

• Establish a drought co=unications system from local governments and 
water supply systems to the public. 
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SECTION 3B: AGRICULTURE - PRE-DROUGHT STRATEGIES 

1. Farmer Irrigation Education 

Recommend that fanners attend classes in best management practices and 
conservation irrigation, prior to (i) receiving a permit, (ii) using a new irrigation 
system, or (iii) irrigating for a coming announced drought season. [EPD, OSC, CE] 

Provide for additional continuing education opportunities for farmers throughout the 
year. [CES] 

Distribute to existing permii holders and encourage the use of best management 
practices, conservation irrigation, efficient usc of irrigation systems, and the 
Cooperative Extension Service's water conservation guidelines. [EPD, P2AD, CES] 

Collaborate with Cooperative Extension Service to develop web-based information 
directly linked to Stripling Irrigation Research Park and supporting faculty, the Hooks­
Hanner Center, and other research facilities. [EPD] 

Develop electronic database for communicating with permit holders. [EPD, CE] 

Encourage the development and distribution of information on water efficient 
irrigation techniques. [EPD, P2AD, CES] 

2. Field/ Crop Type Management 

Encourage the use of more drought resistant crops, subject lo market conditions. 
[CES, CE] 

Encourage the use of innovative cultivation techniques to reduce the amount of water 
needed or lost by a crop during summer. [CES, CE] 

The appropriate agencies should conduct crop irrigation efficiency studies. 
[CES, UGA] 

Provide farmers ,,~th normal year, real time irrigation, irrigation scheduling, and crop 
evaporation/transpiration information. [EPD, OSC, CES] 

Monitor soil moisture and provide real time data to farmers. [EPD, CES, OSC] 

3. Irrigation Equipment :Management 

For new systems, encourage the installation of water efficient irrigation technology. 
[EPD, CE, CES, GSWCC] 
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For older systems, reco=end retrofitting with newer and better irrigation technology 
(e.g., travelers or water cannons replaced by spray on drops or under plastic drip 
irrigation for vegetable crops). Set goal for complete overhaul in 5 to 7 years. 
Reco=cnd updating any system over ten years old. [EPD, CE, CBS, GSWCC] 

Provide information and encourage farmers to take advantage of available financial 
incentives (tax credits, BMP cost share programs, buy-back programs, etc.) for 
retrofitting and updating older or less efficient systems. Prepare and distribute a list 
of snch incentives. [GSWCC, FB] 

Reco=end irrigation system efficiency audits every five to seven years. 
[GSWCC, CBS, EPD] 

4. Government Programs 

Improve irrigation permit data to create a high degree of confidence in the inf=ation 
on ownership, location, system type, water source, pump capacity, and acres irrigated 
for every irrigation system in Georgia. Use this information to determine which 
watersheds and aquifers will be strongly affected by agricultmal water use, especially 
in droughts. [EPD, CES] 

Improve on the agriculture irrigation water measurement and accounting statewide. 
[EPD, GSWCC] 

Improve co=unications and cooperation among farmers and relevant state and 
Federal agencies regarding available assistance during drought conditions. [EPD, 
GDOA, GSWCC, GEFA] 

Support legislation and efforts (research, loan opportunities, and infrastructure 
improvements) to enhance the ability of farmers to secure adequate water supplies 
during drought conditions. For instance, establish low interest loan program for 
construction of on-farm off-stream storage facilities (ponds for surface water 
irrigation). [EPD, DNR, GEFA, CBS, CE, GSWCC] 
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SECTION 3C: WATER QUALITY, FLORA, AND FAUNA - PRE-DROUGHT 
STRATEGIES 

1. State actions 

• Encourage all responsible agencies to promote voluntary water conservation through 
activities such as: 
0 Developing and distributing information (e.g., public service announcements) 

' 

0 

0 

' 

' 
0 

to all user groups about: 
Efficient irrigation methods and techniques, 
Efficient home water use, 
Available services (i.e., audits, literature, technical information including 

evaporation - transpiration rates, and other information). 
Recommending and explore providing for incentives, or requiring installation 
and use of automatic rain shut-off devices for irrigation systems. 
Providing for and conducting "Home and Farm Assist" water conservation 
audits. 

Encourage and explore providing for incentives for irrigation users to have 
irrigation system audits performed. 
Providing updated information and incentives for water efficient/Jow impact 
landscaping. 

Establishing conservation pricing rate structures. 
Encourage agriculture and industry to maximize water use efficiency at all 
levels of production and services. [EPD, P2AD] 

Monitor stream/low and precipitation at selected locations on critical streams [USGS, 
EPD,] 
Monitor water quality parameters, such as temperature and dissolved oxygen at 
selected critical streams [USGS, EPD] 
Provide the strcamflow and water-quality data in real time for use by drought 
managers; and work with drought managers to optimize information delivery and use 
[USGS,EPD] 

• Evaluate the impact of water withdrawals on flow patterns, and the impact of 
wastewater discharges on water quality during drought [USGS, EPD, USF&WS, 
WRD] 

• Investigate indicators and develop tools to analyze drought impacts for waterways 
such as: 
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Coastal ecosystems ( considering flows, flooding periods, salinity, and previous 
season's spawning or harvest success of sensitive species) 

Thermal refuges such as the Flint River 
Trout streams 

[CRD, WRD, ME, UGA] 
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Improve the agencies capabilities and resources to monitor land-disturbing activities 
that might result in erosion and sedimentation violations. This capability is important 
because, during drought, dry soil surfaces can increase the rate of runoff while low 
stream-flows make streams more vulnerable to the effects of storm-water runoff. 
[EPD, GSWCC, CES] 

Identify funding mechanisms and develop rescue and reintroduction protocols for 
threatened and endangered species during extreme events. [USFWS, WRD] 

• Develop and execute an effort to identify pollutant load reduction opportunities by 
wastewater discharge permit holders (i.e., below levels in wastewater discharge 
permits). These reductions will be implemented during drought flow periods as a 
voluntary commitment on the part of permit holders. [EPD] 

Develop and execute an effort to identify opportunities for industry to decrease waicr 
use during drought periods (i.e., use less water in producing products and services 
during drought, and thereby potentially reducing quantity of wastewater discharged). 
Incentives ought to be considered to encourage voluntary participation. [P2AD] 

• Evaluate the impact of water withdrawals on flow regimes and the impact of 
wastewater discharges on water quality during drought. [EPD, USGS, CE] 

• Develop and promote implementation of sustainable lawn care programs based on 
selected BMPs and/or integrated pest management practices. Educate landscape 
professionals and individual homeov.ners on proper application of pesticides and 
fertilizers and conservation of water in order to reduce effects on water quality. 
The target audiences among landscape professionals include lavm maintenance 
contractors, landscape installation contractors, golf course superintendents, 
commercial lawn care providers and retail garden centers; education could be provided 
as part of a voluntary certification program for landscape professionals (sec pre­
drought M&l strategies). [PZAD, GUAC, GDOA, UGA, CES, CE] 

• Encourage protection and restoration of vegetated stream buffers, including incentives 
for property ovmers to maintain buffers wider than fuc minimum required by state law. 
[EPD, CE] 

• Provide for protection of recharge areas through measures including land purchase or 
acquisition of casements. [EPD, CE] 

• Encourage and explore wildland fire mitigation measures (such as pre-suppression 
firebreaks, fuel reduction burning, mowing, and outdoor fire safety measures for 
homesteads and farms). [GFC, GFA] 

• Enhance programs to assist landowners and farmers wifu outdoor burning. 
[GFC, GFA] 
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PRE-DROUGHT STRATEGIES AND DROUGHT RESPONSES 
SECTION 4: DROUGHT RESPONSES 

"Pre-drought strategies" are longer-term actions, implemented before a drought, for the 
purposes ofprepared11ess, mitigatio11, mo11itoring, and conservation. "Draught responses" 
are shorter-term actions, implemented during a drought, according to the level of drought 
severity. 

Section 4A: l\UJNICIP AL A.~D INDt:STRIAL - DROUGHT RESPONSES 

1. Outdoor Watering Reduction Schedule: 

Outdoor watering other than those exempted activities is to occur only on 
scheduled days 
Prior to onset of declared drought conditions, outdoor water use can occur 
during any hours on the scheduled days. 
During declared drought conditions, outdoor water use v,,ill only be allowed 
during scheduled hours on the scheduled days. 

"Scheduled days are defined as follows": 
Odd-numbered addresses may water on Tuesdays, Thursdays, and Sundays. 
Even-numbered or unnumbered addresses may water on Mondays, 

Wednesdays, and Saturdays. 

"Scheduled weekend day is defined as follows": 
Odd-numbered addresses may water on Sundays. 
Even-numbered or unnumbered addresses may water on Saturdays. 

Schedule for Outdoor Water Use during Declared Drought Res onse Levels: 

Declared Dromrht Responses: Level One: 

Water on scheduled days - 12 midnight to 10 a.m - and - 4 p.m. to 12 midnight. 

Declared Drought Response: Level Two: 

Water on scheduled days - 12 midnight to 10 a.m. 

Declared Dromrht Response: Level Three: 

Water on scheduled weekend day - 12 midnight to 10 a.m. 

Declared Dromrht Response: Level Four: 

Complete outdoor water use ban 
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la, Landscape Irrigation - Established Landscapes 
Residential, co=ercial, industrial, gove=ental, and recreational landscapes: 

0 Established Landscapes using small capacity wells not requiring EPD water 
withdrawal permits for groundwater use are exempt from the above schedule. 
0 EPD ·will grant exemptions from the above schedule for use of recycled treated 
wastewater as determined on a case-by-case basis by EPD. 
Irrigation of personal food gardens is exempt from restrictions. 

- Irrigation oflandscapes (turf, ornarnentals, annuals, and containerized plants) follows 
declared drought response levels schedule (above). 

lb. Landscape Irrigation-Newly Installed Landscapes (in place less than 30 days) 
Residential, co=ercial, industrial, governmental, and recreational landscapes 

- Irrigation of landscapes (turf, ornamentals, annuals, and containerized plants) allowed 
any day of the week, during allowed hours for the level in effect, for a period of 30 
days following installation. After this 30-day period, irrigation of newly installed 
landscapes follows schedule for established landscapes. 

- For landscapes installed by licensed professionals, please see co=ercial exemptions 
below. 

le. Golf Courses 
Irrigation of fairways shall follow landscape irrigation schedules above, for 
unnumbered addresses. 

o Golf course using small capacity wells not requiring EPD water withdrawal . 
permits for groundwater use are exempt from the above schedule 

o EPD will grant exemptions from the above schedule for use of recycled 
treated wastewater as determined on a case-by-case basis by EPD. 

- Irrigation of greens and tees are exempt from restrictions. 

ld. Other Restricted Outdoor \Vater Uses 
Follow Basic schednle for Levels One and Two: Listed Activities are prohibited 
for Levels Three and Four. 
Filling installed swi=ing pools (except when necessary for health care or structural integrity) 

Washing vehicles, such as cars, boats, trailers, motorbikes, airplanes, golf carts 
- Washing buildings or structures (except for immediate fire protection) 

- Non-commercial fund-raisers, such as car washes 
- Using water for ornamental purposes, such as fountains, reflecting pools, and 

waterfalls (Except when necessary to support aquatic life) 
Basic schednle for Level One: Prohibited for Levels Two, Three, and Four. 
- Washing hard surfaces, such as streets, gutters, sidewalks, driveways 

(Except when necessary for public health and safety) 

Prohibited during all Levels 
Using hydrants for any purpose other than firefighting, public health, safety, or 
fiushing. 
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2: Commercial Uses Exempt from State-Mandated Outdoor Water Use Restrictions 

- Professional licensed landscapers, golf course contractors, and sports twf landscapers: 
during installation and 30 days following installation only. Professional landscapers 
must be licensed for commercial exemptions to apply. 
Irrigation contractors: during installation and as needed for proper maintenance and 

adjustments only 
Sod producers 

- Ornamental growers 
- Fruit and vegetable growers 

Retail garden centers 
Hydro-seeding 

- Power-washing 
Construction sites (e.g., to re-implement vegetation after earth moving) 
Producers of food and fiber · 
Car washes 
Other activities essential to daily business 

Prudent water management will be expected of all commercial uses. 
Note that some of these state allowed exemptions may be curtailed in drought 
response levels 3&4 by locally imposed restrictions 

3: Local and Regional Options: 

In the event of an emergency at the local water supply provider or government level, 
contact EPD and GEMA for assistance as appropriate. 

In addition to the mandated requirements outlined above, local and regional authorities 
retain the option of going beyond the State's minimum provisions and specifying 
additional pre-drought strategies or drought responses within their jurisdiction. Action 
items to consider at the local!regional level include, but are not limited to, the following: 
developing system integration and interconnection to reduce drought vulnerability, 
placing additional water use restrictions on specific commercial uses, and placing 
additional restrictions on outdoor watering. 

Water conservation and drought mitigation strategics should include conservation 
pricing. Local governments and water supply proyidcrs are strongly encouraged to 
eyaluate a number of conseryation pricing options and select the one that most 
readily satisfies their goals for water conservation. DNR's Water Conservation 
Manager, EPD and P2AD, as well as DCA, ARC and the RDC's can provide assistance in 
this effort. 

Non-conservation pricing: Defined, as decreasing or flat pricing as quantity used 
increases - should be eliminated. 
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• Conservation pricing: Defined as; 1) rates in which the unit price increases as the 
quantity used increases - or- 2) seasonal rates or excess-use surcharges to reduce peak 
demands during summer months - should replace non-conservation pricing. 

• The conservation pricing base price should be sufficient to cover the costs of operating 
and maintaining the system. Income above this amount derived from increased charges 
to heavy users should be used to fund incentive programs to effect efficiency in water 
use. 
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Section 4B: Agriculture Drought Response: 

Implement the Flint River Drought Protection Act whenever severe drought 
conditions are predicted in the Flint River Basin. Measure and improve the 
effectiveness of the protective activities called for in the Act. [EPD] 
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Section 4C: WATER QUALITY, FLORA, AND FAUNA - DROUGHT 
RESPONSES 

1. Declared Drought Response Level One: 

a. State actions 

• Maintain minimal water quality parameters by: 
0 Providing special releases from reservoirs and implementing innovative 

reservoir management to meet critical needs (e.g., alternative release patterns, 
controlling temperature of releases, changing storage purposes/authorized 
uses). (Implement only when not in violation or conflict with Federal Energy 

0 

0 

Regulatory Commission or Congressional authorizations.) 
Reducing water withdrawals through implementation of the municipal and 
industrial section of this drought management plan. 
Encouraging utilities and local governments to increase surveillance for sewer 
spills and leaks that may be more apparent as drought conditions worsen. 
[EPD, CE] 

• Implement voluntary pollutant load reduction opportunities (i.e., below levels in 
wastewater discharge permits) when flows are less than the flow upon which discharge 
permit limits were established. [EPD] 

• Implement industrial water reduction opportunities previously identified (i.e., use less 
water in producing products and services during drought, and thereby reducing 
quantity of water in waste stream). [P2AD, EPD] 

b. Local /regional actions 

• Require water conservation, building on on-going water conservation and education 
during non-drought periods and drawing on GUAC as a resource for urban irrigation. 
In addition to outdoor watering restrictions specified for M&I users, conservation­
related drought responses at the regional or local level could include: . 
0 Running public service announcements about proper watering techniques, 
frequency. 
0 Providing daily evaporation-transpiration rates for irrigation scheduling. 

• Increase fire prevention measures during drought. [GFC, GF A, CBS] 

2. Declared Drought Response Levels Two through Four 
Continue Level one measures. 

• Implement rescue and reintroduction of threatened and endangered species as 
previously identified thresholds are met. [USFWS, WRD] 

• Evaluate pre-drought protocols and enhance if necessary to minimize any future 
drought impacts to threatened and endangered species. [USFWS, WRD] 
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SECTION 5 -- DROUGHT IND I CA TORS AND TRIGGERS 
March 24, 2003 

SA): Drought Indicators: 

Drought indicators are variables that help to detect, characterize, and monitor changing climatic and 
drought conditions. This plan will use four primary indicators: precipitation, reservoir levels, 
groundwater levels, and streamflows. Indicators are selected for each of the nine climate divisions (CDs) 
in Georgia. 

CD Drought Indicators 

SPI-3, SPI-6, SPI-12 
1 Lake Allatoona 

Chattooua River at S=mcrvillc 
SPl-3, SP!-6, SPI-12 

2 
Lake. Lanier, Lake Allatoona 

Elowah River al Canlon 
Chcstatec River near Dahlonega 

SPl-3, SPI-6, SPI-12 

3 
Lake Hartwell, Clark Hill 

Droad River near Dell 
Chattahoochee River near ComcEa 

SPI-3, SPl-6, SPl-12 
4 Flint River at MontezIDna 

Groundwater Well (1) 

SPl-3, SPI-6, SPI-12 

5 
Groundwater Well (I) 

Oconee River at Dublin 
Ocmul!;!;ee River at :M:acon 

SPl-3, SPl-6, SPI-12 
6 Lake Hartwell, Clark Hill 

Ogcechee River near Eden 
SPl-3, SPI-6, SPI-12 

7 
Grou=idwal.tlr \Velis (9) 

Spring Creek near Iron City 
Ichawavoochawav Creek at Milford 

8 
SPI-3, SPI-6, SPI-12 

Alapaha River at Statcnville 

9 
SPl-3, SPI-6, SPI-12 

Satilla River at Atkinson 

PRECIPITATION Lake Hartwell 
Standardized Precipitation Index (SPI-3, 6, 12) Clark Hill 
(Precipitation during the last 3, 6, and 12 GROUNDWATER LEVELS 
months compared to 1hc same months CD4 well: 
historically) 1 lAA0l 

RESERVOIR LEVELS CDS well: 
Lake Allatoona 21 TO0l 
Lake Lanier CD7 wells: 
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131180, 12M017, 11K003, 131004, 
12K014, 10G313, 08K001, 08G001, 
09F520 

STREAMFLOWS 
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Chattooga River at Summerville (02398000) 
Etowah River at Canton (02392000) 
Chestatee River near Dahlonega (02333500) 
Broad River near Bell (02192000) 
Chattahoochee River near Cornelia (02331600) 
Flint River at Montezuma (02349500) 
Oconee River at Dublin (02223500) 
Ocmulgee River at Macon (02213000) 
Ogecchee River near Eden (02202500) 
Spring Creek near Iron City (02357000) 
Ichawaynochaway Creek at Milford (02353500) 
Alapaha River at Statenville (02317500) 
Satilla River at Atkinson (02228000) 
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SB): DROUGHT TRIGGERS 

Drought triggers are specific values of indicators that help to determine when each level 
of drought response should begin or end. This plan contains four levels of increasing severity. 
A level is triggered when an indicator value reaches a certain percentile. By using percentiles, 
multiple indicators can be compared and combined \;'itlrin a consistent framework. Additional 
triggers are developed for reservoir levels based on zones, and stream.flows based on average 
annual discharge (AAD) and monthly 7Ql0 (M7Ql0). (Analytic procedures arc described in 
Section 5C.) 

Triggers are used for both going into a drought and corning out of a drought. Note that 
triggers do not automatically invoke a level and required response. Rather, the triggers prompt 
an evaluation (described in Section IA) about the possible need to declare a certain drought 
response level and take appropriate measures. 
• Going into a drought: When anv one of the triggers for any one of the CDs is at a more 
severe level for at least two consecutive months, then an evaluation is conducted about whether 
to increase the level of response. 

Getting out of a drought: When all of the triggers for that CD are at less severe level for 
at least four consecutive months, then an evaluation is conducted about whether to decrease the 
level of response. 

Percentiles for All Triggers: 
Conditions Precipitation, Reservoir Levels, 

Groundwater Levels, Streamflows 

Level 1 0.20-0.35 
I 

I Level 2 0.10- 0.20 

I Level 3 0.05- 0.10 

Level 4 0.00 - 0.05 

Conditions Reservoirs Levels: Ruic Curves I 
: 

Level 1 < Zone 1 

Level 2 < Zonc2 i 
I 

Level 3 < Zone 3 

Level4 < Zone4 

i Conditions Streamflows: AAD / :\17QJ 0 

Level I < 80/60/50 % AAD 

Level 2 < M7Ql0 + (2/3 ) 

Level 3 <M7Ql0+(1/3 ) 

Level4 <M7QIO i 
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SC: ANALYTIC PROCEDURES FOR INDICATORS AND TRIGGERS 

The four levels of this plan were based on percentiles, relative to each month. This approach 
was designed to provide statistical comparability among indicators, temporal and spatial 
consistency, and ease of interpretation. For instance, percentiles can be related to probabilities 
of occurrence, and used to compare current conditions with historic conditions. 

The indicators were selected through an analysis of several hundred combinations, using actual 
data, to generate the triggering sequences that would have occurred historically. These 
sequences were then compared to retrospective assessments of conditions in each of the 
climate divisions, and in each of the sectors of municipal and industrial, agriculture, and 
environmental, to determine the indicators and triggers that would have performed the best for 
the periods before, during, and after a drought. 

To transform indicator data to percentiles, the following procedures were used: 
For precipitation, percentiles were calculated directly from the SPI value, which is a 

statistical Z-score, for each climate division. The SPl-3, -6, and -12 represents total 
precipitation during a 3, 6, and 12 month period, relative to those same months historically. 
Percentiles can also be determined by fitting a gamma distribution to the long-term record, and 
then determining 3, 6, and 12-month anomalies, relative to the historic record. 

For reservoir levels, percentiles were calculated using an empirical cumulative 
distribution function, which is a ranking procedure using the historic record of data, analyzed by 
each month. In addition, reservoir triggers were based on reservoir rule curves, and levels were 
associated with each of the zones. 

For groundwater, percentiles were calculated from U.S.G.S. duration analyses for 
probabilities of exceedance, using detrended data, and triggers were based on the most severe 
level for a majority of the selected wells. 

For streamflows, percentiles were calculated from empirical cumulative distribution 
functions, using long-term and equivalent records of average flow data, analyzed by each 
month. In addition to percentiles, an algorithm using average annual discharge (AAD) and 
monthly 7Q10 (M7Q10) was used for streamflow triggers. Here, delta (ii) is the difference 
between 80/60/50% AAD and M7Q10, and 80/60/50% refers to 80%AAD for January through 
April, 60%AAD for May, June, and December, and 50%AAD for July through November. 

Through evaluations of the drought plan and its performance (Section IC, ii is likely that 
indicators, trigger levels, data sources, and calculation methods may change. This drought plan 
is designed to remain flexible, and to accommodate procedures that would provide the most 
useful guidance and ability to minimize the adverse impacts of drought. 
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RULES OF 
GEORGIA DEPARTMENT OF NATURAL RESOURCES 

ENVIRONMENTAL PROTECTION DIVISION 

391-3-30-.01 Definitions 
391-3-30-.02 Applicability of Rule 

CHAPTER 391-3-30 
OUTDOOR WATER USE 

TABLE OF CONTENTS 

391-3-30-.03 Outdoor Water Use Schedule During Non-Drought Periods 
391-3-30-.04 Outdoor Water Use Schedule During Declared Drought Response Levels 
391-3-30-.05 Exemptions 
391-3-30-.06 Local and Regional Options 

391-3-30-. 01 Definitions 
When used in this Chapter: 

(1) "Address" means the "house number" (a numeric or alphanumeric designation) that, 
together with the street name, describes a physical location of a specific property. "Even 
numbered address" means a house number ending with the number Q, 2_, ~. §, ~. or no 
house number. "Odd numbered address" means a house number ending with the number 
!, ~. §, Z, or~-

(2) "Declared Drought Response Level" means one of four levels of drought that can be 
declared based on the severity of drought conditions, with one being the least severe and 
four being the most severe. 

391-3-30-.02 Applicability of Rule 

These rules apply to any entity, and its customers, permitted by the Georgia Environmental 
Protection Division (EPD) for water withdrawal or for operation of a drinking water system. 

391-3-30-.03 Outdoor Water Use Schedule During Non-Drought Periods 

( 1) Outdoor water use other than exempted activities shall occur only as follows: 

(a) Odd-numbered addresses: outdoor water use is allowed on Tuesdays, 
Thursdays and Sundays. 

(b) Even-numbered addresses: outdoor water use is allowed on Mondays, 
Wednesdays and Saturdays. 

391-3-30-.04 Outdoor Water Use Schedule During Declared Drought Response Levels 

( 1) The Director of the Environmental Protection Division is authorized to make 
drought declarations. 

Adopted 5/26/04 1 
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(2) During declared drought conditions, outdoor water use other than activities 
exempted in 391-3-30-.05, shall occur only during schedule_d hours on the scheduled 
days. · 

(3) Declared Drought Response Level One - Outdoor water use may occur on 
scheduled days within the hours of 12:00 midnight to 10:00 a.m. and 4:00 p.m. to 
12:00 midnight. 

(a) Scheduled days for odd-numbered addresses are Tuesdays, Thursdays and 
Sundays. 

(b) Scheduled days for even-numbered addresses are Mondays, Wednesdays 
and Saturdays. · 

(c) Use of hydrants for any purpose other than firefighting, public health, safety 
or flushing is prohibited. 

(4) Declared Drought Response Level Two - Outdoor water use may occur on scheduled 
days within the hours of 12:00 midnight to 10:00 a.m. 

(a) Scheduled days for odd-numbered addresses are Tuesdays, Thursdays and 
Sundays. 

(b) · Scheduled days for even-numbered addresses and golf course fairways are 
Mondays, Wednesdays and Saturdays. 

(c} The following uses are prohibited: 

1) Using hydrants for any purpose other than firefighting, public health, 
safety or flushing. 

2) Washing hard surfaces, such as streets, gutters, sidewalks and 
driveways except when necessary for public health and safety. 

(5) Declared Drought Response Level Three - Outdoor water use may occur on the 
scheduled day within the hours of 12:00 midnight to 10:00 a.m. 

Adopted 5/26/04 

(a) The scheduled day for odd-numbered addresses is Sunday. 

(b) The scheduled day for even-numbered addresses and golf course fairways is 
Saturday. 

(c) The following uses are prohibited: 

1) Using hydrants for any purpose other than firefighting, public health, 
safety or flushing. 

2) Washing hard surfaces, such as streets, gutters, sidewalks, 
driveways, except when necessary for public health and safety 

3) Filling installed swimming pools except when necessary for health 
care or structural integrity. 
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4) Washing vehicles, such as cars, boats, trailers, motorbikes, airplanes, 
golf carts. 

5) Washing buildings or structures except for immediate fire 
protection. 

6) Non-commercial fund-raisers, such as car washes. 
7) Using water for ornamental purposes, such as fountains, reflecting 

pools, and waterfalls except when necessary to support aquatic life. 

(6) Declared Drought Response Level Four - No outdoor water use is allowed, other than 
for activities exempted in 391-3-30-.05, or as the EPD Director may order. 

391-3-30-.05 Exemptions 

( 1) This rule shall not apply to the following outdoor water uses: 
(a) Capture and re-use of cooling system condensate or storm water in 

compliance with applicable local ordinances 

(b) Re-use of gray water in compliance with applicable local ordinances 

(2) The following established Jandscape water uses are exempt from the outdoor water 
use schedules of this rule. 

(a) Use of reclaimed wastewater by a designated user from a system permitted 
by EPD to provide reclaimed wastewater. 

(b) Irrigation of personal food gardens. 

(3) Newly (in place less than thirty days) installed landscapes are subject to the following: 

(a) Irrigation of newly installed landscapes is allowed any day of the week, but 
only during allowed hours for the drought response level in effect, for a period of 
30 days following installation. No watering is allowed during Drought Response 
Level Four. 

(b) For new landscapes installed by certified or licensed professionals, 
commercial exemptions apply. 

(4) The following golf course outdoor water uses are exempt from the outdoor water use 
schedules of this rule. 

Adopted 5/26/04 

(a) Use of reclaimed wastewater by a designated user from a system permitted 
by EPD to provide reclaimed wastewater. 

(b) Irrigation of fairways during times of non-drought and Declared Drought 
Response Level One. 

(c) Irrigation of tees during times of non-drought and Declared Drought 
Response Levels One, Two and Three. 

(d) Irrigation of greens. 
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(5) The following commercial outdoor water uses are exempt from the outdoor water use 
schedules of this rule. 

(a) Professionally certified or licensed landscapers, golf course contractors, and 
sports turf landscapers: during installation and 30 qays following installation 
only. Professional landscapers must be certified or licensed for commercial 
exemptions to apply. 

{b) Irrigation contractors: during installation and as needed for proper 
maintenance and adjustments only. 
(c) Sod producers. 
(d) Ornamental growers. 
(e) Fruit and vegetable growers. 
(f) Retail garden centers. 
(g) Hydro-seeding. 
(h) Power-washing. 
(i) Construction sites. 
(j) Producers of food and fiber. 
(k) Car washes. 
(I) Other activities essential to daily business. 
(m) Watering-hi of pesticides and herbicides on turf. 

391-3-30-.06 Local and Regional Options 

(1) Local and regional water.providers are authorized to implement additional outdoor 
water u·se restrictions within their jurisdictions. Action items to consider at the 
local/regional level include, but are not limited to, the following: · developing system 
ir:itegration and interconnection to reduce drought vulnerability, placing additional water 
use restrictions on specific commercial uses, putting water conservation based rates in 
place (increasing block/summer surcharge) and placing additional restrictions on outdoor 
water use. · 

(2) Local and regional water providers inay request approval of alternative days for 
outdoor water use for purposes of enforcement, peak water usage, timing of recovery 
days, and other valid reasons. Approval shall be contingent upon: 

Adopted 5/26/04 

(a) Written notification to, and.approval by, EPD of the alternate watering 
schedule; and 
(b) Enactment of a local ordinance allowing no more than 3 days a week outdoor 
watering during time(s) of day consistent with the level of drought as set forth in 
sections 391-3-30-.03 and -.04 of this rule. 
(c) Regional consistency. 
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For Immediate Release 

Georgia Department of Natural Resources 
2 Martin Luther King Jr., Dr., Suite 1152 East Tower, Atlanta, Georgia 30334 

Noel Holcomb, Commissioner 
Carol A. Couch, Ph.D., Director 

Environmental Protection Division 
( 404) 656-4713 

September 28, 2007 

CITING HISTORIC DROUGHT, GEORGIA EPD BANS MOST OUTDOOR WATER 
USE IN NORTH GEORGIA 

The director of the Georgia Environmental Protection Division (EPD) has declared a level 
four drought response across the northern third of Georgia, which prohibits most types of 
outdoor residential water use effective immediately. 

"The drought of 2007 has reached historic proportions, so it's critical that we take immediate 
action to ensure that Georgians have a sufficient supply of safe drinking water," said EPD 
Director Carol A Couch. "All of the counties included in the level four declaration are located 
in areas of either exceptional or extreme drought." 

The drought declaration was made following a meeting today of the State Drought Response 
Committee. The Committee includes representatives from several state, federal and local 
agencies, as well as universities and non-government organizations. The EPD Director, working 
with State Climatologist David Stooksbury, consults with the Committee members and then 
determines the appropriate drought response. 

"During a year of average rainfall, water levels in Georgia's large reservoirs such as Lanier 
and Allatoona tend to drop in late summer and then recover as the winter rains arrive," said State 
Climatologist Stooksbury. "But the forecast calls for a dry, mild winter and that could result in 
serious water supply problems by next spring." 

The level four drought response was declared for all counties in north Georgia from 
Muscogee County on the Alabama line northeastward to Spalding County, and eastward to 
Lincoln County on the South Carolina line. The level four drought response includes all of 
metropolitan Atlanta, Rome, Athens and Columbus, but does not include the cities of Macon and 
Augusta. Click this link for a complete list of counties included in the level four drought 
response: 

http://www.georgiaepd.com/Files PDF/news/Level 4 Counties.pdf 

Counties not on the list will remain subject to the current level two drought response. A level 
two drought response declaration limits outdoor watering to the following schedule: 

• Odd-numbered addresses may water on Tuesdays, Thursdays and Sundays-12 midnight 
to 10 a.m. 

• Even-numbered and unnumbered addresses may water on Mondays, Wednesdays and 
Saturdays-12 midnight to 10 a.m. 

FL-ACF-02640133 



Georgia Department of Natural Resources 
2 Martin Luther King Jr., Dr., Suite 1152 East Tower, Atlanta, Georgia 30334 

Noel Holcomb, Commissioner 
Carol A. Couch, Ph.D., Director 

Environmental Protection Division 
( 404) 656-4713 

A level four drought response prohibits most types of outdoor water use, although the state 
does offer some exemptions for commercial uses. However, local governments and water 
utilities may impose more stringent watering schedules, so citizens should contact their local 
water providers for more specific guidance. 

EPD Director Couch said drought conditions will continue to be monitored and revised 
drought response declarations will be issued as necessary. 

More information about the outdoor water use schedules can be found on the EPD web site 
at www.georgiaepd.com. To learn more about water conservation, please go to the EPD Water 
Conservation web site at vv,vw.conservewatergeorgia.net. Detailed information on the drought 
can be found at www.georgiadrought.org. 

News Media Contact: Kevin Chambers 
(404) 651-7970 
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Tuesday, October 23, 2007 Contact: Office of Communications 404-651-7774 

Governor Perdue Orders Utilities, Permit Holders to Reduce Water Use by 10 Percent 

EPD to direct permit holders to reduce withdrawals by 10 percent compared to last winter 

ATLANTA- Governor Sonny Perdue today directed the Georgia Environmental Protection Division (EPD) to 
modify current surface water and groundwater withdrawal and drinking water permits to achieve a 10 
percent reduction in withdrawals for permit holders in the 61 North Georgia counties covered under the 
Level 4 drought designation. Permit holders will be required to reduce water withdrawals by 1 O percent 
compared to the permit holder's water usage of the last winter season (beginning of December 2006 through 
end of March 2007). The new restrictions are effective when the EPD director notifies all permit holders in 
writing. The permit modifications apply to all non-farm permit holders. 

"In this unprecedented drought, we all have to pitch in and find ways to conserve our most precious 
resource," Governor Sonny Perdue said. "A 10 percent reduction in water use is a first step, and we will 
continue to evaluate our drought response and encourage additional conservation as needed." 

The revised permit restrictions will be in place beginning November 1 and will continue as necessary. 
Georgia EPD will enforce permit restrictions and impose fines for noncompliance. 

"Many communities already have successful conservation programs in place," said Governor Perdue. "I 
encourage all Georgians to make their dry lawns and dirty cars a badge of honor. By making individual 
conservation efforts, along with reasonable solutions from our federal government, we can collectively help 
to ensure that our water supply is sufficient." 

The 61 counties included in the Level 4 drought declaration include: Banks, Barrow, Bartow, Butts, Carroll, 
Catoosa, Chattooga, Cherokee, Clarke, Clayton, Cobb, Coweta, Dade, Dawson, DeKalb, Douglas, Elbert, 
Fannin, Fayette, Floyd, Forsyth, Franklin, Fulton, Gilmer, Gordon, Greene, Gwinnett, Habersham, Hall, 
Haralson, Harris, Hart, Heard, Henry, Jackson, Jasper, Lincoln, Lumpkin, Madison, Meriwether, Morgan, 
Murray, Muscogee, Newton, Oconee, Oglethorpe, Paulding, Pickens, Polk, Rabun, Rockdale, Spalding, 
Stephens, Towns, Troup, Union, Walker, Walton, White, Whitfield and Wilkes. 

This directive is the latest step taken to help Georgians through the worst drought in the state's history. The 
northern third of Georgia is under Level 4 drought restrictions, or a complete outdoor watering ban. 
Georgia's major federal reservoirs, such as West Point Lake and Lake Lanier, continue to dwindle as the 
U.S. Army Corps of Engineers sends billions of gallons of water downstream every day despite the impact 
their actions will have on Georgia's water supply and its citizens. 

On Saturday, October 20, Governor Perdue signed an executive order declaring a state of emergency in 85 
counties in Georgia due to the historic drought. Governor Perdue also sent a letter to President Bush 
outlining steps the state has taken to minimize the impact of the drought and emphasizing the increasingly 
severe threat to Georgia businesses, industry, economic stability and the health and safety of Georgia 
citizens. He requested President Bush to temporarily exempt the state of Georgia from the Endangered 
Species Act to reduce the flows from Georgia reservoirs and preserve Georgia's precious water resources. 

On Friday, October 19, Governor Perdue filed a motion for preliminary injunction in the Middle District of 
Florida Federal Court requiring the Army Corps of Engineers to restrict water flows from Lake Lanier and 
Georgia's federal reservoirs. 
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Georgia Department of Natural Resources 
Environmental Protection Division 
2 Martin Luther King Jr. Drive, Suite 1456, Atlanta, Georgia 30334 

Judson H. Turner, Director 
(404) 656-4713 

December 30, 2014 

MEMORANDUM 

TO: Board of Natural Resources 

FROM: 

SUBjECT: 

Judson H. Turner, Director 1± ~ 1 , 
::::::::n:I, :~o~:::: :;~~:•.r, r Out;:o, Wate~ter 391-3-30; 
Rules for Groundwater Use, Cha~r 391-3-2; and Rules for Water Quality 
Control, Chapter 391-3-6 · · 

The purpose of this briefing memo is to coordinate with the Environmental Protection Committee 
and seek input from all members of the Board on EPD's proposed Rules for Drought 
Management, Chapter 391-3-30. The proposed Rules for Drought Management would replace 
the current Rules for Outdoor Water Use (391-3-30) and the 2003 Drought Management Plan. 

EPD proposes to amend Rules 391-3-30-.01 through .06 to replace the provisions relating to 
Outdoor Water Use with provisions relating to Drought Management, and to add new Rules 
391-3-30-.07 through .08 relating to Drought Management. The new Rules for Drought 
Management are responsive to the requirement under O.C.G.A. § 12-5-8 for the DNR Board to 
adopt new rules relating to drought management, and are consistent with the provisions of 
O.C.G.A. § 12-5-7 and other Georgia Code sections charging EPD with the responsibility to 
ensure that water resources are responsibly conserved. 

In addition, small amendments to the Rules for Groundwater Use, Chapter 391-3-2, and the 
Rules for Water Quality Control, 391-3-6, are proposed to address consistency between the 
drought contingency plan requirements of these rules and the requirements of the proposed 
Rules for Drought Management. 

In preparing these proposed rules, EPD engaged various stakeholders through a series of three 
meetings on May 13, July 15, and October 22, 2014. EPD held the meetings to present 
concepts being considered for these proposed rules and to solicit input regarding those 
concepts or any specific recommendations from the stakeholders. Public comments were 
received after each stakeholder meeting, and informed the basis for these proposed rule 
amendments. 

The Division will solicit public input and hold a public hearing, and expects to present the 
following amendments to the Board for action at the March 2015 meeting. 
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Memorandum 
December 30, 2014 
Page 2 

EPD proposes the following Rules for amendment: 

RULES FOR DROUGHT MANAGEMENT, CHAPTER 391-3-30 

391-3-30, title is being amended from "OUTDOOR WATER USE" to "DROUGHT 
MANAGEMENT." 

391-3-30-.01, "Definitions." is being amended by removing these provisions of the Rules for 
Outdoor Water Use, and adding the "Purpose" of the Rules for Drought Management, which 
incorporates the purposes provided under O.C.G.A. § 12-5-8 for rules relating to drought 
m::in::igi:>mi:>nt. 

391-3-30-.02, "Applicability of Rule." is being amended by removing these provisions of the 
Rules for Outdoor Water Use, and adding the "Definitions" applicable to the Rules for Drought 
Management. 

391-3-30-.03, "Outdoor Water Use Schedule During Non-Drought Periods." is being amended 
by removing these provisions of the Rules for Outdoor Water Use, and adding the "Predrought 
Mitigation Strategies" provisions of the Rules for Drought Management. The predrought 
mitigation strategies apply during non-drought periods and are designed to minimize the 
potential effects of drought in accordance with O.C.G.A. § 12-5-8. 

391-3-30-.04, "Outdoor Water Use Schedule During Declared Drought Response Levels." is 
being amended by removing these provisions of the Rules for Outdoor Water Use, and adding 
the "Drought Indicators and Triggers" provisions of the Rules for Drought Management. 
These provisions: specify that the EPD Director monitor climatic indicators and water supply 
conditions to assess drought occurrence and severity; require the Director to periodically 
release public reports on climatic indicators and hold communications with permittees that may 
be affected by a drought response level declaration; require public water systems to notify EPD 
when their drought contingency plans are triggered; and provide that the Director may consult 
with other relevant agencies prior to making a drought response level declaration. 

391-3-30-.05, "Exemptions." is being amended by removing these provisions of the Rules for 
Outdoor Water Use, and adding the "Drought Declaration" provisions of the Rules for Drought 
Management. Under this provision, the EPD Director may declare non-drought conditions and 
various drought response levels for specified affected drought area(s), and must provide notice 
of such declarations to all permittees within the affected drought area(s). 

391-3-30-.06, "Local and Regional Options." is being amended by removing these provisions of 
the Rules for Outdoor Water Use, and adding the "Drought Response Committee" provision 
of the Rules for Drought Management. Under this provision, the EPD Director may convene 
and consult a drought response committee on the development and/or implementation of 
predrought mitigation strategies or drought response strategies. 

391-3-30-.07, "Drought Response Strategies." is a new rule that addresses the drought 
response strategies, or "measures or actions to be implemented during various stages of 
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Memorandum 
December 23, 2014 
Page 3 

Drought," that are called for under O.C.G.A. § 12-5-8. The proposed rule specifies the drought 
response strategies to be implemented during declared drought response levels, which include 
public education, outdoor water use restrictions, rate structure requirements, numeric water 
usage reduction requirements, and a menu of other practices designed to achieve water use 
reductions during periods of drought. Professional exemptions are included for certain 
businesses that rely upon water for their operations and additional restrictions are not 
practicable. 

391-3-30-.08, "Variance Requests." is a new rule that addresses the provisions of O.C.G.A. § 
12-5-7 regarding the granting by the EPD Director of variances to local governments or 
authorities that would allow them to impose restrictions on outdoor water use that are more or 
iess stringent that those specified in the drought response strategies. 

RULES FOR GROUNDWATER USE, CHAPTER 391-3-2 

391-3-2-.04, "Permit Application. Amended." is being amended in one specific provision (see 
page C-29) to ensure consistency between the drought contingency plan requirements of this 
rule and the requirements of O.C.G.A. § 12-5-7 and§ 12-5-8. These code sections require local 
governments or authorities to get a variance from EPD in order to implement restrictions on 
outdoor water use that differ from those imposed by the state. 

RULES FOR WATER QUALITY CONTROL, CHAPTER 391-3-6 

391-3-6-.07, "Surface Water Withdrawals. Amended." is being amended in one specific 
provision (see page C-39) to provide consistency between the drought contingency plan 
requirements of this rule and the requirements of O.C.G.A. § 12-5-7 and§ 12-5-8. These code 
sections require local governments or authorities to get a variance from EPD in order to 
implement restrictions on outdoor water use that differ from those imposed by the state. 

The following documents are enclosed for your review: 

• Synopsis and Statement of Rationale for Proposed 
Rules for Drought Management and Proposed 
Amendments to the Rules for Groundwater Use and 
Water Quality Control 

• Proposed Rules for Drought Protection showing 
deletions with strikeouts and additions with 
underlines 

• Proposed Amendments to the Rules for Groundwater 
Use showing deletions with strikeouts and additions 
with underlines 
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• Proposed Amendments to the Rules for Water 
Quality Control showing deletions with strikeouts and 
additions with underlines 

Thank you for your attention to these proposed rule changes. 

JHT:jac 
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SYNOPSIS 
Proposed Rules for Drought Management, Chapter 391-3-30, 

and 
Proposed Amendments to the Rules for Groundwater Use, Chapter 391-3-2, 

and the Rules for Water Quality Control, Chapter 391-3-6 

The proposed Rules for Drought Management would amend Rules 391-3-30-.01 through .06, 
replacing the Rules for Outdoor Water Use, and add Rules 391-3-30-.07 and .08. Proposed 
amendments to the Rules for Groundwater Use and Water Quality Control, Rules 391-3-2-.04 
and 391-3-6-.07, respectively, will address consistency between the drought contingency plan 
requirements of those rules and the requirements of the proposed Rules for Drought 
Management. 

Purpose: 

Main Features: 

To propose Rules for Drought Management that will replace the Rules for 
Outdoor Water Use, 391-3-30, to address the requirement under O.C.G.A. 
§ 12-5-8 for the DNR Board to adopt new rules and regulations ielating to 
drought management. 

As called for in O.C.G.A. § 12-5-8, the proposed Rules for Drought 
Management, 391-3-30, incorporate provisions for a drought response 
committee; drought indicators and triggers; a drought declaration process; 
predrought mitigation strategies designed to minimize the potential effects 
of drought; and drought response strategies to be implemented during 
various stages of drought. Narrow amendments are also proposed to the 
Rules for Groundwater Use, 391-3-2-.04, and the Rules for Water Quality 
Control, 391-3-6-.07, to ensure consistency between the drought 
contingency requirements of those rules and the provisions of the proposed 
Rules for Drought Management. 

RULES FOR DROUGHT MANAGEMENT, CHAPTER 391-3-30 

391-3-30, title is being amended from "OUTDOOR WATER USE" to "DROUGHT 
MANAGEMENT." 

391-3-30-.01, "Definitions." is being amended by removing these provisions of the Rules for 
Outdoor Water Use, and adding the "Purpose" of the Rules for Drought Management, which 
incorporates the purposes provided under O.C.G.A. § 12-5-8 for rules relating to drought 
management. 

391-3-30-.02, "Applicability of Rule." is being amended by removing these provisions of the 
Rules for Outdoor Water Use, and adding the "Definitions" applicable to the Rules for Drought 
Management. 

391-3-30-.03, "Outdoor Water Use Scheduie During Non-Drought Peiiods." is being amended 
by removing these provisions of the Rules for Outdoor Water Use, and adding the "Predrought 
Mitigation Strategies" provisions of the Rules for Drought Management. The predrought 
mitigation strategies apply during non-drought periods and are designed to minimize the 
potential effects of drought in accordance with O.C.G.A. § 12-5-8. 

391-3-30-.04, "Outdoor Water Use Schedule During Declared Drought Response Levels." is 
being amended by removing these provisions of the Rules for Outdoor Water Use, and adding 
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the "Drought Indicators and Triggers" provisions of the Rules for Drought Management. 
These provisions specify: that the EPD Director monitor climatic indicators and water supply 
conditions to assess drought occurrence and severity; require the Director to periodically 
release public reports on climatic indicators and hold communications with permittees that may 
be affected by a drought response level declaration; require public water systems to notify EPD 
when their drought contingency plans are triggered; and provide that the Director may consult 
with other relevant agencies prior to making a drought response level declaration. 

391-3-30-.05, "Exemptions." is being amended by removing these provisions of the Rules for 
Outdoor Water Use, and adding the "Drought Declaration" provisions of the Rules for Drought 
Management. Under this provision, the EPD Director may declare non-drought conditions and 
various drought response levels for specified affected drought area(s), and must provide notice 
of such declarations to all permittees within the affected drought area(s). 

391-3-30-.06; "Local and Regional Options." is being amended by removing these provisions of 
the Rules for Outdoor Water Use, and adding the "Drought Response Committee" provision 
of the Rules for Drought Management. Under this provision, the EPD Director may convene 
and consult a drought response committee on the development and/or implementation of 
predrought mitigation strategies or drought response strategies. 

391-3-30-.07, "Drought Response Strategies." is a new rule that addresses the drought 
response strategies, or "measures or actions to be implemented during various stages of 
drought," that are called for under O.C.G.A. § 12-5-8. The proposed rule specifies the drought 
response strategies to be implemented during declared drought response levels, which include 
public education, outdoor water use restrictions, rate structure requirements, numeric water 
usage reduction requirements, and a menu of other practices designed to achieve water use 
reductions during periods of drought. 

391-3-30-.08, "Variance Requests." is a new rule that addresses the provisions of O.C.G.A. § 
12-5-7 regarding the granting by the EPD Director of variances to local governments or 
authorities that would allow them to impose restrictions on outdoor water use that are more or 
less stringent that those specified in the rule. 

RULES FOR GROUNDWATER USE, CHAPTER 391-3-2 

391-3-2-.04, "Permit Application. Amended." is being amended to provide consistency 
between the drought contingency plan requirements of this rule and the requirements of 
O.C.G.A. § 12-5-7 and§ 12-5-8. These code sections require local governments or authorities 
to get a variance from the EPD Director in order to implement restrictions on outdoor water use 
that differ from those imposed in the Rules for Drought Management. 

RULES FOR WATER QUALITY CONTROL, CHAPTER 391-3-6 

391-3-6-.07, "Surface Water Withdrawals. Amended." is being amended to provide 
consistency between the drought contingency plan requirements of this rule and the 
requirements of O.C.G.A. § 12-5-7 and § 12-5-8. These code sections require local 
governments or authorities to get a variance from the EPD Director in order to implement 
restrictions on outdoor water use that differ from those imposed in the Rules for Drought 
Management. 
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STATEMENT OF RATIONALE 
Proposed Rules for Drought Management, Chapter 391-3-30, 

and 
Proposed Amendments to the Rules for Groundwater Use, Chapter 391-3-2, and the 

Rules for Water Quality Control, Chapter 391-3-6 

The Rules for Drought Management, Chapter 391-3-30, are proposed to replace the current 
Rules for Outdoor Water Use (391-3-30) and the 2003 Drought Management Plan. 
Amendments to the Rules for Groundwater Use, 391-3-2-.04, and the Rules for Water Quality 
Control, 391-3-6-.07, are proposed to address consistency between the drought contingency 
plan requirements of these rules and the requirements of the proposed Rules for Drought 
Management. 

O.C.G.A § 12-5-7(a.1)(1) establishes that persons may irrigate outdoors daily for purposes of 
planting, growing, managing, or maintaining ground cover, trees, shrubs, or other plants only 
between the hours of 4:00 p.m. and 10:00 a.m. O.C.G.A § 12-5-7(a.1)(2) lists thirteen 
exemptions from the 4:00 p.m. and 10:00 a.m. schedule described in paragraph (1). 

O.C.G.A. § 12-5-8 calls upon the DNR Board to adopt new rules relating to drought 
management, to include provisions for: a drought response committee; drought indicators and 
triggers; a drought declaration process; predrought mitigation strategies designed to minimize 
the potential effects of drought; and drought response strategies (measures or actions to be 
implemented during various stages of drought). The proposed Rules for Drought Management 
address all of these provisions and, as stated under O.C.G.A. § 12-5-8, will replace any 
previous drought management plan adopted by the Board. 

O.C.G.A § 12-5-7(a)(1) and (a)(2) provide local governments or authorities a way to request a 
variance from the state requirements under O.C.G.A § 12-5-7(a.1) and the rules promulgated 
under O.C.G.A. § 12-5-8 to be either more stringent, or less stringent, than those requirements, 
provided that they are not less stringent than 4:00 p.m. and 10:00 a.m. schedule established in 
O.C.G.A § 12-5-7(a.1)(1). 

Narrow amendments to the Rules for Groundwater Use, 391-3-2-.04, and the Rules for Water 
Quality Control, 391-3-6-.07, are proposed to ensure consistency between the drought 
contingency plan requirements of this rule and the requirements of O.C.G.A. § 12-5-7 and§ 12-
5-8. These code sections require local governments or authorities to get a variance from EPD in 
order to implement restrictions on outdoor water use that differ from those imposed by the state. 
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PROPOSED AMENDMENTS TO THE RULES 
OF THE DEPARTMENT OF NATURAL RESOURCES 

ENVIRONMENTAL PROTECTION DIVISION 
RELATING TO OUTDOOR WATER USE, CHAPTER 391-3-30 

The Rules of the Department of the Natural Resources, Chapter 391-3-30, Outdoor 
Water Use are hereby amended and revised for specific Rules, or such subdivisions 
thereof as may be indicated. 

[Note: Underlined text is proposed to be added. Lined through text is proposed to 
be deleted.] 

CHAPTER 391-3-30 OUTDOOR 'NATERUSEDROUGHT MANAGEMENT 

391-3-30-.01 DefinitionsPurpose of Rule. 

V\/hen used in this Chapter: 
(1) "Address" means the "house number" (a numerio or alphanumerio designation) that, 
together •.vith the street name, desoribes a physioal looation of a speoifio property. "Even 
numbered address" means a house number ending with the number .Q, i, 1, §, ~. or no 
house number. "Odd numbered address" means a house number ending with the 
number 1, Q, Q, Z, or ,!t. 
(2) "Deolared Drought Response Level" means one of four levels of drought that oan be 
deolared based on the severity of drought oonditions, v,ith one being the least se11ere 
and four being the most severe. 

To establish rules and regulations relating to drought management, including: provisions 
for a drought response committee; drought indicators and triggers; a drought declaration 
process: and state and local predrought mitigation strategies and drought response 
strategies. Predrought mitigation strategies are designed to minimize the potential 
effects of drought. Drought response strategies include measures or actions to be 
implemented during various stages of drought. 

Authority: O.C.G.A. §§ 12 5 90 et seq., 12 5 170 et seq. 12-5-8. 

391-3-30-.02 Applicability of RuleDefinitions. 

These rules apply to any entity, and its oustomcrs, permitted by the Georgia 
Environmental Protection Division (EPD) for water 'Nithdrmval or for operation of a 
diinking uvatcr SJ'Stem. 

When used in this Chapter: 

(1) "Affected drought area" means any area subject to a drought declaration made in 
accordance with Section 391-3-30-.05. 
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(2) "Director" means the director, or his/her designee, of the Environmental Protection 
Division of the Department of Natural Resources. 

(3) "Division" means the Environmental Protection Division of the Department of Natural 
Resources. 

(4) "Drip irrigation" means the use of an irrigation system manufactured and sold 
specifically for delivering water through small flexible pipes and emitters slowly and 
directly to the soil around the base of individual plants in a manner that minimizes 
evaporative losses, pooling, runoff and wetting of plant foliage. This type of system may 
be part of a larger automated irrigation system or may operate as a stand-alone system 
connected to a typical outdoor faucet. 

(5) "Farm uses" means irrigation of any land used for general farming, forage, 
aquaculture, pasture, turf production, orchards, or tree and ornamental nurseries; or 
provisions of water supply for farm animals, poultry farming, or any other activity 
conducted in the course of a farming operation. Farm uses shall also include the 
processing of perishable agricultural products. 

(6) "Permittee" is defined as: 

(a) Any person that holds a water withdrawal permit issued by the Director pursuant to 
the Georgia Water Quality Control Act, O.C.G.A. §12-5-20 et seq.; 

(b) Any person that holds a water withdrawal permit issued by the Director pursuant to 
the Groundwater Use Act, O.C.G.A. §12-5-90 et seq.: or 

(c) Any person that holds a permit issued by the Director pursuant to the Georgia Safe 
Drinking Water Act, O.C.G.A. §12-5-170 et seq., that uses water obtained from any 
person meeting the criteria in paragraphs (a) or (b); 

(d) Permittee does not include any person that holds a water withdrawal permit for farm 
uses. 

(7) "Public water system" means a system for the provision to the public of piped water 
for human consumption. 

(8) "Soaker hose" means a hose that is connected to a typical outdoor faucet and that is 
manufactured and sold specifically for delivering water slowly and directly to the soil 
around the base of indivirlu::il olants bv allowina water to seeo from it in a manner that 
minimizes evaporative losses, pooling, runoff and wetting of plant foliage. 

Authority: O.C.G.A. §§ 12-5-8, 12-5-20 et seq., 12-5-90 et seq., and 12-5-170 et seq. 
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391-3-30-.03 Outdoor '.'\tater Use Schedule During Non Drought 
PeriodsPredrought Mitigation Strategies. 

(1) Outdoor 'iNater use other than exempted activities shall occur only as follows: 
(a) Odd numbered addresses: outdoor 'Nater use is allo1Ned on Tuesdays, Thursdays 
and Sundays. 
(b) Even numbered addresses: outdoor ·.vater use is allowed on Mondays, VVednesdays 
and Saturdays. 

(1) During non-drought periods, irrigation outdoors for purposes of planting, growing, 
managing, or maintaining ground cover, trees, shrubs, or other plants shall be in 
accordance with O.C.G.A. §12-5-7(a.1)(1) and (2). 

(a) Persons may irrigate outdoors d~i!y for purposes of olantina. arowino. manaqing, or 
maintaining ground cover, trees, shrubs, or other plants only between the hours of 4:00 
p.m. and 10:00 a.m. 

(b) Paragraph (a) shall not create any limitation upon the following outdoor water uses: 

1. Commercial agricultural operations as defined in Code Section 1-3-3; 

2. Capture and reuse of cooling system condensate or storm water in compliance with 
applicable local ordinances and state guidelines: 

3. Reuse of gray water in compliance with Code Section 31-3-5.2 and applicable local 
board of health regulations adopted pursuant thereto: 

4. Use of reclaimed waste water by a designated user from a system permitted by the 
Environmental Protection Division of the department to provide reclaimed waste water; 

5. Irrigation of personal food gardens: 

6. Irrigation of new and replanted plant, seed, or turf in landscapes, golf courses, or 
sports turf fields during installation and for a period of 30 days immediately following the 
date of installation: 

7. Drip irrigation or irrigation using soaker hoses: 

8. Handwatering with a hose with automatic cutoff or handhold container: 

9. Use of water withdrawn from private water wells or surface water by an owner or 
operator of property if such well or surface water is on said property: 

10. Irrigation of horticultural crops held for sale, resale, or installation: 

11. Irrigation of athletic fields, golf courses, or public turf grass recreational areas; 
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12. Installation, maintenance, or calibration of irrigation systems; or 

13. Hydroseeding. 

(c) Paragraph (a) shall not create any limitation upon outdoor water uses for purposes 
other than planting, growing, managing, or maintaining ground cover, trees, shrubs, or 
other plants. 

(2) The state has already made, and continues to make, extensive investments in water 
efficiency since conservation measures play such an important role in water 
stewardship. Therefore, with the exception of the outdoor irrigation requirements in 
O.C.G.A. §12-5-?(a.1)(1) and (2) and the Drought Contingency Plans and Water 
Conservation Plans required under Rules 391-3-2-.04(11), 391-3-6-.07(4)(b)8, and 391-
3-6-.07(4)(b)9, this rule does not repeat or modify any existing predrought mitigation 
strategy or create any new predrought mitigation strategies. 

Authority: O.C.G.A. §§ 12 5 90 et.seq., 12 5 170, et. Seq., 12-5-7, 12-5-8. 

391-3-30-.04 Outdoor \"Jater Use Sohedule During Deolared Drought Response 
LevelsDrought Indicators and Triggers. 

(1) The Director of the Environmental Protection Division is authorized to make drought 
declarations. 
(2) During declared drought conditions, outdoor •.vater use other than activities 
exempted in 391 3 30 .05, shall occur only during scheduled hours on the scheduled 
day&.-
(3) Declared Drought Response Level One Outdoor water use may occur on 
scheduled days within the hours of 12:00 midnight to 10:00 a.m. and 4:00 p.m. to 12:00 
midnight. 
(a) Scheduled days tor odd numbered addresses are Tuesdays, Thursdays and 
Sundays. 
(b) Scheduled days tor even numbered addresses are Mondays, ',Nednesdays and 
Saturdays. 
(c) Use of hydrants for any purpose other than firefighting, public health, safety or 
flushing is prohibited. 
(4) Declared Drought Response Level l\vo Outdoor 1.vater use may occur on 
scheduled days 11.1ithin the hours of 12:00 midnight to 10:00 a.m. 
(a) Scheduled days for odd numbered addresses are Tuesdays, Thursdays and 

(b) Scheduled days for even numbered addresses and golf course fairways are 
Mondays, V\Jednesdays and Saturdays. 
(c) The follo11.iing uses are prohibited: 
1) Using hydrants for any purpose other than firefighting, public health, safety or 
flushing. 
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2) 'Nashing hard surfaces, such as streets, gutters, sidewalks and drive1Nays except 
'l.'hen necessary for public health and safety. 
(5) Declared Drought Response Level Three Outdoor 'Nater use may occur on the 
scheduled day ·.vithin the hours of 12:00 midnight to 10:00 a.m. 
(a) The scheduled day for odd numbered addresses is Sunday. 
(b) The scheduled day for even numbered addresses and golf course fairways is 
Saturday. 
(e) The following uses are prohibited: 
1) Using hydrants for any purpose other than firefighting, public health, safety or 
flushing. 
2) './\lashing hard surfaces, such as streets, gutters, side\.'valks, drive1.vays, except 1.vhen 
necessary for public health and safety 
3) Filling installed S'Nimming pools except when necessary for health care or structural 

4) \O.'ashing vehicles, such as cars, boats, trailers, motorbikes, airplanes, golf carts 
5) 'A'ashing buildings or structures except for immediate fire protection. 
6) Non commercial fund raisers, such as car washes. 
7) Using 'Nater for ornamental purposes, such as fountains, reflecting pools, and 
waterfalls except 1Nhen necessary to support aquatic life. 
(6) Declared Drought Response Level Four No outdoor water use is allo•Ned, other 
than for activities exempted in 391 3 30 .05, or as the EPD Director may order. 

(1) The Director shall monitor climatic indicators and water supply conditions as needed 
to assess drought occurrence and severity, and its impact upon the ability of permittees 
that are public water systems to provide adequate supplies of water and avoid or relieve 
local water shortages. Such indicators and conditions may include but may not be 
limited to the following: 

(a) Precipitation: 

(b) Streamflow; 

(c) Groundwater; 

(d) Reservoir Levels; 

(e) Soil Moisture; 

(f) Short Term Climate Predictions: 

(g) U.S. Drought Monitor; and 

(h) Water Supply Conditions. 

(2) The Division shall periodically make available to the public reports of current climatic 
indicators. These reports shall be released at least semi-annually: however, when any 
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area of the state has, for at least two consecutive months, been under severe or higher 
intensity drought conditions, as indicated by the U.S. Drought Monitor, the reports shall 
be released at least monthly. These reports shall compare current climatic conditions to 
historical levels and/or reservoir rule curves, if appropriate, for each indicator. The 
Division shall employ an adaptive approach to these reports, as resources permit, to 
pursue improvements to the drought indicators and triggers to make the reports as 
effective as possible. These reports shall include, at a minimum, the following drought 
indicators: 

(a) Precipitation: Precipitation during the prior 3, 6, and 12 months, compared to the 
same time periods historically. 

(b) Streamflow from the following United States Geological Survey gage locations: 
Chattooaa River at Summerville (02398000), Etowah River at Canton (02392000), 
Chestatee River near Dahlonega (02333500), Broad River near Bell (02192000), 
Chattahoochee River near Cornelia (02331600), Flint River at GA 26 near Montezuma 
(02349605), Oconee River at Dublin (02223500), Ocmulgee River at Macon 
(02213000), Ogeechee River near Eden (02202500), Spring Creek near Iron City 
(02357000), lchawaynochaway Creek at Milford (02353500), Alapaha River at 
Statenville (02317500), Satilla River near Waycross (02226500). 

(c) Groundwater: CD4well: 11AA01, CO5well: 21T001, CD7wells: 13L180, 12M017, 
11K003, 13J004, 12K014, 10G313, 08K001, 08G001, 09F520. 

(d) Reservoir Levels: Allatoona Lake, Lake Hartwell, Clarks Hill Lake, Lake Lanier. 

(3) Permittees that are public water systems shall notify the Division in writing within 7 
days if a trigger level in the drought contingency plan required by Rules 391-3-2-
_Q4(11)(d) or 391-3-6-.07(4)(b)9 is surpassed. The notification shall include the relevant 
drought condition(s) or event(s) such as streamflow levels, ground water levels, 
reservoir storage or levels, system demands, and/or other approved indicator(s) which 
required the notification. 

(4) Prior to making a drought response level declaration pursuant to Section 391-3-30-
.05, except for non-drought conditions, the Director shall convene a conference call, or 
similar communication medium, for all permittees for whom climatic indicators and water 
supply conditions are such that the Director is considering making a drought 
declaration. Within three business days of the Director's communication, potentially 
affected permittees may submit information to the Division regarding climatic indicators 
and/oi theii watei supply conditions. For permittees \A✓hose principa! source of \IVater 
supply is surface water, they may submit a water supply and demand analysis as 
described in 391-3-30-.08(1)(b). 

(5) During a declared drought pursuant to Section 391-3-30-.05, the Director shall 
convene a conference call, or similar communication medium, at least quarterly for all 
permittees subject to Drought Response Strategies in the affected drought area(s). The 
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purpose of this communication will be to review the latest climatic indicators and water 
supply conditions as they relate to the permittees. 

(6) Prior to making a drought response level declaration pursuant to Section 391-3-30-
.05, the Director may consult with state and federal entities charged with collecting, 
interpreting and disseminating data used as a basis for developing drought indices. 
Such agencies may include but not be limited to the following: 

(a) State Climatologist; 

(b) National Oceanic and Atmospheric Administration; 

(c) United States Geological Survey; and 

(d) United States Army Corps of Engineers. 

Authority: O.C.G.A. Secs. 12 5 90 et.seq., 12 5 170 et. seq., 12-5-8. 

391-3-30-.05 ExemptionsDrought Declaration. 

(1) This rule shall not apply to the following outdoor water uses: 
(a) Capture and re use of cooling system condensate or storm water in complianee with 
applicable local ordinances. 
(b) Re use of gray water in eompliance •.vith applicable loeal ordinances. 
(2) The follmving established landscape 1.vater uses are exempt from the outdoor water 
use schedules of this rule. 
(a) Use of reclaimed wastmNater by a designated user from a system permitted by EPD 
to provide reclaimed v1aste1Nater. 
(b) Irrigation of personal food gardens. 
(3) Newly (in place less than thirty days) installed landscapes are subject to the 
follmving: 
(a) Irrigation of newly installed landscapes is allowed any day of the 1Neek, but only 
during allowed hours for the drought response level in effect, for a period of 30 days 
follmving installation. No 1.-.iatering is allowed during Drought Response Level Four. 
(b) For nmv landscapes installed by certified or licensed professionals, commercial 
exemptions apply. 
(4) The follmving golf eourse outdoor \\'-ater uses are exempt from the outdoor v.'-ater use 
schedules of this rule. 
(a) Use of reclaimed 1Nastev1ater by a designated user from a system permitted by EPD 
to provide reclairned ;Naste;.vater. 
(b) Irrigation of fairways during times of non drought and Declared Drought Response 
Level One. 
(c) Irrigation of tees during times of non drought and Declared Drought Response 
Levels One, Tv.10 and Three. 
(d) Irrigation of greens. 
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(5) The follmving commercial outdoor 'Nater uses are exempt from the outdoor water 
use schedules of this rule. 
(a) Professionally certified or licensed landscapers, golf course contractors, and sports 
turf landscapers: during installation and 30 days follmving installation only. Professional 
landscapers must be certified or licensed for commercial exemptions to apply. 
(b) Irrigation contractors: during installation and as needed for proper maintenance and 
adjustments only. 
(c) Sod producers. 
(d) Ornamental gro·.vers. 
(e) Fruit and vegetable gro·.vers. 
(f) Retail garden centers. 
(g) Hydro seeding. 
(h) Pm'i.ier washing. 
(i) Construction sites. 
G) Producers of food and fiber. 
(k) Car ·.-.iashes. 
(I) Other activities essential to daily business. 
(m) VVatering in of pesticides and herbicides on turf. 

(1) Based upon an evaluation in accordance with Section 391-3-30-.04, the Director 
may declare non-drought conditions and various drought response levels for the 
affected drought area(s). Such declaration shall be based upon the severity of drought 
conditions and their impact on the ability of permittees that are public water systems to 
provide adequate supplies of water within the affected drought area(s) and avoid or 
relieve local water shortages. 

(2) The Director may declare non-drought conditions and drought response Level 1, 2 or 
3, with Level 1 being the least severe and Level 3 being the most severe drought 
response level. 

(3) The Director shall designate the geographical boundary of the affected drought 
area(s). The geographical delineation of a drought response level shall be based upon 
the severity of climatic indicators and condition of water supplies occurring within all or a 
portion of defined hydrologic units, counties or other areas. The drought response level 
shall apply to all permittees, except as described in subparagraph (4), within the 
affected drought area(s). 

(4) The Director may differentiate between surface water drought and ground water 
drought in any affected drought area(s). 

(5) Upon declaring a drought response level, including non-drought conditions, the 
Director shall provide notice of such declaration to all permittees and the general public 
within the affected drought area(s). At a minimum, the Director shall issue a press 
release and send each affected permittee a letter which shall include the drought 
response level and a summary of the requirements for that particular drought response 
level. 
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Authority: O.C.G.A. Secs. 12 5 90 et.seq., 12 5 170 et. seq., 12-5-8. 

391-3-30-.06 Local and Regional OptionsDrought Response Committee. 

(1) Local and regional 'Nater providers are authorized to implement additional outdoor 
water use restriotions within their jurisdiotions. Action items to consider at the 
looal/regional level include, but are not limited to, the following: developing system 
integration and interoonnection to reduce drought vulnerability, plaoing additional 'Nater 
use restrictions on speoifio oommeroial uses, putting \Vater conservation based rates in 
plaoe (inoreasing blook/summer suroharge) and plaoing additional restrictions on 
outdoor 'Nater use. 
(2) Local and regional water providers may request approval of alternative days for 
outdoor water use for purposes of enforcement, peak water usage, timing of reco1r1el)' 
days, and other valid reasons. Approval shall be contingent upon: 
(a) VVritten notifioation to, and approval by, EPD of the alternate watering sohedule; and 
(b) Enactment of a local ordinance allowing no more than 3 days a v.ieek outdoor 
watering during time(s) of day consistent with the level of drought as set forth in 
seotions 391 3 30 .03 and .04 of this rule. 
(c) Regional consistency. 

A Drought Response Committee may be convened by the Director at any time for 
purposes of consulting on the development and/or implementation of predrought 
mitigation strategies or drought response strategies and may consist of such members 
and for such period of time as the Director deems appropriate. 

Authority: O.C.G.A. Secs. 12 5 90 et.seq., 12 5 170 et. seq.,12-5-8. 

391-3-30-.07 Drought Response Strategies. 

(1) Within 5 days of receipt of notice from the Division of a drought response level 
declared pursuant to 391-3-30-.05, each permittee within an area subject to a drought 
response level declaration shall implement the applicable drought response strategies 
listed below. 

(2) Drought Response Level 1. 

(a) Public water systems shall implement a public information campaign that shall 
include, at a minimum, public notice regarding drought conditions and drought specific 
pub He-service messages in one or more of the follo'1ving "AJays: ne,l✓spaper 
advertisements, bill inserts, website homepage, social media, and notices in public 
libraries. 

(3) Drought Response Level 2. During Drought Response Level 2, permittees shall 
implement all Drought Response Level 1 measures plus the following additional 
Drought Response Level 2 measures: 
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(a) General Outdoor Watering. Outdoor irrigation for purposes of planting, growing, 
managing, or maintaining ground cover, trees, shrubs, or other plants, as described in 
391-3-30-.03(1)(a), shall be limited to two days a week on an odd-even schedule. Even 
numbered addresses may irrigate on Wednesday and Saturday between the hours of 
4:00 p.m. and 10:00 a.m. Odd numbered addresses may irrigate on Thursday and 
Sunday between the hours of 4:00 p.m. and 10:00 a.m. "Even numbered address" 
means an address number ending with the number 0, 2, 4, 6 1 8, or the site does not 
have a numbered address. "Odd numbered address" means an address ending with the 
number 1, 3, 5, 7, or 9. 

(b) The following outdoor water uses shall not be allowed, except as provided below: 

1. Washinq hard surfaces such as streets, gutters, sidewalks and driveways, except 
when necessary for public health and safety: 

2. Using water for ornamental purposes, such as fountains, reflecting pools, and 
waterfalls: 

3. Use of fire hydrants, except for the purposes of firefighting, public health, safety, or 
flushing: 

4. Washing vehicles, such as cars, boats, trailers, motorbikes, airplanes, or golf carts; 

5. Non-commercial washing, or pressure washing, of buildings or structures, except for 
immediate fire protection: and 

6. Charity, or non-commercial fund-raiser, car washes. 

(c) Permittees that are public water systems shall select and implement four, or more, 
additional practices from the Drought Response Strategies Menu in paragraph (5). 
Such permittees shall submit monthly reports to the Division by the 10th of each 
following month detailing the drought response strategies the system has selected, the 
extent of implementation, and enforcement strategy, if applicable. 

(4) Drought Response Level 3. During Drought Response Level 3, permittees shall 
implement all Drought Response Level 1 and 2 measures plus the following additional 
Drought Response Level 3 measures: 

(a) General Outdoor VVaterinq. Outdoor irrigation for purposes of plantinq, qrowina. 
managing, or maintaining ground cover, trees, shrubs, or other plants, as described in 
391-3-30-.03(1)(a). is not permitted. 

(b) Specific Categories of Outdoor Water Use. The outdoor water uses listed in 391-3-
30-.03(1)(b) shall be allowed, subject to the following additional requirements: 
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1. Irrigation of personal food gardens shall be conducted between the hours of 4:00 
p.m. and 10:00 a.m., unless done using drip irrigation or soaker hoses. Irrigation of 
personal food gardens using drip irrigation or soaker hoses may be done at any time: 

2. Irrigation of new and replanted plant, seed, or turf in landscapes, golf courses, or 
sports turf fields may be conducted at any time of day during installation and a 
maximum of 15 minutes every three hours for each zone for a period of 30 days 
immediately following the date of installation. The 15 minute duration may be extended 
and/or the three hour frequency may be shortened if a professional landscaper is onsite 
and determines that such adjustment is necessary to keep the plant, seed, or turf moist 
during the initial establishment period; 

3. Handwatering with a hose with automatic cutoff or handheld container may be 
conducted betv,een the hours of 4:00 p.m. and 10:00 ::1.m.; 

4. Irrigation of athletic fields or public turf grass recreational areas may be conducted 
between the hours of 4:00 p.m. and 10:00 a.m., subject to the two days a week odd­
even schedule described in Drought Response Level 2; 

5. Irrigation of golf courses shall be conducted in accordance with the "Golf Irrigation 
Prediction and Estimation Worksheet" and only between the hours of 4:00 p.m. and 
10:00 a.m., provided, however, irrigation of golf course greens may occur at any time of 
day; 

6. Use of reclaimed waste water by a designated user from a system permitted by the 
Division to provide reclaimed waste water shall not be allowed for general outdoor 
watering as described in 391-3-30-.03(1)(a). It shall be allowed for any use described in 
391-3-30-.03(1)(b) subject to the limitations in 391-3-30-.07(4)(b); 

7. Installation, maintenance, or calibration of irrigation systems is allowed, provided that 
it is done by professional landscapers. 

(c) Permittees that are public water systems shall implement all practices from the 
Drought Response Strategies Menu in paragraph (5). 

(d) Rate Structures. Within 1 year of the effective date of this Rule, permittees that are 
public water systems shall develop a drought surcharge program as a temporary price 
incentive for customers to reduce water demand during a declared drought. Permittees 
with tiered conservation rates that comply with specific criteria for tiered conservation 
rates in the appiicabie Regionai \Nater Pian are not reguiied to develop a drought 
surcharge program. Permittees are not subject to requirements regarding Rate 
Structures if they do not serve retail customers. 

1. The drought surcharge program shall meet the following criteria: 

C-18 

GA00132880 



(i) Drought surcharge rate(s) shall be implemented within 60 days of receipt of drought 
response level declaration notice. 

(ii) Drought surcharge rate(s) shall be distinct from established water rates: 

(iii) Drought surcharge rate(s) shall apply only to the volumetric water rates: and 

(iv) Drought surcharge rate(s) shall be approximately revenue neutral relative to non­
drought periods. The Division will give deference to public water systems for their 
reasonable definition of revenue neutral. 

(v) The drought surcharge program is not required to include industrial customers. 

2. Permittees shall be exempted from the requirement to have drought surcharge rate(s) 
that are distinct from established water rates if they demonstrate to the Division that 
their billing system is unable to make such distinction. Such permittees shall notify all 
affected customers of the drought surcharge rate(s) through a billing insert whenever 
the drought surcharge program is initiated. 

3. Permittees shall be exempted from the requirement to have drought surcharge rate(s) 
that apply only to the volumetric water rates if they demonstrate to the Division that their 
billing system is unable to apply a surcharge rate only to the volumetric use of water. 

4. If the applicable Regional Water Plan does not have specific criteria for tiered 
conservation rates then permittees are exempted from the requirement to develop a 
drought surcharge program if their conservation rates are designed and implemented 
consistent with the Division's "Conservation-Oriented Rate Structures" guidance dated 
August 2007 or Conservation Action Item 5.1 in the Metropolitan North Georgia Water 
Planning District's 2009 Water Supply and Water Conservation Plan. 

(e) Numeric Water Usage Reduction Requirements. 

1. The Division may establish numeric reduction requirements for permittees that are 
public water systems and whose monthly average water use is greater than one million 
gallons per day. The numeric reduction requirements may vary based on time of year 
(i.e .• warmer months and cooler months). The Division shall consider economic and 
climatic conditions during the baseline period when establishing the numeric reduction 
requirements. The Division shall also consider the public water system's peaking factor 
or their "Baseline Water Use and Efficiency Profile for Public Water Systems", if 

rovided to the Division b" the .... ublic water s"stem when estab!ishinn the numeric 
reduction requirements. 

2. Permittees that are public water systems and whose industrial customers comprise 
more than 90 percent of water use shall be exempt from Numeric Water Usage 
Reduction Requirements. 
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(5) Drought Response Strategies Menu. 

(a) Public information campaign that goes significantly beyond the minimum notice and 
public service messages associated with Drought Response Level 1; 

(b) Glasses of water provided to restaurant customers only upon request; 

(c) Distribute retrofit kits and water saving devices to customers. These kits and 
devices may include, but not be limited to. shower heads, leak dye tabs, toilet tank 
displacement devices, and hose shut off nozzles; 

(d) Technical assistance outreach program to target high users to identify and/or 
recommend opportunities to reduce water usage; 

(e) Reduce system pressure, unless such reduction would create unsafe water supply 
conditions; 

(f) Pool cover requirements: 

(g) Implement a drought surcharge program. or tiered conservation rates, that satisfy 
the criteria of this rule; 

(h) Suspension of street cleaning program(s); 

{i) Implement, or accelerate, leak detection and repair program(s); 

(j) Impose monetary penalties or terminate water services to customers to reduce 
outdoor water waste due to excessive application, outdoor leaks. improper irrigation, or 
other similar reasons. 

(6) Professional Exemptions. The following commercial outdoor water uses are exempt 
from the Outdoor Water Use restrictions of this rule: 

(a) Pressure washing; 

(b) Permanent car wash facility, provided that it is connected to a sanitary sewer system 
of a political subdivision or local government authority or recycles used wash water; 

(c) Construction sites; 

(d) Watering-in of pesticides and herbicides on turf: and 

(e) Other activities essential to daily business. 

Authority: O.C.G.A. §§ 12-5-7, 12-5-8, 12-5-170 et seq., 12-5-520 et seq., and 12-5-570 
et seq. 
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391-3-30-.08 Variance Requests. 

(1) Any application for a variance pursuant O.C.G.A. §12-5-7(a)(1) to impose 
restrictions on outdoor water use that are more stringent than those described in this 
Rule shall provide the following information demonstrating that the outdoor water use 
restrictions required by Chapter 391-3-30 will not avoid or relieve a local water shortage 
and the degree to which additional restrictions will avoid or relieve such water shortage: 

(a) A statement of which Drought Response Level (Level 1, Level 2, Level 3, or Level 3 
plus) the public water system seeks to apply, the duration of those restrictions, and a 
description of why such restrictions are necessary. For the purposes of this Rule, 
"Level 3 plus" means all Level 3 water usage restrictions plus additional restrictions 
orooosed bv the public water system in order to avoid or relieve a local water shortage. 

(b) For permittees whose principal source of water is surface water, a water supply and 
demand analysis which includes a quantitative analysis of the effect that additional 
restrictions will have upon the permittee's source of water in terms of increased storage 
or streamflow available to the permittee for each month during which they will be 
implemented. The water supply and demand analysis shall, at a minimum, consist of a 
24-month projection of the response of reservoir storage, or water withdrawals as a 
percent of streamflow, whichever is applicable, to demands represented by monthly 
water use for each month of the preceding calendar year, assuming calendar year 2007 
-2008 hydrologic conditions, and shall be conducted in accordance with the "Water 
Supply and Demand Analysis Worksheet." 

(c) Quantity estimate of reduced water use on a monthly basis expected from 
implementing such restrictions for each month during which they will be implemented 
compared to a quantity estimate of reduced water use on a monthly basis expected 
from implementing the restrictions otherwise required by Chapter 391-3-30; 

(d) Quantity estimate of the effect such restrictions will have upon the permittee's 
source of water in terms of increased storage or streamflow available to the permittee 
for each month during which they will be implemented. 

(2) As provided for in O.C.G.A. §12-5-7(a)(2), a political subdivision of this state or local 
government authority shall not be prohibited from imposing more stringent restrictions 
on outdoor water use than those required by Chapter 391-3-30 in case of an emergency 
which immediately threatens the public health, safety, or welfare; provided, however, 
that such emergency restrictions sha!! be valid for a period not to exceed seven davs 
unless a variance is granted by the Director. 

·(3) Any application for a variance pursuant O.C.G.A. §12-5-7(b) requesting restrictions 
on outdoor water use that are less stringent than those described in this Rule shall 
provide the following information demonstrating that the outdoor water use restrictions 
required by this Rule are not needed to avoid or relieve a local water shortage: 
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(a) A statement of which Drought Response Level (non-drought, Level 1, or Level 2) the 
public water system seeks to apply, the duration of the less stringent restrictions, and a 
description of why the restrictions described in the Rule are not necessary. 

(b) For permittees whose principal source of water is surface water, a water supply and 
demand analysis which includes a quantitative analysis of the effect that the proposed 
less stringent restrictions will have upon the permittee's source of water in terms of 
storage or streamflow available to the permittee for each month during which they will 
be implemented. The water supply and demand analysis shall, at a minimum, consist of 
a 24-month projection of the response of reservoir storage, or water withdrawals as a 
percent of streamflow, whichever is applicable, to demands represented by monthly 
water use for each month of the preceding calendar year, assuming calendar year 2007 
- 2008 hydrologic conditions. and shall be conducted in accordance with thP. "Water 
Supply and Demand Analysis Worksheet." 

(c) Permittees whose water supply is obtained in whole or in part from storage in or 
releases from any project owned and operated by the United States Army Corps of 
Engineers may request a variance requesting restrictions on outdoor water use that are 
less stringent than those described in this Rule. However, for permittees that get more 
than 25 percent of their water supply from such projects, because these permittees 
have little control over the management of their water supply source, there shall be a 
rebuttable presumption that such variance requests should be denied by the Director. 

(4) Upon consideration of the "good cause" showing required in Section 391-3-30-.08(1) 
or (3), as provided for in O.C.G.A. §12-5-7(c), the Director shall render a decision on an 
application for a variance within five business days after receipt thereof and grant a 
variance to the applicant of the restrictions required by this Rule if the applicant has 
provided sufficient evidence to support a reasonable conclusion that a variance is 
warranted. 

(5) In order to provide for efficient implementation of the variance program and to 
facilitate effective communication to the media and the public regarding drought 
requirements, it is necessary and appropriate that variance requests be consistent with 
the framework of the Rule. Therefore, variance requests are limited to the Drought 
Response Levels (non-drought, Level 1. Level 2, Level 3, or Level 3 plus). and their 
corresponding Drought Response Strategies. as articulated in the rule. 

Authority: O.C.G.A. §§ 12-5-7 and 12-5-8. 
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PROPOSED AMENDMENTS TO THE RULES 
OFTHEDEPARTMENTOFNATURALRESOURCES 

ENVIRONMENTAL PROTECTION DIVISION 
RELATING TO GROUNDWATER USE, CHAPTER 391-3-2 

The Rules of the Department of the Natural Resources, Chapter 391-3-2, Groundwater 
Use are hereby amended and revised for specific Rules, or such subdivisions thereof as 
may be indicated. 

[Note: Underlined text is proposed to be added. Lined through text is proposed to 
be deleted.] 

CHAPTER 391-3-2 GROUNDWATER USE 

391-3-2-.04 Permit Application. Amended. 

(1) Any person who was withdrawing, obtaining or utilizing ground water prior to April 
18, 1973 (or July 1, 1988 in the case of farm use), and who is required under Rule 391-
3-2-.03 of this Chapter to obtain a permit shall submit an application for a permit to use 
ground water to the Division, on forms prepared and furnished, upon request, by the 
Division. The applicant shall furnish the Division with sufficient documented evidence as 
set forth in Paragraphs (5) or (6) of this Rule to evaluate the effects of the described 
water use upon the water resources of the area. 

(2) Any person who started to withdraw, obtain, or utilize ground water after April 18, 
1973 (or July 1, 1988 in the case of the farm use), and who is required under the Rule 
391-3-2-.03 of this Chapter to obtain a permit, shall submit an application for a permit to 
use ground water to the Division, on forms prepared and furnished, upon request, by 
the Division. The applicant shall furnish the Division with sufficient documented 
evidence as set forth in Paragraphs (5) or (6) of this Rule to evaluate the proposed 
water use upon the water resources of the area. (Authority O.C.G.A. Sec. 12-5-105) 

(3) Any person intending to withdraw, obtain, or utilize ground water and who is required 
under the Rule 391-3-2-.03 of this Chapter to obtain a permit, shall submit an 
application for a permit to use ground water to the Division, on forms prepared and 
furnished, upon request, by the Division. No ground water shall be withdrawn, obtained, 
or utilized until a permit has been granted. The applicant shall furnish the Division with 
sufficient documented evidence as set forth in Paragraphs (5) or (6) of the Rule to 
evaluate the impacts of the proposed water use upon the water resources of the area. 

(4) During the early stages of planning for a proposed ground water withdrawal, and in 
any case prior to the start of well construction, the intended user should have a 
conference with representatives of the Division to determine the acceptability of the 
proposed well or wells, the aquifer or aquifers to be utilized, the well spacing and well 
depth, and the amount of intended ground water use. Such conference shall be granted 
within thirty (30) days after request therefor. The intended user should furnish the 
Division with such available documented evidence as set forth in Paragraphs (5), (6), or 
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(7) of this Rule for presentation at the conference or for later submittal, but prior to well 
construction. Based in part on the information furnished by the intended user and upon 
other considerations, a letter of concurrence may be issued by the Division setting forth 
such terms and conditions as the Division deems necessary. Upon completion of the 
construction of the well or wells and prior to any ground water use, the intended user 
shall submit an application for a ground water use permit to the Division pursuant to 
Rules 391-3-2-.05 and 391-3-2-.06 of this Chapter. The proposed water user proceeds 
at his own risk if he does not obtain a letter of concurrence from the Division prior to well 
construction. 

(5) Sufficient documented evidence shall include, but not be limited to, the following 
(except for farm use permit applications): 

/,...\ ... ,... ..... ,.. ,....,r1 ,,,rlrlroc:,c:, nf tho !:lnnlil"'!:!nt· 
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(b) the location of the existing or proposed well(s), identified by number, for which the 
permit is requested, marked on the best map available; 

( c) the latitude and longitude, to the nearest ten ( 10) seconds, of the wells, obtained 
from the location map; 

(d) the county in which the well(s) is located; 

(e) the ground elevation of the well(s), if available; 

(f) the amount of water withdrawn or proposed to be withdrawn or used, and a 
statement to indicate the extent to which such use or withdrawal is reasonably 
necessary to meet the needs of the applicant; 

(g) any present or anticipated unreasonable adverse effects or potential unreasonable 
adverse effects on other water uses or users, including but not limited to, adverse 
effects on public or farm use; 

(h) a statement specifying the beneficial use of the ground water withdrawn or to be 
withdrawn and whether the water use is a consumptive or nonconsumptive use, as 
herein defined; 

(i) if the water use is, or proposes to be, a nonconsumptive use, the applicant shall state 
the following: 

1. the treatment of the water and procedure used, or the proposed treatment of the 
water and the procedure to be used, to return the water to the aquifer or ground water 
system from which it is, or is proposed to be, withdrawn; 

2. the location of the injection well or wells to be shown on the same map as the 
existing, or proposed, withdrawal wells; 
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3. the chemical, physical and bacteriological quality; and any other specified water 
quality analysis the Division may require, of the returned water, noting specifically any 
substantial impairment of the water quality from the water withdrawn; 

4. the aquifer or ground water system from which the ground water is withdrawn, or 
intended to be withdrawn, and the amount of water to be returned to the aquifer or 
ground water system; and 

5. any substantial decrease in quantity as originally withdrawn from the aquifer or 
ground water system. 

U) the aquifer or aquifers from which the ground water is withdrawn, or intended to be 
withdrawn; 

(k) for existing wells, the well construction data for each well, on forms provided by the 
Division, including but not limited to, the following information: 

1. name of driller; 

2. date of drilling; 

3. total well depth in feet; 

4. diameter of drilled hole; 

5. diameter and depth of casing, including casing material; 

6. depth of grouting; 

7. diameter and depth of the setting of the well screen or well screens, if used, and the 
material and type of screen; 

8. type of permanent pump, size, horsepower, and yield; 

9. static water level and pumping level; and 

10. number of hours the well is pumped per day. 

(6) For farm use, sufficient documented evidence shall include, but not be limited to, the 
following: 

(a) applicant's full name; 

(b) mailing address; 

(c) county in which existing or proposed well is located; 
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(d) purposea of withdrawal; 

(e) well construction data including, but not limited to the following: 

1. well depth; 

2. depth of pump intake below ground surface; 

3. design pumping capacity of well; and 

4. depth of well casing. 

(f) month and year of well pump installation; 

(g) number of acres irrigated from this well and average number of inches of water 
applied from this well per year; 

(h) whether or not chemicals, fertilizers, fungicides, herbicides, insecticides, or 
nematicides are injected into the irrigation water; and 

(i) county map supplied by the Division (or equivalent) showing the location of the water 
source. (Authority O.C.G.A. Sec. 12-5-105) 

(7) Any person submitting an application for a ground water use permit who is at the 
time of application withdrawing, obtaining, or utilizing ground water, and who is unable 
to furnish accurate information concerning the amounts of ground water being 
withdrawn or used shall be required, as the Division deems necessary, to do the 
following: 

(a) install one or more water meters; or 

(b) some other more economical means acceptable to the Division, for measuring the 
ground water withdrawn or used. 

(8) The Division, in determining the amount of ground water withdrawn or used by an 
applicant, may use one or more of the following: 

(a) the rated capacity of the pump or pumps; 

(b) the rated capacity of the cooiing system; 

(c) the standards or methods employed by the United States Geological Survey in 
determining such quantities; or 

(d) any other acceptable method. 
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(9) Except for farm use, those applicants intending to withdraw, obtain or utilize ground 
water from wells constructed after April 18, 1973, shall submit, in addition to the 
information required in paragraph (5) of this Rule, well construction details and 
specifications, as the Division deems necessary, including, but not limited to, the 
following: 

(a) total depth of well, in feet; 

(b) size of drilled hole; 

(c) size and depth of casing and type of casing material; 

(d) size and depth of the placing of the well screen or screens and the type of material, 
if used; 

(e) depth of grouting; 

(f) deep well air line of steel, iron or heavy gage copper material, with screw cap, for 
water level measurements; and 

(g) filling, plugging and sealing procedures for any well or wells that are to be 
abandoned. 

(10) Due to the corrosive nature of the ground water in certain areas of the State, 
proposed well construction specifications and casing material may require modification 
as the Division deems necessary to avoid any potential unreasonable adverse effects 
on the aquifer or ground water system, or of other water uses. 

(11) In the preparation of a permit application for a new permit or modification of an 
existing permit which includes an increase in the permitted water use (except for a farm 
use permit application) the applicant must submit to the Director for approval a water 
conservation plan prepared in accordance with the following guidelines. The plan must 
address the following items (or contain a statement why the item is not an appropriate 
part of the plan). 

(a) System management; 

1. Within the most recent 24 month period a minimum of twelve consecutive months of 
UAW data; 

2. A description of current and planned programs to reduce UAW such as those listed 
below (include proposed schedules for planned activities); 

(i) Leak detection and elimination; 

(ii) Availability of accurate maps of the water system; 

C-27 

GA00132889 



(iii) Meter maintenance, testing, replacement, calibration, etc.; 

(iv) Prevention of tank overflows; 

(v) Flushing programs without degradation of water quality; 

(vi) Prevention of unauthorized water use--fire hydrants, fire lines etc.; 

(vii) A list of unmetered service connections including publicly owned facilities, 
churches, etc., 

(viii) Other; 

3. A list of inter-connections with other water svJ sterns and a descriotion of anv 
- I • 

contractual agreements, type (emergency back-up, wholesale sale or purchase) and 
purchase amounts; 

4. Any additional current or planned activities pertaining to system management that will 
contribute to water conservation. 

(b) Treatment plant management; 

1. The condition, calibration frequency, type, etc. of raw and finished water metering; 

2. An analysis of in-plant water use for filter backwashing, overflows, laboratory use, 
etc. as a percentage of total plant production. Also, the plan must outline any ongoing or 
planned plant improvements (including schedules for planned improvements) and/or 
revised operational procedures to reduce in-plant use; 

3. A description of any recycling or reuse of filter backwash water. 

(c) Rate making policies; 

1. A list of non-billed service connections. Also, if available, a breakdown by number of 
meters or% of total production for each class of customer, e.g., residential, commercial, 
industrial, wholesale; 

2. A copy of the water rate structure currently in use including any surcharges, demand 
charges, etc., which may apply to certain customers and a description of the effects of 
this rate structure on water conservation; 

3. A description of any system policies concerning second meters for landscape 
irrigation and any use of sewer meters for billing; 

4. A statement in response to the following questions: 
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(i) Is the water system self-supporting? 

(ii) Are water system expenditures subsidized by non-water/sewer system revenues? 

(d) A drought contingency plan approvedsubmitted for approval by the Director and 
prepared in accordance with the following guidelines. The plan should include 
alternative system and resource management strategies to be implemented under 
drought conditions that may severely reduce the availability of the resource. The plan 
shall be consistent with Rule 391-3-30 with respect to restrictions on outdoor water use. 
If there are conflicts between this plan and Rule 391-3-30 with respect to restrictions on 
outdoor water use, Rule 391-3-30 shall prevail. The applicant must provide the following 
items in the plan (or a statement as to why the item is not an appropriate part of the 
plan): 

1. Drought conditions or events that put the drought contingency plan into effect; 

(i) The applicant must develop a system for determining drought severity based on 
some approved indicator, e.g.: 

(I) System demands; 

(II) Ground water levels; 

(111) Other; 

2. Potable water use priorities program; 

(i) The following order of potable water use priorities is generally recommended but may 
be modified as needed based on local conditions: 

(I) Emergency facilities for essential life support measures; 

(II) Domestic and personal uses, including drinking, cooking, washing, sanitary and 
health related; 

(Ill) Farm uses; 

(IV) Industrial uses (including those industries on public water systems); 
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etc.; 

(VI) Outdoor recreational uses; 

3. Restrictions on lower priority uses (including enforcement procedures); 
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4. Rationing and/or other emergency procedures. 

(e) Plumbing ordinances and/or codes; 

1. Description of compliance with State Water Conservation Law which requires the use 
of ultra-low flow plumbing fixtures. The applicant may include copies of adopted 
ordinances if applicable; 

2. Ordinances/codes or other special requirements pertaining to outside water use such 
as landscape irrigation systems, commercial car washes, etc.; 

(f) Recycling--reuse; 
A description or accounting of any recycling or reuse of treated wastewater; 

(g) A description of current and planned education programs for the promotion of water 
conservation. 

(h) Progress report; 
Five years after issuance of a new or modified Ground Water Use Permit, the permittee 
must submit to the Director a progress report that outlines actions and/or improvements 
made to conserve water and reduce water loss, e.g., leak detection/repair, meter 
installation, calibration, or replacement, summer and peak use surcharges, enforcement 
of ultra-low flow plumbing fixture requirements, etc. Permittees with a total permitted 
withdrawal less than one million gallons per day may use a simplified reporting format 
supplied by the Division. 

(i) Water use data; 
Permittees must submit to the Director an annual water use data report that includes 
information on unaccounted for water for the past 12 months. The report must be 
submitted annually starting 12 months after new or modified permit issuance. 

{j) Long range planning; 
All permittees must incorporate water conservation into long term water demand and 
supply planning. Permittees must develop water demand projections covering a 20 year 
time period using a method or methods approved by the Director. The demand projects 
must reflect the effects (demand reduction) inherent in the implementation of new or 
enhanced water conservation programs. 

(k) A description of any additional water conservation activities. 

(12) Permitted capacities of applicant's water treatment and wastewater treatment 
plants, existing or planned, that will treat water and wastewater to be generated by new 
or increased use. 

(13) Any other information deemed necessary; provided, however, any information 
already provided to the Director in connection with prior dealings, with the Division may 
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be incorporated into the application by specific and detailed reference and a statement 
that the information is still valid and correct. 

Authority Ga. Laws 1972, pp. 976, 982, 985, et seq., as amended by Ga. Laws 1973, 
pp. 1273, 1277. Effective June 3, 1974. O.C.G.A. Sec§. 12-5-7, 12-5-8, 12 -5-90, 12-5-
91. 
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PROPOSED AMENDMENTS TO THE RULES 
OF THE DEPARTMENT OF NATURAL RESOURCES 

ENVIRONMENTAL PROTECTION DIVISION 
RELATING TO WATER QUALITY CONTROL, CHAPTER 391-3-6 

The Rules of the Department of the Natural Resources, Chapter 391-3-6, Water Quality 
Control are hereby amended and revised for specific Rules, or such subdivisions 
thereof as may be indicated. 

[Note: Underlined text is proposed to be added. Lined through text is proposed to 
be deleted.] 

CHAPTER 391-3-6 WATER QUALITY CONTROL 

391-3-6-.07 Surface Water Withdrawals. Amended 

(1) Purpose. This chapter establishes procedures to be followed in obtaining a permit to 
withdraw, divert or impound surface waters of the State. It sets forth the types of 
information to be supplied on a permit application. It also outlines the procedures for 
granting, denying, revoking and modifying such permits. 

(2) Definitions. Whenever a term appears in this Chapter which has been defined in 
the Georgia Water Quality control Act (O.C.G.A. § 12-5-31, et seq.) such definition shall 
apply. Whenever a term appears in this Chapter that is defined below, such definition 
shall apply, so long as such definitions is not inconsistent with any definition in the 
Georgia Water Control Act. 

(a) "Withdrawal" shall mean the taking away of surface water from its natural course. 

(b} "Diversion" shall mean a turning aside or altering of the natural course of surface 
water. 

(c} "lmpoundment" shall mean the storing or retaining of surface water by whatever 
method or means. 

(d} "Watershed" means that area of landing draining into any given point of a basin. 

(e} "Surface water(s) of the State" or "surface water(s)" shall mean any and all rivers, 
streams, creeks, branches, lakes, reservoirs, ponds, drainage systems, springs 
producing in excess of 100,000 gallons per day, and all other bodies of surface water, 
natural or artificial, lying within or forming a part of the boundaries of the State which are 
not entirely confined and retained completely upon the property of a single individual, 
partnership or corporation. 

(f) "Director" shall mean the Director of the Environmental Protection Division of the 
Department of Natural Resources, State of Georgia, or his designee. 
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(g) "Farm uses" shall mean irrigation of any land used for general farming, forage, 
aquaculture, pasture, turf production, orchards, or tree and ornamental nurseries; 
provisions of water supply for farm animals, poultry farming, or any other activity 
conducted in the source of farming operation. Farm uses shall also include the 
processing or perishable agricultural products and the irrigation of recreational turf, 
except in the Chattahoochee River watershed upstream from the Peachtree Creek 
confluence, where irrigation of recreational turf shall not be considered a farm use. 

(h) "Domestic and personal uses" shall mean uses for drinking, cooking, washing, 
sanitary purposes, and all health related activities. 

(i) "lnstream flow" shall mean that minimum continuous flow reserved to the Surface 
Waters of the State at or immediately downstream of the point of withdrawal, diversion, 
or impoundment. 

U) "7Q 10 Flow" shall mean that lowest average stream flow expected to occur for seven 
consecutive days with an average frequency of once in ten years. 

(k) "Non-Depletable Flow" shall mean that instream flow consisting of the 7Q10 flow 
plus an additional flow needed to ensure the availability of water to downstream users. 
Non-depletable flow is normally calculated by adding the 7Q 10 flow to the pro rata 
share of the downstream withdrawal, using the drainage area ratio method. 

(I) "Basin" shall mean that the area within one of the fourteen river drainages listed 
below comprising the sum of the watershed within that basin. 

1. Altamaha 

2. Chattahoochee 

3. Coosa 

4. Flint 

5. Ochlockonee 

6. Ocmulgee 

7. Oconee 

8. Ogeechee 

9. St. Marys 

10. Satilla 
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11. Savannah 

12.Suwannee 

13. Tallapoosa 

14. Tennessee 

(m) "lnterbasin Transfer" shall mean a withdrawal or diversion of water from one river 
basin, followed by use and/or return of some or all of that water to a second river basin. 
The river basin from which the withdrawal or diversion occurs is termed the 'donor' 
basin, and the river basin to which all or a portion of the water is diverted and returned 
is termed the 'receiving' basin. 

(n) "Unaccounted for Water" (UAW) means the difference between the total amount of 
water pumped into the water system from the source(s) and the amount of metered 
water use by the customers of the water system expressed as a percentage of the total 
water pumped into the system. UAW generally includes system leakage and unmetered 
uses such as fire fighting, flushing, broken water mains, etc. 

(o) "Made inflow to a reservoir" shall mean water that flows into a reservoir (1) after 
having been released from a storage project upstream of the reservoir as part of a plan 
approved by the Director; or (2) after having been discharged from a wastewater 
reclamation plant as part of a plan approved by the Director to increase flows into the 
reservoir. 

(3) Permit Required. 

(a) Any person who, on a monthly average, withdrawals more than 100,000 gallons of 
surface water per day; diverts surface water so as to reduce the flow by more than 
100,000 gallons per day at the point where the watercourse, prior to diversion, leaves 
the property on which the diversion occurs; or constructs an impoundment which 
reduces the flow of surface water by more than 100,000 gallons per day downstream of 
the impoundment, must obtain a permit from the Director prior to any withdrawal, 
diversion or impoundment subject to the following exceptions: 

1. Exceptions - No permit shall be required for the following: 

(i) Any diversion accomplished as part of construction for transportation purposes which 
does not reduce the fiow of surface waters in the diverted vvatercourse by more than 
150,000 gallons per day on a monthly average. 

(ii) Any reduction of flow of surface waters during the period of construction of an 
impoundment, including the initial filling of the impoundment; 
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(iii) Any farm pond or farm impoundment constructed and managed for the sole purpose 
of fish, wildlife, recreation or other farm uses. 

(b) In evaluating a permit application for a new interbasin transfer, the Director should 
consider the factors specified in DNR Rule 391-3-6-.07(14) as well as the following: 

1. Donor Basin Considerations. 

(i) The quantity of the proposed withdrawal and the stream flow of the donor basin, with 
special consideration for dry years and low flow conditions; 

(ii) The current and reasonably foreseeable future water needs of the donor basin, with 
special consideration for dry years and low flow conditions; 

(iii) Protection of water quality in the donor basin, with special consideration for dry 
years and low flow conditions; 

(iv) Any offsetting increases in flow in the donor basin that may be arranged through 
permit conditions; 

(v) The number of downstream river miles from which water will be diverted as a result 
of the transfer. 

(vi) The connection between surface water and groundwater in the donor basin, and the 
effect of the proposed transfer on either or both. 

2. Receiving Basin Considerations. 

(i) Determination of whether or not the applicant's proposed use is reasonable, including 
consideration of whether the applicant has implemented water conservation practices 
and achieved reasonable water conservation goals; 

(ii) Assessment of the wastewater treatment capacity of the receiving basin; 

(iii) The supply of water presently available to the receiving basin, as well as the 
estimates of overall current water demand and the reasonable foreseeable future water 
needs of the receiving basin; 

(iv) The beneficial impact of any proposed transfer, and the demonstrated capability of 
the applicant to effectively implement its responsibilities under the requested permit; 

(v) The impact of the proposed transfer on water conservation; 

(vi) The applicant's efforts to explore all reasonable options for use of reclaimed water 
and recycling of available sources to meet the needs of the receiving basin; 
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(vii) Assessment of the adequacy of treatment capacity and current water quality 
conditions. 

3. Considerations Affecting Both Basins. 

(i) The economic feasibility, cost effectiveness, and environmental impacts of the 
proposed transfer in relation to alternative sources of water supply; 

(ii) The cumulative impacts of the current and proposed interbasin transfers in the basin; 

(iii) The requirements of the state and federal agencies with authority related to water 
resources; 

(iv) The availability of water for responding to emergencies, including drought, in the 
donor basin and the receiving basin; 

(v) The impact, whether beneficial or detrimental, on offstream and instream uses; 

(vi) The quantity, quality, location, and timing of water returned to the donor basin, 
receiving basin, and basins downstream; 

(vii) Impact on interstate water use; 

(viii) The cumulative effect on the donor basin and the receiving basin of any water 
transfer or consumptive use that is authorized or forecasted; 

(ix) Such other factors as are reasonably necessary to carry out the purposes of 
Georgia law. 

4. lnterbasin transfers of water as might occur in connection with mining, conveying, 
processing, sale, or shipment of minerals (e.g., as in the kaolin industry), or other 
products transported for further processing or sale shall be exempt from the 
requirements of 391-3-6-.07(3)(b). 

(4) Permit Application: Non-Farm Uses. 

(a) All applications shall be on forms furnished by the Division. 

(b) The applications shall include: 

1. Name and address of applicant; 

2. Date of filing. 

3. Source of water supply. 
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4. Quality applied for, both maximum day and monthly average. Maximum day 
withdrawal, diversion or impoundment shall be computed as the highest annual use by 
a water source or system in a 24-hour period, expressed in gallons per day. Monthly 
average withdrawal diversion or impoundment shall be computed as the highest total 
amount of water used by a water source or water system in any one month divided by 
the number of days in that month, expressed in gallons per day. 

5. Use to be made, and documentation of need for water within five (5) years after date 
of filing. 

6. Place of use. 

7. Location withdrawal, diversion or impoundment plotted on a U.S. Geological Survey, 
7½ minute quadrangle map or latest county highway map; and the latitude and 
longitude of the withdrawal expressed in degrees, minutes and seconds. 

8. In the preparation of a permit application for a new permit or modification of an 
existing permit which includes an increase in the permitted water use (except for a farm 
use permit application), the applicant must submit to the Director for approval a water 
conservation plan prepared in accordance with the following guidelines. The plan must 
address the following items (or contain a statement why the item is not an appropriate 
part of the plan): 

(i) System management; 

(I) Within the most recent 24 month period, a minimum of twelve consecutive months of 
UAW data; 

(II) A description of any current or planned programs to reduce UAW such as those 
listed below (include proposed schedules for planned activities); 

I. Leak detection and elimination; 

II. Availability of accurate maps of the water systems; 

Ill. Meter maintenance, testing, replacement, calibration, etc.; 

IV. Prevention of tank overflows; 

V. Flushing programs without degradation of water quality; 

VI. Prevention of unauthorized water use - fire hydrants, fire lines, etc.; 

VII. A list of unmetered service connections including publicly owned facilities, churches, 
etc.; 
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VII I. Other; 

(111) A list of inter-connections with other water systems and a description of any 
contractual agreements, type (emergency back-up wholesale sale or purchase) and 
purchase amounts; 

(IV) Any additional current or planned activities pertaining to system management that 
will contribute to water conservation. 

(ii) Treatment plant management: 

(I) The condition, calibration frequency, type, etc. of raw and finished water metering; 

(II) An analysis of in-plant water use for filter backwashing, over-flows, laboratory use, 
etc. as a percentage of total plant production. Also, the plan must outline any ongoing or 
planned plant improvements (including schedules for planned improvements) and/or 
revised operational procedures to reduce in-plant use; 

(Ill) A description of any recycling or reuse of filter backwash water. 

(iii) Rate making policies; 

(I) A list of non-billed service connections. Also, if available, a breakdown by number of 
meters or% of total production for each class of customer, e.g., residential, commercial, 
industrial, wholesale; 

(II) A copy of the water rate structure currently in use including any surcharges, demand 
charges, etc., which may apply to certain customers and a description of the effects of 
this rate structure on water conservation: 

(Ill) A description of any system policies concerning second meters for landscape 
irrigation and may use of sewer meters for billing; 

(IV) A statement in response to the following questions: 

I. Is the water system financially self-supporting? 

II. Are water system expenditures subsidized by non-water/sewer system revenues? 

(iv) Piumbing ordinances and/or codes; 

(I) A description of compliance with State Water Conservation Law which requires the 
use of ultra-low plumbing fixtures. The applicant may include copies of adopted 
ordinances if applicable; 

C-38 

i. 

GA00132900 



(II) Ordinances/codes or other special requirements pertaining to outside water use 
such as landscape irrigation systems, commercial car washes etc.; 

(v) Recycle - reuse; A description or accounting of any recycling or reuse of treated 
wastewater. 

(vi) A description of current and planned education programs for the promotion of water 
conservation. 

(vii) Progress report; Five years after issuance of a new or modified Surface Water 
Withdrawal Permit, the permittee must submit to the Director a progress report that 
outlines actions and/or improvements made to conserve water and reduce water loss, 
e.g. leak detection/repair, meter installation, calibration, or replacement, summer and/or 
peak use surcharges, enforcement of ultra-low flow plumbing fixture requirements, etc. 
Permittees with a total permitted withdrawal less than one million gallons per day on a 
monthly average may use a simplified reporting format supplied by the Division. 

(viii) Water use data: 

(I) Permittees must submit to the Director an annual water use data report that includes 
information on unaccounted for water for the past 12 months. This report will be 
submitted in conjunction with the annual water use report that is required pursuant to 
subsection 391-3-6-.07(15). 

(ix) Long range planning. 
All permittees must incorporate water conservation into long term water demand and 
supply planning. Permittees must develop water demand projections covering a 20 year 
time period using a method or methods approved by the Director. The demand 
projections must reflect the effects (demand reductions) inherent in the implementations 
of new or enhanced water conservation programs. 

(x) A description of any additional water conservation activities. 

9. A drought contingency plan approvedsubmitted for approval by the Director and 
prepared in accordance with the following guidelines. The plan should include 
alternative system and resource management strategies top be implemented under 
drought conditions that may severely reduce the availability of the resource. The plan 
shall be consistent with Rule 391-3-30 with respect to restrictions on outdoor water use. 
If there are conflicts between this plan and Rule 391-3-30 with respect to restrictions on 
outdoor water use, Rule 391-3-~0 ~hall prevail. The applicant or permittee must provide 
the following items in the plan (or a statement as to why the item is not an appropriate 
part of the plan): 

(i) Drought condition indicators; 
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(I) The applicant or permittee must develop a system for determining drought severity 
based on some approved indicator, e.g.: 

I. Streamflow levels; 

II. Ground water levels; 

Ill. Reservoir storage or levels; 

IV. Other. 

(ii) Potable water use priorities program; 

(I) The following order of potable \Nater use priorities is generally recommended but may 
be modified as needed based on local conditions: 

I. Emergency facilities for essential life support measures; 

II. Domestic and personal uses, including drinking, cooking, washing, sanitary and 
health related; 

Ill. Farm uses; 

IV. Industrial uses (including those industries on public water systems); 

V. Other uses such as lawn sprinkling, non-commercial car washing, garden watering, 
etc.; 

VI. Outdoor recreational uses. 

(II) Conditions or events that put priority use system into effect; 

(Ill) Adopted priority use system for service during periods of water shortages; 

(IV) Restrictions on lower priority uses (including enforcement procedures); 

(V) Rationing and/or other emergency procedures. 

(iii) Low flow protection; 

(I) For applications for new or modified permits to withdraw, impound or divert surface 
water: No permit will be issued by the Director which authorizes the depletion of the 
instream flow established for the withdrawal, diversion or impoundment of surface 
water, except for periods of Emergency Water Shortage as described in Subsection 
391-3-6-.07(12); 
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(II) For applications for new or modified permits, the applicant will be required to pass 
instream flow at or immediately downstream of the point of withdrawal, diversion or 
impoundment so long as it is available from upstream. When upstream flows drop below 
the required instream flow at the point of withdrawal, diversion or impoundment, the 
applicant will be required to pass that upstream flow. The lnstream Flow required for 
new or modified permits in this subsection shall be: 

I. The 7Q10 flow, if no unreasonable adverse effects to the stream or other water users 
will occur from the withdrawal, diversion or impoundment; or 

II. The Non-Depletable Flow, as established by the Director, if probable impacts of the 
withdrawal, diversion or impoundment would occur to other water users; or 

Ill. Other appropriate instream flow limit, as established by the Director; 

(Ill) Low-flow monitoring plan that outlines applicant's procedure to monitor and protect 
instream flow below the point of withdrawal. Where applicable, the applicant must 
develop a plan for monitoring stream flow so that the instream flow limit can be 
protected. The monitoring plan must determine stream flow based on one of the 
following: 

I. U.S.G.S. staff gage or continuous recording station; 

II. Other staff gage as approved by the Director; 

Ill. Weir; 

IV. Other. 

(iv) Water storage available to ensure availability of raw water to applicant through a 
critical drought period. Examples of suitable critical drought periods include but are not 
limited to: 50-year recurrence interval; 1954-1956 drought; 1984-1988 drought. The 
definition of available storage should include: 

(I) Yield vs. drought return period; 

(II) Storage type, e.g., main stream or off-stream supplemental; 

(Ill) Any available alternate sources of finished and raw water such as ground water, 
interconnections, contractua! agreements. 

10. Consumptive loss of water withdrawn, diverted or impounded. 

11. Permitted capacities of applicant's water treatment and wastewater treatment plants, 
existing or planned, that will treat water and wastewater to be generated by new or 
increased use. 
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12. Any other information deemed necessary; provided, however, any information 
already provided to the Director in connection with prior dealings with Division may be 
incorporated into the application by specific and detailed reference and a statement that 
the information is still valid and correct. 

(5) Permit Applications: Farm Uses. 

(a) Prior Uses. A permit for the withdrawal or diversion of surface waters for farm uses 
shall be issued by the Director to any person when the applicant submits an application 
which provides reasonable proof that the applicant's farm use of surface waters 
occurred prior to July 1, 1991. If submitted prior to July 1, 1991, an application for a 
permit to be issued based upon farm uses of surface waters occurred prior to July 1, 
1988, shall be granted for the withdrawal or diversion or surface waters at a rate of 
withdrawal or diversion equal to the greater of the operating capacity in place for 
withdrawal or diversion on July 1, 1988, or, when measured in gallons per day on a 
monthly average for a calendar year, the greatest withdrawal or diversion capacity 
during the five-year period immediately preceding July 1, 1988. 

(b) New Uses. If submitted after July 1, 1991, or regardless of when submitted, if it is 
based upon a withdrawal or diversion of surface waters for farm use occurring or 
proposed to occur on or after July 1, 1988, an application shall be subject to evaluation 
and classification pursuant to subsection 391-3-6-.07(4), -.07(6) and -.07(7) of these 
Rules; but a permit based upon such evaluation and classification shall be issued to 
ensure the applicant's right to a reasonable use of such surface waters. 

(c) Permittees shall submit application for withdrawal or diversion of water for farm use 
to the Division on forms to be supplied by the Division. One application will be required 
for each water source. Applications will include the following information: 

1. Applicant's full name; 

2. Mailing address; 

3. County in which water source is located; 

4. Purpose of withdrawal; 

5. Source pond, lake, reservoir, stream, river or sinkhole, with name; 

6. Number of pumps withdrawing/diverting surface water from above source; 

7. Design pumping capacity (total) of pumps withdrawing water from this source for this 
farm (gallons per minute); 

8. Month and year this capacity was installed; 
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9. Number of acres irrigated from this water source, and average number of inches of 
water applied per year; 

10. Whether or not chemicals, fertilizers, fungicides, herbicides, insecticides or 
nematicides are injected into the irrigation water; and 

11. County map supplied by the Division (or equivalent) showing the location of the 
water source. 

(6) Combination Uses. 

A combination of farm and non-farm surface use shall be considered a non-farm surface 
use, unless the director determines that the predominant use to which the water is put is 
farm use. 

(7) System of Classification for Competing Permit Applications. 

(a) In situations involving competing uses, existing or proposed, for a supply of available 
surface water, the Division shall consider: 

1. The number of persons using the particular water source and the object, extent and 
necessity of their respective withdrawals or uses; 

2. Nature and size of water source; 

3. Low flows during droughts of record; 

4. Any water quality of the water source which would adversely affect its availability or 
fitness for use; 

5. The probable severity and duration of low flows, poor water quality or other 
impairments of the water source which would adversely affect its availability or fitness 
for use; 

6. The injury to public health, safety or welfare which would result if such impairment 
were not prevented or abated; 

7. The kinds of businesses or activities to which the various uses are related and the 

8. The importance and necessity of the uses, including farm uses, claimed by permit 
applicants and the extent of any injury or detriment caused or expected to be caused to 
other water uses; 

9. Diversion from or reduction of flows in other watercourses; 
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10. The prior investments of any person in lands, and plans for the farm usage of water 
in connection with such lands, which plans have been submitted to the Director within a 
reasonable time after July 1, 1988; provided that the granting of such a permit shall not 
have unreasonably adverse effects upon other water uses in the area, including 
potential as well as present use; 

11. The varying circumstances of each use. 

(8) Priorities for Competing Applications. 

(a) When there are competing applications for water from the same source, and the 
source is insufficient to supply all applicants, the following order of priorities shall 
pr~vail. 

1. Emergency facilities for essential life support measures. 

2. Domestic and personal uses, including drinking, cooking, washing, sanitary purposes 
and all health related activities. 

3. Farm uses as defined herein. 

4. Industrial uses (including those industries on public water systems). 

5. Other uses such as lawn sprinkling, noncommercial car washing, garden watering, 
etc. 

6. Outdoor recreational uses. 

(b) Competing applicants or users within the above categories shall be assigned a 
priority rating based upon a consideration of the facts set forth in subsection 391-3-6-
.07 (6) of these Rules. In the event two or more competing applicants or users qualify 
equally under the priority rating, the Director will grant permits to such competing 
applicants, or modify the existing permits of the users, for use of specified quantities of 
surface water on a prorated or other reasonable basis in those situations where such 
action is feasible, provided, however, that the Director will give preference to an existing 
use over an initial application. 

(c) The Division shall take into consideration the extent to which such withdrawals, 
diversions or impoundments are reasonabiy necessary in the judgment of the Director 
to meet the applicant's reasonable needs; including the needs of any third party to 
whom the permit applicant was furnishing water for the processing of perishable 
agricultural products which require minimum quantities of water to comply with State or 
federal laws or regulations, and shall grant a permit which shall meet those reasonable 
needs; provided, however, that the granting of such permit shall not have unreasonable 
adverse affect upon other water uses in the area including but not limited to public use, 
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farm use, and potential as well as present use, and provide, further, however, 
notwithstanding the above, that the Director shall grant a permit to any permit applicant 
who on the effective date of this Act has outstanding indebtedness in the form of 
revenue certificates or general obligation bonds which are being amortized through the 
sale of surface water, the permitted quantity of such shall be at least in a amount 
consistent with the quantity for which the revenue certificates or general obligation 
bonds were issued. 

(9) Duration of Permits. 

(a) Any permit granted for the withdrawal, diversion or impoundment of surface waters 
shall be for a period of time not less than ten (10) years (unless the applicant requests a 
shorter period of time) nor more than twenty (20) years, except that farm use permits 
shall have no term and may be transferred or assigned to subsequent owners of the 
land which are the subject of such permit. Provided, however, that the Division shaii be 
notified in writing by the permittee of such transfer or assignment. The Director may 
authorize a permit of duration of up to fifty (50) years in the case of a municipality or 
other governmental body where such period is required to provide for the retirement of 
bonds for the construction of water works or waste disposal facilities; 

(b) If requested by the applicant, the Director may issue a temporary permit for less than 
ten (10) years, or letter of concurrence for transient uses lasting less than 180 days. 
Applicant's concurrence with a draft permit whose duration is less than ten (10) years 
shall serve as a request for a temporary permit. 

(10) Renewal of Permits. 

All permittees desiring to renew a permit shall submit an application for renewal to the 
Director within six (6) months prior to its expiration. All renewals will be treated in the 
same manner as the initial permit. 

(11) Revocation, Suspension or Modification of Permits. 

(a) Any permit granted for the withdrawal, division or impoundment of surface waters 
may be revoked, in whole or in part, permanently or temporarily, for the following 
reasons: 

1. Any material false statement in an application for a permit or in any report required to 
be made; 

2. Any willful violation of a condition of a permit; 

3. Nonuse of the water supply (or a significant portion thereof) allowed by a permit for a 
period of two (2) consecutive years or more, unless the permittee can reasonably 
demonstrate that his nonuse was due to extreme hardship caused by factors beyond his 
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control; except that this paragraph will not apply to farm use permits issued after initial 
use has commended; 

4. With the written consent of the permittee. 

(b) Any such permit may be revoked, in whole or in part, for a period not to exceed one 
(1) year for violation of any provision of Section 12-5-31, et seq. of the Georgia Water 
Quality Control Act; 

(c) Any such permit may be suspended or modified if the Director should determine that 
the quantity of water allowed under the permit is greater than that needed by the 
permittee for the particular use upon which the application for permit was based, or 
would prevent other applications from reasonable use of surface waters, including farm 
use; 

(d) The director may suspend or modify a farm use permit if he should determine 
through inspection, investigation, or otherwise that the quantity of water allowed under 
the permit would prevent other applicants from reasonable use of surface waters for 
farm use;(e) Consistent with the consideration set forth in Chapter 391-3-6-.07(7), any 
such permit may be revoked, suspended or modified for any other good cause 
consistent with the health and safety of the citizens of this State and within the 
provisions of this Act; 

(f) In the event of modification, suspension or revocation of permit, the Director shall 
serve written notice of such action on the permit holder and give the reason for such 
action. 

(12) Emergency Water Shortage. 

(a) Any permit may be suspended, restricted or otherwise modified by emergency order 
of the Director when an emergency period of water shortage exists. Prior to any such 
action, it must clearly appear to the Director from specific facts shown by affidavits of 
residents of the affected area of this State that an emergency period of water shortage 
exists within such area, so as to place in jeopardy the health or safety of the citizens of 
such area or to threaten serious harm to the water resources of the area. Any permittee 
has five (5) days from the date of mailing of the notice of the proposed change in the 
permit to appear in opposition to the proposed action. Except as to farm uses, any 
change, suspension or restriction in the permit is effective immediately upon receipt of 
such order by the permittee, his agent for service of process, or any agent of employee 
of the peimittee vvho receives the notification at the permittee's principal place of 
business in the State. Any permittee, other than a farm use permittee, to whom such 
order is directed shall comply therewith immediately; 

(b) Upon application, the permittee, including a farm use permittee, shall be afforded a 
hearing before a hearing officer appointed by the Department of Natural Resources 
within twenty (20) days of receipt of said application by the hearing officer. Farm use 
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permittees may continue to make use of water to their permitted capacity during the 
appeal process, but failure to timely request a hearing in accordance with Subsection 
(c) of Code Section 12-2-2 shall waive such right; 

(c) In the event of dire emergency, only water for domestic and personal uses, for 
drinking, cooking, washing, sanitary purposes and all health related activities will be 
permitted. Farm uses will be given second priority; however, all other usages will be 
established by the Director based on the priorities established in subsection 391-3-6-
.07(7). The importance and necessity of water for industrial purposes are in no way 
modified or diminished by this subsection; 

(d) Upon expiration of the emergency period of water shortage, the permittee will be 
notified in writing of such expiration and the said permittee may then operate under the 
permit as issued prior to the emergency. 

(13) Request for Modification of Unexpired Permit. 

A permittee may seek modification of any of terms of an issued permit. The Director 
may modify such permit providing the permittee establishes at least one of the following: 

(a) a change in conditions has resulted in a need by the permittee of more water than is 
allowed under the existing permit; 

(b) The proposed modification would result in a more efficient use of water than is 
allowed under the existing permit; or 

(c) A proposed change in conditions would result in a need by the permittee of more 
than is allowed under the existing permit. Any such modification shall be consistent with 
the health and safety of the citizens of this State and with provisions of this Act. 

(14) New lnterbasin Transfers. 

(a) In the consideration of applications for permits which if granted would authorize a 
new interbasin transfer as defined in paragraph 391-3-6-.07(2)(m), the Director shall be 
bound by the following requirements: 

1. The Director shall give due consideration to competing existing uses and applications 
for permits which would not involve interbasin transfer of surface water and, subject to 
subsection 391-3-6-.07(7), shall endeavor to allocate a reasonable supply of surface 
w~fl:::~r~ tn ~1,r.h 11~P.r~ ~nrl ~pplir.~ntR 

(b) Public Notification. 

1. A notice of the draft permit which would authorize a new interbasin transfer of surface 
water shall be circulated by at least one of the following means: publication in one or 
more newspapers of general circulation in the area which would be affected by such 
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issuance; posting on website(s); or distribution to interested parties by email or other 
mechanisms. 

2. The Director shall provide a public comment period of 30 days following the date of 
the notice of the draft permit. 

3. If the Director determines sufficient public interest exists, he shall hold a hearing 
somewhere within the area affected prior to the issuance of the permit. The Director 
shall provide reasonable notice of such meeting. 

(15) Records. 

Except for farm use permits issued pursuant to subsection 391-3-6-.07(5), whenever 
required to carry out the objectives of Section 12-5-31 et seq. of the Georgia Water 
Quality Control Act, the Director may by order, permit or otherwise, in writing, require 
any person holding a permit or any other person who the Director reasonably believes 
in unlawfully withdrawing, diverting or impounding surface waters to: 

(a) Establish and maintain records; 

(b) Make reports; 

(c) Install, use and maintain monitoring equipment or methods; 

(d) Submit other information as required; provided any information already furnished to 
the Director in connection with prior dealing with the Division may be incorporated into 
the records or reports by specific and detailed reference and a statement that the 
information is still valid and correct; 

(e) Except for farm uses, permittees shall submit annually to the Division a report of 
water use for the previous calendar year, to include monthly average and maximum day 
use for each month. Such reports shall be on forms provided by the Division and shall 
be submitted to the Division by January 31 of the current year for water use in the 
previous calendar year. 

(16) Storage Rights 

(a) When a user has contracted for the right to utilize storage space within a reservoir 
that is owned or operated by an agency of the federal government, the Director shall 
retain authority to allocate any State water rights subject to regulation under O.C.G.A § 
12-5-31, including the right to withdraw State waters from the project as well as the right 
to impound made inflow to the reservoir. When the Director allocates to a specific user 
made inflows to a reservoir, pursuant to the permitting authority and procedure provided 
by O.C.G.A. § 12-5-31, that user will have the right to impound such flows in the storage 
space for which it has contracted, to the extent storage space is available. 
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(b) The intent of subparagraph (a) is to retain and exercise to the fullest extent the 
State's sovereign authority to control the use and storage of surface waters within its 
boundaries. In the event a court of competent jurisdiction determines that the Director's 
exercise of authority pursuant to this subsection is preempted by federal law, the 
Director's allocation shall be given effect to the maximum extent permissible. 

(c) The following factors shall be considered by the Director when allocating made 
inflows to a reservoir pursuant to paragraph (a): 

1. The criteria set forth in 391-3-6-.07(7). 

2. Whether the water to be stored will be utilized in a manner consistent with the 
Georgia Comprehensive State-wide Water Management Plan and any plans prepared 
by the applicable Regional Water Planning Council or the Metropolitan North Georgia 
Water Planning District. 

3. Such other physical and equitable factors as the Director may deem appropriate. 

(17) Enforcement. 

The administration and enforcement of these Rules shall be in accordance with the 
Georgia Water Quality Control Act and the Georgia Administrative Procedure Act. 

(18) Effective Date. 

This Rule shall become effective twenty days after filing with the Secretary of State's 
office. 

Authority Ga. L. 1964, p. 416, et seq., as amended (O.C.G.A. Sec. 12-5-20 et seq.), Ga. L. 
1972, p. 1015, et seq., as amended (Ga. Code Ann. 40-3501 et seq.), Ga. L. 1977, p. 368-
380 (Ga. Code Ann. Sec. 17-510.1); O.C.G.A. Sec.12-6-31 et seq. 
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10 SB 370/AP 

Senate Bill 370 

By: Senators Tolleson of the 20th, Bulloch of the I Ith, Cowsert of the 46th, Hooks of the 

14th, Weber of the 40th and others 

AS PASSED 

A BILL TO BE ENTITLED 

AN ACT 

To enact and revise provisions of law relating to water supply and water conservation; to 

2 state legislative findings; to amend Chapter 5 of Title 12 of the Official Code of Georgia 

3 Annotated, relating to water resources, so as to require the Georgia Department of Natural 

4 Resources, including its Environmental Protection Division, the Georgia Environmental 

5 Facilities Authority, the Georgia Department of Community Affairs, the Georgia Forestry 

6 Commission, the Georgia Department of Community Health, including its Division of Public 

7 Health, the Georgia Department of Agriculture, and the Georgia Soil and Water Conservation 

8 Commission to examine their practices, programs, policies, rules, and regulations in order 

9 to develop programs and incentives for voluntary water conservation and to make regular 

IO reports of measurable progress to the Governor, Lieutenant Governor, Speaker of the House, 

11 and General Assembly; to require the establishment of best management practices by public 

12 water systems; to change provisions relating to state and local watering restrictions; to 

13 provide for the classification and continuation or discontinuation of certain farm use water 

14 withdrawal permits; to provide for measuring and separate charging of water to units in 

15 certain new construction; to amend Article I of Chapter 2 of Title 8 of the Official Code of 

16 Georgia Annotated, relating to buildings in general, so as to require high-efficiency toilets, 

17 shower heads, and faucets; to require high-efficiency cooling towers; to create the Joint 

18 Committee on Water Supply; to provide for related matters; to provide for an effective date; 

19 to repeal conflicting laws; and for other purposes. 

20 BE IT ENACTED BY THE GENERAL ASSEMBLY OF GEORGIA: 

21 SECTION I. 

22 The General Assembly recognizes the imminent need to create a culture of water 

23 conservation in the State of Georgia. The General Assembly also recognizes the imminent 

24 need to plan for water supply enhancement during future extreme drought conditions and 

25 other water emergencies. In order to achieve these goals, the General Assembly directs the 

26 Georgia Department of Natural Resources to coordinate with its Environmental Protection 
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27 Division, the Georgia Environmental Facilities Authority, the Georgia Department of 

28 Community Affairs, the Georgia Forestry Commission, the Georgia Department of 

29 Community Health, including its Division of Public Health, the Georgia Department of 

30 Agriculture, and the Georgia Soil and Water Conservation Commission to work together as 

31 appropriate to develop programs for water conservation and water supply. 

32 SECTION 2. 

33 Chapter 5 of Title 12 of the Official Code of Georgia Annotated, relating to water resources, 

34 is amended by inserting in lieu of reserved Code Section 12-5-4 a new Code Section 12-5-4 

35 to read as follows: 

36 "12-5-4. 

37 {a) As used in this Code section the tenn 'agency' or 'agencies' means the Georgia 

38 Department of Natural Resources, including its Environmental Protection Division the 

39 Georgia Environmental Facilities Authority, the Georgia Department of Community 

40 Affairs, the Georgia Forestry Commission, the Georgia Department of Community Health, 

41 including its Division of Public Health, the Georgia Department of Agriculture, and the 

42 Georgia Soil and Water Conservation Commission individually or collectively as the text 

43 requires. 

44 (b) On or before August I 20 l O the agencies shall examine their practices, programs, 

45 policies, rules, and regulations to identify opportunities to provide enhanced programming 

46 and incentives for voluntary water conservation. The agencies shall, without limitation, 

4 7 identify and provide for rules, regulations, incentives, or opportunities to: 

48 ( 1) Include water conservation measures in the comprehensive plans submitted to the 

49 Department of Community Affairs by local governments; 

50 (2) Provide technical assistance to local governments and public water systems for water 

51 loss abatement activities: 

52 (3) Support state-wide water campaigns and public outreach programs, such as Conserve 

53 Georgia and WaterFirst programs· 

54 ( 4) Encourage residential and commercial retrofits for water efficient fixtures and 

55 equipment; 

56 (5) Encourage residential and commercial retrofits for water efficient landscaping 

57 irrigation systems· 

58 (6) Encourage the installation of landscapes in commercial and residential settings 

59 utilizing landscape best management practices that include soil preparation, plant 

60 selection, and water use efficiency; 

61 (7) Encourage the use of rain water and gray water, where appropriate, in lieu of potable 

62 water: 
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63 (8) Encourage the installation of submeters on existing nonsubmetered multifamily 

64 complexes and multiunit commercial and industrial complexes; 

65 (9) Encourage public water systems to develop and improve water loss abatement 

66 programs· 

67 ( 10) Encourage public water systems to implement the industry's best management 

68 practices for controlling water loss and achieve the recommended standards; 

69 ( 11) Provide incentives for residential and commercial water conservation pricing by 

70 pµblic water systems; 

71 (12) Provide incentives for public water systems to use full cost accounting· 

72 ( 13) Encourage voluntary inclusion of water conservation guidelines in applications for 

73 new ground-water withdrawal permits and surface-water withdrawal pennits· and 

74 ( 14) Examine the effect that water conservation has on water rates and consider policies 

75 to mitigate the financial impact that rate increases or reductions in water use have on 

76 water utilities and water users. 

77 (c) On or before August 1, 2010 the agencies shall examine their practices programs, 

78 policies, rules, and regulations to identify opportunities to enhance the state's water supply. 

79 The agencies shall, without limitation, identify opportunities to: 

80 (I} Obtain funding: and 
81 (2) Conduct feasibility studies on reseryoir dredging and water management measures 

82 that could enhance water supply when funding is available. 

83 (d) Each agency shall coordinate with the Department of Natural Resources to: 

84 (1) Establish administrative programs and procedures to encourage water conservation 

85 and to enhance the state's water supply consistent with the results of the reviews required 

86 under subsections (b) and (c) of this Code section; 

87 (2) Submit an interim report of the reviews required under subsections (b) and (c) of this 

88 Code section to the Governor, Lieutenant Governor, and Speaker of the House on or 

89 before July I, 2010, which shall include, at a minimum, the programmatic changes and 

90 proposed changes being implemented to encourage water conservation and to enhance 

91 the state's water supply; 

92 (3) Submit a final report of the review required under subsections (b) and (c) of this 

93 Code section to the General Assembly by August I, 2010, which report shall include at 

94 a minimum an outline and narrative symmazy of the rules, regulations, and policies that 

95 have been adopted to encourage water conseryation and to enhance the state's water 

96 supply: and 

97 /4) Submit a report to the General Assembly on or before January I of 2011, 2012, 2013, 

98 2014, and 2015 including an outline and narrative summazy of the the programmatic 

99 changes encouraging water conservation and to enhance the state's water supply that were 
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100 implemented during the immediately preceding calendar year, outlining the agency's 

l 0 1 goals for the next calendar year, and identifying the rules, regulations, and policies that 

102 were adopted to support those programmatic changes.# 

I 03 SECTION 3. 

I 04 Said chapter is further amended by adding a new Code Section 12-5-4.1, to read as follows: 

105 '12-5-4.1. 

I 06 /al As used in this Code section the term: 

107 (I) 1Division' means the Environmental Protection Division of the Department of Natural 

l 08 Resources. 

109 (2) 'Public water system' means a system for the provision to the public of piped water 

110 for human consumption if such system regularly serves at least 3,300 individuals. Such 

111 tenn includes but is not limited to any collection, treatment, storage, and distribution 

112 facilities under the control of the operator of such system and used primarily in 

113 connection with such system and any collection or pretreatment storage facilities not 

114 under such control which are used primarily in connection with such system. 

115 lb) The Board of Natural Resources shall by January I, 2011, adopt rules for the 

116 minimum standards and best practices for monitoring and improving the efficiency and 

117 effectiveness of water use by public water systems to improve water conservation. The 

118 best practices program shall include without limitation: 

119 (1) The establishment ofan infrastructure leakage index: 

120 (2) The establishment of categories of public water systems based on geographical size 

121 and service population; 

122 (3) A phased-in approach requiring public water systems to conduct standardized annual 

123 water loss audits according to the International Water Association water audit 

124 method/standard and to submit those audits to the division: 

125 (4) A phased-in approach requiring public water systems to implement water loss 

126 detection programs· and 

127 (5) The development of a technical assistance program to provide guidance to public 

128 water systems for water loss detection programs, to include without limitation metering 

129 techniques, utilization of portable and pennanent water loss detection devices, and 

130 funding when available. 

131 By January I, 2012, public water systems serving at least I 0,000 individuals shall have 

132 conducted a water loss audit pursuant to the minimum standards and best practices adopted 

133 by the Board of Natural Resources. By January 1, 2013, all other public water systems 

134 shall have conducted a water loss audit pursuant to the minimum standards and best 

135 practices adopted by the Board of Natural Resources. Audit results shall be submitted to 
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136 the division within 60 days of completion and shall be posted on the division's website in 

137 a timely manner after receipt by the division." 

138 SECTION 4. 

139 Said chapter is further amended by revising Code Section 12-5-7, relating to local variances 

140 from state restrictions on outdoor watering, as follows: 

141 "12-5-7. 

142 (a)(l) Any political subdivision of this state or local government authority may, upon 

143 application to and approval by the director of the Environmental Protection Division of 

144 the department for good cause shown, impose more stringent restrictions on outdoor 

145 water use during nondrought periods or state declared periods of drought than those 

146 applicable restrictions, if any, imposed by the state during sµch periods. For purposes of 

147 this subsection, 'good cause' means evidence sufficient to support a reasonable 

148 conclusion, considering available relevant information, that such additional restrictions 

149 are necessary and appropriate to avoid or relieve a local water shortage. A variance 

150 granted pursuant to this subsection shall be valid for such period as determined by the 

151 director. 

152 (2) Paragraph (1) of this subsection shall not prohibit a political subdivision or local 

153 government authority from imposing more stringent restrictions on outdoor water use in 

154 case of an emergency which immediately threatens the public health, safety, or welfare; 

155 provided, however, that such emergency restrictions shall be valid for a period not 

156 exceeding seven days unless a variance is granted by the director pursuant to 

157 paragraph ( l) of this subsection. If the director determines that a political subdivision or 

158 local government authority is exercising emergency powers granted by this paragraph in 

159 a manner to circumvent the necessity of obtaining such a variance, he or she may suspend 

160 the emergency powers granted by this paragraph to such political subdivision or local 

161 government authority. 

162 (3) In the event that a political subdivision of this state or local government authority is 

163 unable to sati$fy reduced water consumption or other permit requirements under its water 

164 withdrawal or operating permit due to its inability under this subsection to impose more 

165 stringent restrictions on outdoor water use during periods of drought than those applicable 

166 restrictions, if any, imposed by the state, such political subdivision or local government 

167 authority shall be exempt from fines, sanctions, or other penalties applicable for such 

168 failure upon the approval of the director of the Environmental Protection Division of the 

169 department. The director shall consider all measures implemented by such political 

170 subdivision or local government authority prior to issuing fines, sanctions, or other 

17 I penalties applicable, if any, for such failure. The political subdivision or local 
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172 government authority shall notify the director of the Environmental Protection Division 

173 of the department within ten business days following the discovery of such failure. The 

174 director may request additional information at any time to substantiate such a claim. 

175 (4) The director of the Environmental Protection Division may revoke, suspend or 

176 modify, upon not less than three days' written notice, a political subdivision's or local 

177 government authority's water withdrawal or waste treatment permit issued pursuant to 

178 this chapter consistent with the health, safety, and welfare of the citizens of this state for 

179 violation of paragraph ( l) or (2) of this subsection or any variance granted pursuant 

180 thereto. 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

(a.l)(l) Persons may irrigate outdoors daily for purposes of planting, growing, 

managing or maintaining ground cover, trees shrubs, or other plants only between the 

hours of 4 P.M. and 10:00 A.M. 

(2) Paragraph ( l) of this subsection shall not create any limitation upon the following 

outdoor water uses: 

(A) Commercial agricultural operations as defined in Code Section 1-3-3; 

(B} Capture and reuse of cooling system condensate or storm water in compliance with 

applicable local ordinances and state guidelines; 

(C) Reuse of gray water in compliance with Code Section 31-3-5.2 and applicable local 

board of health regulations adopted pursµant thereto; 

(D) Use of reclaimed waste water by a designated user from a system permitted by the 

Environmental Protection Division of the department to provide reclaimed waste water· 

(E) Irrigation of personal food gardens· 

{F) Irrigation of new and replanted plant, seed, or turf in landscapes, golf courses, or 

sports turf fields during installation and for a period of 30 days immediately following 

the date of installation· 

(G) Drip irrigation or irrigation using soaker hoses; 

(H) Handwatering with a hose with automatic cutoff or handheld container; 

(I) Use of water withdrawn from private water wells or surface water by an owner or 

operator of property if such well or surface water is on said property· 

{J) Irrigation ofhorticyltural crops held for sale resale, or installation· 

(K) Irrigation of athletic fields golf courses, or public turf grass recreational areas· 

(L) Installation maintenance, or calibration of irrigation systems· or 

(M) Hydroseeding. 

(3) Governing authorities of counties and municipalities shall adopt the provisions of 

paragraphs (1) and (2) of this subsection by ordinance to become effective not later than 

January l, 2011, and violations of such adopted provisions shall be punished as ordinance 

violations. 
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209 (b) Any political subdivision of this state or local government authority may apply for and, 

210 upon approval by the director of the Environmental Protection Division of the department 

211 for good cause shown, shall be granted an exemption from nonstatutory outdoor watering 

212 restrictions or water use reductions imposed by the state. For purposes of this subsection, 

213 'good cause' means evidence sufficient to support a reasonable conclusion, considering 

214 available relevant information, that such restrictions, reductions, or both are not necessary 

215 and appropriate to avoid or relieve a local water shortage. A variance granted pursuant to 

216 this subsection shall be valid for such period as determined by the director. 

217 (c) The director shall render a decision on an application made by a political subdivision 

218 or local government authority under subsection (a) or (b) of this Code section within five 

219 business days after receipt thereof. 

220 (d) This Code scctio11 sltall staitd I cpcalcd mid 1cscr ~cd 011 July 1, 2:010. 

221 (d){l) Any permittee who is aggrieved or adversely affected by any order or action of the 

222 director of the Environmental Protection Division pursuant to this Code section shall have 

223 a right to a hearing pursuant to the provisions of Code Section 12-2-2. 

224 (2) Notwithstanding the stay provisions of subparagraph (c)(2)(8) of Code Section 

225 12~2~2, the filing of a petition for a hearing before an administrative law judge from an 

226 action taken pursuant to this Code section stays the order of the director of the 

227 Environmental Protection Division for not more than five days and such stay shall 

228 automatically be lifted without further action by the director if the petition has not been 

229 ruled upon by the end of the fifth day following filing of the petition; provided, however, 

230 that the petitioner's right to a hearing remains in full force and effece 

231 SECTION S. 

232 Said chapter is further amended in Code Section 12-5-31, relating to permits for withdrawal, 

233 diversion, or impoundment of surface waters, by adding a new subsection to read as follows: 

234 "(p) In addition to the other provisions of this Code section. there shall be established three 

235 categories of farm use surface water withdrawal permits: active inactive. and unused. The 

236 rules and regulations implementing this subsection shall provide without limitation for the 

237 following: 

238 ( l) An active farm use surface water withdrawal permit means one that has been acted 

239 upon and used for allowable purposes; 

240 (2) An inactive farm use surface water withdrawal permit means one where the permit 

241 holder has requested inactive status in order to retain ownership of the permit for possible 

242 future use or reuse. Inactive permits shall be retained by the permit holder without 

243 modification; 

S. B. 370 
- 7 -



10 SB 370/AP 

244 (3) An unused farm use surface water withdrawal permit means one that has never been 

245 used for allowable purposes. Unused permits expire after two years unless changed to 

246 active or inactive status by notification to the director. Unused permits shall not be 

24 7 transferred or assigned to subsequent owners of the lands as provided in paragraph (3) of 

248 subsection (a) of this Code section: 

249 ( 4) An inactive farm use surface water withdrawal permit shall be reclassified to an 

250 active permit when the permit holder has given the director 60 days' written notice and 

251 paid any applicable fees in accordance with paragraph (3) of subsection (a) of this Code 

252 section: and 

253 (5) The director shall, via certified mail, return receipt requested contact or cause to be 

254 contacted, any person who holds a permit that the director has determined is unused. The 

255 notification shall include the permit identification and information regarding the 

256 classifications and procedures for changing classifications. The permit holder shall have 

257 120 days to respond after which the director shall issue a second notice via certified mail. 

258 return receipt requested. Two years after the date on which the director first notified the 

259 permit holder via certified mail, return receipt requested, of the unused status 

260 determination of the permit, the director shall revoke the permit if the permit holder has 

261 not requested that the unused permit be reclassified as inactive or active.n 

262 SECTION 6 . 

263 Said chapter is further amended in Code Section 12-5-105, relating to permits for use of 

264 ground waters, by adding a new subsection to read as follows: 

265 'Id) In addition to the other provisions of this Code section, there shall be established three 

266 categories of farm use ground-water withdrawal permits: active inactive and unused. The 

267 rules and regulations implementing this subsection shall provide without limitation for the 

268 following: 

269 ( I) An active farm use ground-water withdrawal permit means one that has been acted 

270 upon and used for allowable purposes; 

271 (2) An inactive farm use ground-water withdrawal permit means one where the permit 

272 holder has requested inactive status in order to retain ownership of the permit for possible 

273 future use or reuse. Inactive permits shall be retained by the permit holder without 

274 modification: 

275 (3) An unused farm use ground-water withdrawal permit means one that has never been 

276 used for allowable purposes. Unused permits expire after two years unless changed to 

277 active or inactive status by notification to the director. Unused permits shall not be 

278 transferred or assigned to subsequent owners of the lands as provided in paragraph ( 1) of 

279 subsection (b) of this Code section: 
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280 (4) An inactive farm use ground-water withdrawal permit shall be reclassified to active 

281 when the permit holder has given the director 60 days' written notice and paid any 

282 applicable fees in accordance with subsection (a) of this Code section; 

283 (5) The director shall, via certified mail, return receipt requested contact, or cause to be 

284 contacted any person who holds a pennit that the director has determined is unused. The 

285 notification shall include the pennit identification and infonnation regarding the 

286 classifications and procedures for changing classifications. The permit holder shall have 

287 120 days to respond after which the director shall issue a second notice via certified mail, 

288 return receipt requested. Two years after the date on which the director first notified the 

289 permit holder yia certified mail, return receipt requested of the unused status 

290 determination of the permit, the director shall revoke the pennit if the permit holder has 

291 not requested that the unused permit be reclassified as inactive or active.n 

292 SECTION 7. 

293 Said chapter is further amended by revising Code Section 12-5-180. l, relating to allocating 

294 water and waste-water usage among tenants and charging tenants for usage, as follows: 

295 '12-5-180.l. 

296 (a) Except as otherwise provided in subsections (c) and (d) qfthis Code section the The 

'297 owner or operator of a building containing residential units may install equipment or use 

298 an economic allocation methodology to detennine the quantity of water that is provided to 

299 the tenants and used in the common areas of such a building; and the owner of such a 

300 building may charge tenants separately for water and waste-water service based on usage 

301 as determined through the use of such equipment or allocation methodology. 

302 (b) Except as otherwise provided in subsections (c) and {d) of this Code section, the The 

303 owner or operator of a building containing residential units may charge tenants separately 

304 for water and waste-water service, provided that the total amount of the charges to the 

305 tenants of such a building shall not exceed the total charges paid by the owner or operator 

306 for water and waste-water service for such building plus a reasonable fee for establishing, 

307 servicing, and billing for water and waste-water service and provided, further, that the 

308 terms of the charges are disclosed to the tenants prior to any contractual agreement. 

309 fc) All new multiunit residential buildings permitted on or after July l, 2012, shall be 

310 constructed in a manner which will permit the measurement by a county, municipal, or 

311 other public water system or by the owner or operator of water use by each unit. This 

312 subsection shall not apply to any building constructed or permitted prior to July l 2012, 

313 which is thereafter: { 1) renovated· or (2) following a casualty or condemnation, renovated 

314 orrebuilt. 
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(d) All new multiµnit retail and light industrial buildings pennitted or with a pending 

permit application on or after July 1 2012, shall be constructed in a manner which will 

permit the measurement by the owner or operator of water use by each unit. This 

subsection shall not apply to any building constructed or permitted prior to July I, 2012, 

which is thereafter: ( 1) renovated: or (2) following a casualty or condemnation renovated 

or rebuilt. This subsection is not intended to apply to newly constructed multiunit office 

buildings or office components of mixed use developments. Multiunit office buildings and 

the office component of mixed use developments may seek reimbursement from office 

tenants for water and waste-water µse through an economic allocation which approximates 

the water use of each tenant based on square footage. The retail component of a mixed use 

development shall be constructed in a manner which will permit the measurement by the 

owner or operator of water use by each retail unit. 

(e)(I) A county municipal or other public water system, if applicable, or the owner or 

operator of a building which is subject to subsection (c) or (d) of this Code section shall 

seek reimbursement for water and waste-water usage by the units through an economic 

allocation methodology which is based on the measured quantity of water used by each 

unit. 

(2) The owner or operator of such a building which includes common areas for the 

benefit of the units may also seek reimbursement for common area water and waste-water 

use through an economic allocation which approximates the portion of the common area 

water and waste-water services allocable to each unit. 

(3) The total amount of charges to the units under paragraphs (l) and (2) of this 

subsection shall not exceed the total charges paid by the owner or operator for water and 

waste-water service for the building plus a reasonable fee for establishing servicing, and 

billing water and waste-water consumption. 

(4) The director shall be empowered to issue a temporary waiver of this subsection upon 

a showing by an owner or operator of a building subject to this subsection that 

compliance with this subsection has temporarily become impracticable due to 

circumstances beyond the control of the owner or operator. Such waiver shall be limited 

in duration to the period during which such circumstances remain in effect and beyond 

the control of the owner or operator to change. 

(5) The owner or operator who seeks reimbursement for water and waste-water usage as 

required by this chapter shall be relieved ofliability for actions or inactions that occur as 

a result of billing or meter-reading errors by an unaffiliated third-party billing or 

meter-reading company. 

(fl A county, municipal, or other public water system shall be prohibited from charging 

any fee or levy for the installation or use of privately owned meters or other devices which 
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352 measure or assist in the measurement of water use under subsection (c) of this Code 

353 section: provided however a county, municipal or other public water system shall be 

354 permitted to charge a fee or levy for the installation or use of publicly owned meters or 

355 other devices which measure or assist in the measurement of water use. 

356 (g) Subsections (c) {d) and (e) of this Code section shall not apply to any construction of 

357 a building the permit for which was granted prior to July I, 2012: 

358 SECTION 8. 

359 Article I of Chapter 2 of Title 8 of the Official Code of Georgia Annotated, relating to 

360 buildings in general, is amended by revising Code Section 8-2-3, relating to requirements for 

361 toilets, shower heads, and faucets, as follows: 

362 '8-2-3. 

363 (a) On or before July I, 2012 the department, with the approval of the board, shall amend 

364 applicable state minimum standard codes to require the installation of high-efficiency 

365 plumbing fixtures in all new construction permitted on or after July 1, 2012. 

366 (hl As used in this Code section, the tenn: 

367 ( 1) 'Commct cial1 mcmts ruts ty pc of buildbtg othu thm1 1csidcntial. 

368 tz, 'Construction' means the erection of a new building or the alteration of an existing 

369 building in connection with its repair or renovation or in connection with making an 

370 addition to an existing building and shall include the replacement of a malfunctioning, 

371 unserviceable, or obsolete faucet, showerhead, toilet, or urinal in an existing building. 

3 72 (2) 'Department' means the Department of Community Affairs. 

373 (3) 'Residential' means m1y building 01 unit ufa building intended f01 occupancy as a 

374 dwelling but shall not include a hotel 01 motel. 'Lavatory faucet' means a faucet that 

375 discharges into a lavatory basin in a domestic or commercial installation. 

376 (4) 'Plumbing fixture' means a device that receives water, waste, or both and discharges 

377 the water, waste, or both into a drainage system. The tenn includes a kitchen sink, utility 

378 sink, lavatory, bidet, bathtub, shower, urinal, toilet, water closet, or drinking water 

379 fountain. 

380 {5) 'Plumbing fixture fitting' means a device that controls and directs the flow of water. 

381 The term includes a sink faucet lavatory faucet, showerhead, or bath filler, 

382 (6) 'Pressurized flushing device' means a device that contains a valve that: 

383 (A) ls attached to a pressurized water supply pipe that is of sufficient size to deliver 

384 water at the necessary rate of flow to ensure flushing when the valye is open· and 

385 (B) Opens on actuation to allow water to flow into the fixture at a rate and in a quantity 

386 necessary for the operation of the fixture and gradually closes to avoid water hammer. 

387 (7) 'Toilet' means a water closet. 
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388 (8) 'Water closet' means a fixture with a water-containing receptor that receives liquid 

389 and solid body waste and on actuation conveys the waste through an exposed integral trap 

390 into a drainage system and which is also referred to as a toilet. 

391 (9) 'WaterSense™' means a voluntary program of the United States Environmental 

392 Protection Agency designed to identify and promote water efficient products and 

393 practices. 

394 (b) Aft:c1 Apt ii 1, 1992, thttc shall 1101 be h1itiatcd vvithbt tl1is state tl1c consttuctiou vfauy 

395 1csidcntial building ofauy type which. 

396 (c) The standards related to high-efficiency plumbing fixtures shall include without 

397 limitation the following: 

398 ( l) Employs a gtav ity tank ty pc, tlushomctc1-val vc, 01 flushomctct tank toilet that uses 

399 mmc than an avuage of 1.6 gallons of watc1 pe1 flush, p1ovided, honcvc1, this pmag1aph 

400 shall not be applicable to one piece toilets until July 1, 1992, A water closet or toilet that: 

40 I IA) ls a dual flush water closet that meets the following standards: 

402 (i) The average flush volume of two reduced flushes and one full flush may not 

403 exceed 1.28 gallons: 

404 (ii) The· toilet meets the performance, testing, and labeling requirements prescribed 

405 by the following standards. as applicable: 

406 (I) American Society of Mechanical Engineers Standard A 112.19.2-2008: and 

407 /II) American Society of Mechanical Engineers Standard A 112.19.14-2006 

408 'Six-Liter Water Closets Equipped with a Dual Flushing Device'; and 

409 (iii) Is listed to the WaterSense™ Tank-Type High Efficiency Toilet Specification· 

410 or 

4 I I 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

(B) Is a single flush water closet, including gravity, pressure assisted, and 

electro-hydraulic tank types that meets the following standards: 

(i) The average flush volume may not exceed 1.28 gallons: 

( ii) The toilet must meet the performance, testing, and labeling requirements 

prescribed by the American Society of Mechanical Engineers Standard 

A I 12.192/CSA B45.1 or A 112.19.14: and 

(iii) The toilet must be listed to the WaterSense™ Tank-Type High Efficiency Toilet 

Specification· 

(2) Employs a A shower head that allows a flow of !!Q more than an average of 2.5 

gallons of water per minute at 60 pounds per square inch of pressure; 

(3) E111ploys a A urinal that uses mme than dll avuage of 1.8 gall011 of natc1 pct flush, 

and associated flush valve that: 

(A) Uses no more than 0.5 gallons of water per flush; 
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424 {B) Meets the performance, testing and labeling requirements prescribed by the 

425 American Society of Mechanical Engineers Standard A 112.19.2/CSA B45. I: 

426 (C) For flushing urinals, meets all WaterSenseTM specifications for flushing urinals; 

427 and 

428 (D) Where nonwater urinals are employed, complies with American Society of 

429 Mechanical Engineers Standard Al 12.19.3/CSA B45.4 or American Society of 

430 Mechanical Engineers Standard Al 12.19.19/CSA B45.4. Nonwater urinals shall be 

43 l cleaned and maintained in accordance with the manufacturer's instructions after 

432 installation. Where nonwater urinals are installed they shall have a water distribution 

433 line roughed-in to the urinal location at a minimum height of56 inches (1.422 mm) to 

434 allow for the installation of an approved backflow prevention device in the event of a 
435 retrofit. Such water distribution lines shall be installed with shut-off valves located as 

436 close as possible to the distributing main to prevent the creation of dead ends. Where 

437 nonwater urinals are installed, a minimum of one water supplied fixture rated at a 

438 minimum of one water supply fixture unit shall be installed upstream on the same drain 

439 line to facilitate drain line flow and rinsing; 

440 (4) Employs a.A lavatory faucet or lavatory replacement aerator that allows a flow ofno 

441 more than~ U gallons of water per minute at a pressure of 60 pounds per square inch 

442 in accordance with American Society ofMechanical Engineers Standard A 112.18.1 /CSA 

443 B.125.1 and listed to the WaterSenseTM High-Efficiency Lavatory Faucet Specification; 

444 rn- il!!l! 

445 (5) Employs a A kitchen faucet or kitchen replacement aerator that allows a flow of no 

446 more than z:-5- 2.0 gallons of water per minute. 

447 tc) 011 a11d aftu July 1, 1992, tl1e1e slmll ,mt be btitiated within this state tltc c011st1ucti011 

448 of any c01111nc1cial building of any type which docs not meet the 1equitemcnts of 

449 pmag1apl1S (1) tl11ougl1 (5) of subsection (b) of this Code sccti011. 

450 td) The 1equilerne11ts of subsection tb) of this Code section shall apply to any 1esidcntial 

451 comb action i11itiatcd afte1 Ap1 ii 1, 1992, and to any eoHmtct cial comtt action initiated aftt1 

452 July 1, 1992, whicltiuv0hcs the 1epait m 1enovatio11 ofm addition to any existing buildiHg 

453 when such 1cpail v1 1e110Mtion of OJ addition to such existing building includes the 

454 1cplaeement of toilets v1 showus OJ both. To the extent that the standards set forth in this 

455 Code section exceed the National Energy Conservation Policy Act, as amended and 10 

456 C.F.R. 430.32. the department is directed to petition the Department of Energy for a waiver 

457 of federal preemption pursuant to 42 U.S.C. Section 6297/d). 

458 (e) The department is directed to amend the applicable state minimum codes so as to 

459 permit counties Counties and municipalities rue authotizcd and di1cctcd to provide by 

460 ordinance for an exemption to the requirements ufsubscctions (b), (c), and (d) subsection 

S. B. 370 
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461 1£.} ofthis Code section, relative to new construction and to the repair or renovation ofan 

462 existing building, under the following conditions: 

463 (I) When the repair or renovation of the existing building does not include the 

464 replacement of the plumbing or sewage system servicing toilets, faucets, or shower heads 

465 within such existing building; 

466 (2) When such plumbing or sewage system within such existing building, because of its 

467 capacity, design, or installation, would not function properly if the toilets, faucets, or 

468 shower heads required by this part were installed; 

469 (3) When such system is a well or gravity flow from a spring and is owned privately by 

470 an individual for use in such individual's personal residence; or 

471 (4) When units to be installed are: 

472 (A) Specifically designed for use by persons with disabilities; 

473 (B) Specifically designed to withstand unusual abuse or installation in a penal 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

institution; or 

(C) Toilets for juveniles. 

(f) The ordinances adopted by counties and municipalities pursuant to subsection (e) of 

this Code section shall provide procedures and requirements to apply for the exemption 

authorized by said subsection. 

(g) This Code section shall not apply to any conshaction of a 1csidc11tial building the 

conhact fm which vvas cntc1cd into plim lo Aptil 1, 1992, and shall not apply to any 

consh actio11 ofa c01111uucial buildi11g tl1c c011hact fu1 whicl1 was cntucd i11to p1io1 to July 

I, 1992. 

th}- Any person who installs any toilet, faucet, urinal, or shower head in violation of this 

Code section shall be guilty of a misdemeanor. 

ffi(h.l Before Ap1il I, 1992 foly I, 2012, a city, county, or authority shall adopt and 

enforce the provisions of this Code section in order to be eligible to receive any of the 

following grants, loans, or permits: 

(I) A water or waste-water facilities grant administered by the Department of Natural 

Resources or the Department of Community Affairs; or 

(2) A water or waste-water facilities loan administered by the Georgia Environmental 

Facilities Authority. 

(t)ill Fo1 pm poses of this pait, aftt1 Apdl 1, 1992, After July I, 2012, the sale ofa gravity 

tank-type, flushometer-valve, or flushometer-tank toilet that uses more than an average of 

t:6 1.28 gallons of water per flush shaft-be~ prohibited in this state. 

tk:}fil The provisions of this Code section shall not be construed to prohibit counties or 

municipalities from adopting and enforcing local ordinances which provide requirements 

which are more stringent than the requirements of this Code section.n 

S. B. 370 
- 14 -



10 SB 370/AP 

498 SECTION 9. 

499 Said article is further amended in Code Section 8-2-23, relating to amendment and revision 

500 of state minimum code standards, by adding a new subsection to read as follows: 

501 "/c)/1) On or before July I. 2012, the department with the approval of the board, shall 

502 amend applicable state minimum standard codes to require the installation of 

503 high-efficiency cooling towers in new construction pennitted on or after July I. 2012. 

504 (2) As used in this subsection, the term 'cooling tower' means a building heat removal 

505 device used to transfer process waste heat to the atmosphere. 

506 (3) The standards related to high-efficiency cooling towers shall include without 

507 limitation the minimum standards prescribed by the American Society of Heating, 

508 Refrigerating, and Air-Conditioning Engineers Standard 90.1 as adopted and amended 

509 by the department." 

510 SECTION 10. 

511 There is created the Joint Committee on Water Supply to be composed often members as 

512 follows: five members of the House of Representatives shall be appointed by the Speaker of 

513 the House with one being the chairperson of the House Natural Resources and Environment 

514 Committee and five members of the Senate shall be appointed by the President of the Senate 

515 with one being the chairperson of the Senate Natural Resources and the Environment 

516 Committee. The House and Senate Natural Resources and Environment Committee 

51 7 chairpersons shall serve as co-chairpersons. The committee shall meet on the call of either 

518 co-chairperson. The committee shall undertake a study and analysis of the current status of 

519 the state's reservoir system and shall conduct a comprehensive analysis of the state's strategic 

520 needs for additional water supply, including without limitation the identification of creative 

521 financing options for water reservoirs and other opportunities for water supply enhancement. 

522 The committee may conduct its meetings at such places and at such times as it may deem 

523 necessary or convenient to enable it to exercise fully and effectively its powers, perform its 

524 duties, and accomplish its objectives and purposes. The members of the committee shall 

525 receive the allowances authorized for legislative members ofinterim legislative committees 

526 but shall receive the same for not more than five days unless additional days are authorized. 

527 The funds necessary to carry out the provisions of this section shall come from the funds 

528 appropriated to the House of Representatives and Senate. The committee is directed to make 

529 a report of its findings and recommendations not later than December 31, 2010. The 

530 committee shall stand abolished on December 31, 2010. 

S. B. 370 
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531 SECTION 11. 

532 This Act shall become effective upon its approval by the Governor or upon its becoming law 

533 without such approval. 

534 SECTION 12. 

535 All laws and parts oflaws in conflict with this Act are repealed. 

S.B.370 
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T
he sustainable management of our fresh 
water resources is a crucial component 
of supporting future population and 
economic growth. State laws and policies 
can be a powerful mechanism to promote 
the efficient use of water. This report 
describes research efforts taken to 
identify and assess state-level laws and 

policies related to water efficiency and conservation. 

The analysis was based on a 20-question survey developed 
by the project team under the guidance of a project 
advisory committee. Each state was surveyed, and the 
responses for every question were scored. The results are 
framed in a style similar to a school report card. Presenting 
this information collectively provides a resource that 
policy makers, and other professionals active in the water 
efficiency and conservation movement, can utilize.  

The intention behind adding the report and assigning 
grades is to create concise and useful information, and  
to bring attention to exemplary policies that may be used 
as models for other states to emulate. Additionally, the 
outcomes will likely create a catalyst for dialogue about 
current and future water efficiency and conservation 
laws and policies, and generate friendly and healthy 
competition among states in regard to water efficiency 
and conservation efforts. 

After the 20-question survey was developed and 
approved by the advisory committee in April, 2011 the 
data collection effort began. Data collection proved to 
be a large undertaking and ran through the end of the 
calendar year. When the finished surveys were gathered, 
the project team began reviewing the answers for 
completeness and accuracy. Citations were required for 
a “yes” answer to be counted. Following preliminary 
efforts to verify responses and seek feedback from the 
states regarding any unverified answers, AWE forwarded 
augmented survey responses to a team of attorneys  
at the Environmental Law Institute (ELI) for a more 
comprehensive legal review. 

Executive Summary
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  S TAT E    P O I N T S    G R A D E

Alabama 2 D
Alaska 3 D
Arizona 23 B+
Arkansas 7 C-
California 29 A-
Colorado 16.5 B-
Connecticut 14 C+
Delaware 7 C-
Florida 11 C
Georgia 18.5 B
Hawaii 4 D
Idaho 3 D
Illinois 5 C-
Indiana 6 C-
Iowa 10.5 C
Kansas 10 C
Kentucky 13 C+
Louisiana 2 D
Maine 3 D
Maryland 7.5 C
Massachusetts 13 C+
Michigan 3 D
Minnesota 14.5 C+
Mississippi 2 D
Missouri 2 D
Montana 3 D
Nebraska 3 D
Nevada 17.5 B-
New Hampshire 17 B-
New Jersey 16.5 B-
New Mexico 14 C+
New York 11 C
North Carolina 11 C
North Dakota 2 D
Ohio 3.5 D
Oklahoma 3 D
Oregon 15.5 B-
Pennsylvania 3 D
Rhode Island 20 B
South Carolina 6.5 C-
South Dakota 4 D
Tennessee 4 D
Texas 29 A-
Utah 14 C+
Vermont 6 C-
Virginia 16.5 B-
Washington 21.5 B
West Virginia 4 D
Wisconsin 15.5 B-
Wyoming 2 D

ELI mapped the spectrum of existing policy alternatives 
and, in cooperation with AWE, created a tiered scoring 
method that was applied to each response. A total of 
40 possible points could be earned from the survey 
questions. Additionally, each state was eligible for three 
additional points in the form of extra credit. 

Following scoring, ELI and AWE identified laws and  
regulations they believe to represent the strongest 
examples of water efficiency and conservation law under 
each question. Strong statutory and regulatory language 
is the foundation of an effective statewide water efficiency 
program. The report includes a chapter that showcases 
examples from across the country of outstanding state 
statutory and regulatory provisions to promote potable 
water efficiency and conservation. The highlighted 
examples may serve as useful models for states wishing  
to create new water efficiency and conservation policies, 
or strengthen existing ones. 

Collectively, the 50 states earned a total of 492.5 points 
which averages out to a “C” grade. The summary table 
and map presented herein display the distribution of 
grades among states. Two states earned an “A” grade, 
and there were 11 “B’s,” 18 “C’s,” and 19 “D’s.” The results 
demonstrate that state level water efficiency and conser-
vation laws and policies throughout the United States vary 
greatly. Many states have virtually no relevant policies 
and regulations, while others have a compendium of well-
planned and strongly implemented practices. 

The fully completed surveys are not included with the 
report, but are posted to the Alliance for Water Efficiency’s 
online Resource Library at www.a4we.org/2012-state-in-
formation.aspx.

http://www.a4we.org/2012-state-information.aspx
http://www.a4we.org/2012-state-information.aspx
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This report begins with a discussion of the project back-
ground and survey questions. Next, the data collection 
process and scoring methodology used to assign 
grades to each state are described. This is followed by a 
summary of the results, and a section that provides detail 
on the most rigorous and robust water efficiency and 
conservation laws and policies. The Great Lakes States 
are discussed in a separate section to explain some of 
the issues surrounding the Great Lakes Compact. Project 
challenges are addressed prior to the concluding remarks. 

The results demonstrate that state level water efficiency 
and conservation laws and policies throughout the United 
States vary greatly. There are states with virtually no 
relevant policies and regulations, while others have an 
abundance of well-planned and strongly implemented 
practices. It is also important to note that this effort does 
not attempt to analyze the actual program implementa-
tion within each state as a result of these laws and 
policies. Such an effort would have required extensive 
research far beyond the financial resources that were 
available. It is hoped that any future updates will include 
an analysis of implementation. 

This report does not contain the completed surveys. Those 
may be found in the Alliance for Water Efficiency’s online 
Resource Library.1

S
tate level laws and policies represent 
a powerful means to reduce water 
consumption in the United States. The 
implementation of water efficiency and 
conservation strategies is more important 
than ever. As of this writing, large portions 
of Arizona, New Mexico, Texas, and much  

of the Southeastern United States are in the midst 
of long-term severe drought conditions. The bulk of 
the Midwest is currently under exceptional drought 
conditions, the highest intensity listed by the U.S. 
Drought Monitor. A 2003 U.S. General Accounting Office 
survey revealed that 36 states are expecting water 
shortages by 2013. The number would likely have been 
higher if California, Nevada, New Mexico, Mississippi, and 
Michigan had provided input to the survey. Even without 
the aforementioned water shortages, water efficiency 
and conservation are necessary to support future  
population and economic growth. 

During 2011, the Alliance for Water Efficiency (AWE) 
surveyed the 50 states to identify and assess state-level 
water efficiency and conservation laws and policies. This 
effort built upon existing state and provincial information 
that was produced and posted to the AWE resource 
library in 2009. Since the Alliance receives a great deal 
of positive feedback about the value of the state and 
provincial information, an update was both needed and 
warranted. The effort in 2009 did not include a written 
report or a qualitative evaluation of each state. The 2011 
update included a reworking of the previous survey, 
a new data collection effort, the addition of a grading 
scheme to assign each state a score and grade, updating 
the online resource library, and a written report. 

The intention behind adding the report and assigning 
grades is to create concise and useful information, and 
to bring attention to exemplary policies that may be 
used as models for other states to emulate. Additionally, 
the outcomes will likely be a catalyst for dialogue about 
current and future water efficiency and conservation 
laws and policies, and will create friendly and healthy 
competition among states in regard to water efficiency 
and conservation efforts. 

Introduction

1 Alliance for Water Efficiency Resource Library: http://www.allianceforwaterefficiency.org/resource-library/default.aspx 

http://www.allianceforwaterefficiency.org/resource-library/default.aspx


7The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies

			              Figure 1:  AWE 2009 State Survey Questions

1. What state agency or agencies are in charge of drinking water conservation/efficiency?

2. Does the state require preparation of drought emergency plans by water utilities or cities on any prescribed schedule?

3. Does the state have a mandatory planning requirement for drinking water conservation separate from drought emergency plans?

4. Does the state require implementation of conservation measures as well as preparation of plans?

5. Does the state have the authority to approve or reject the conservation plans?

6. Does the state have minimum water efficiency standards more stringent than federal or national requirements?

7. Does the state regulate drinking water supplies and require conservation as part of its permitting process or water right permit?

8. Does the state allow funding for conservation programs under a State Revolving Fund?

9. Does the state offer other financial assistance? Bonds? Appropriations?

10. Does the state offer direct or indirect technical assistance?

11. Does the state provide statewide ET microclimate information?

Background & Methodology

2009 Survey
In 2009, AWE surveyed states to identify water efficiency and conservation laws 
and policies. The survey consisted of 11 questions, the results of which were 
posted to the online AWE Resource Library. The questions are presented below. 
The Alliance for Water Efficiency received a great deal of feedback regarding the 
information generated by the survey, and the state information pages represent 
a highly trafficked section of the AWE website. President and CEO Mary Ann 
Dickinson presented the 2009 survey results at the 2010 WaterSmart Innovations 
Conference and summarized the results based on a simple analysis of “yes” 
versus “no” answers. This generated a lot of interest in scoring states and created 
a demand for additional analytical information in respect to state level water 
efficiency and conservation laws and policies.

This section provides a brief historical background of AWE’s data collection efforts 
regarding state level laws and policies for water efficiency and conservation, and 
presents the data collection and scoring methodology. The aforementioned 2009 
effort is described briefly because it set the foundation for the 2011 research. 
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2011 Survey
In 2011, AWE formed a project advisory committee to 
develop a new set of questions to update the 2009 effort. 
The end result contained four new questions, and several 
questions that were similar to their 2009 survey counter-
parts, but reworded or expanded to be more specific. The 
project advisory committee, representing water agencies 
from six states, met via conference call on January 26 and 
April 5, 2011 to develop and vet the survey instrument. 
The survey was finalized on April 22, 2011. This task was 
a challenging endeavor and required the committee to 

review changes and provide feedback between and after 
meetings. The committee could have easily created a 
survey containing 30 or more questions. However, a large 
survey would have overwhelmed survey respondents, 
and required more financial and staff resources than were 
available to complete this project. The final questionnaire 
is listed below in its entirety, followed by a discussion 
of each question. The data collection and scoring 
methodology are described in the next section.

1. What state agency or agencies are in charge of drinking water conservation/ efficiency?

2. Does the state have a water consumption regulation for toilets that is more stringent than the federal standard?

3. Does the state have a water consumption regulation for showerheads that is more stringent than the federal standard?

4. Does the state have a water consumption regulation for urinals that is more stringent than the federal standard?

5. Does the state have a water consumption regulation for clothes washers that is more stringent than the federal standard? 

6. Does the state have a water consumption regulation for pre-rinse spray valves that is more stringent than the federal standard? 

7. Does the state have mandatory building or plumbing codes requiring water efficient products that exceed the federal standard? 

8. Does the state have any regulations or policies for water utilities regarding water loss in the utility distribution system? 

9. Does the state require conservation activities as part of its water permitting process or water right permit? 

10. Does the state require preparation of drought emergency plans by water utilities or cities on any prescribed schedule? 

11. Does the state have a mandatory planning requirement for potable water conservation/efficiency separate from  
drought emergency plans? 

12. Does the state have the authority to approve or reject the conservation plans?

13. How often does the state require the water utilities to submit a potable water conservation plan (not part of a drought  
emergency plan)? 

14. If the state has a mandatory planning requirement for potable water conservation separate from drought emergency plans,  
is there a framework or prescribed methodology? 

15. Does the state require water utilities to implement conservation measures, beyond just the preparation and submittal of plans?

16. Does the state offer financial assistance to utilities, cities, or counties for urban water conservation programs such as a  
revolving loan fund? Grants? Bonds? Appropriations?

17. Does the state offer technical assistance for urban water conservation programs?

18. Does the state require volumetric billing?

19. What percentage or number of publicly supplied water connections (residential and nonresidential) are metered in your state? 

20. Does the state provide statewide ET microclimate information for urban landscapes?

Figure 2:  AWE 2011 State Survey Questions
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1. 	 What state agency or agencies are in charge 
of drinking water conservation/efficiency? 

This question remained unchanged from the previous 
survey both in terms of its position and the wording. This 
question simply aims to identify state agencies that are 
responsible for drinking water efficiency and conservation. 
These responsibilities are often divided among multiple 
agencies in a single state, but only one agency per state 
is listed in the report cards found in the appendix due to 
available space. The full survey responses posted in the 
AWE Resource Library contain complete listings.

2. 	 Does the state have a water consumption 
regulation for toilets that is more stringent than  
the federal standard? 

Questions 2-7 of the current survey were disaggregated 
from Question 6 of the 2009 survey which asked, “Does 
the state have minimum water efficiency standards more 
stringent than federal or national requirements?” The 
wording of the original Question 6 was too vague and 
generated answers that were not in line with what was 
being sought, which was information on standards for 
plumbing fixtures that are more stringent than what is 
required federally. Standards for water-using fixtures and 
appliances are extremely effective in reducing water use 
through the process of natural replacement. If a federal 
standard exists for a particular fixture, and there are an 
abundance of high-efficiency models of that fixture in the 
marketplace (preferably third-party tested and approved 
by an entity such as WaterSense), then there may be states 
with a more stringent standard.

The Energy Policy Act of 1992 set a federal standard for 
toilets at a maximum flush volume of 1.6 gallons per flush 
(gpf). This standard took effect in 1994 for residential 
toilets and in 1997 for commercial toilets. Question 2 
seeks to identify any states that have a standard for toilets 
that is less than 1.6 gallons per flush. Toilet technology 
has advanced a great deal since the Energy Policy Act 
of 1992 and high-efficiency toilets are becoming more 
commonplace. The U.S. EPA WaterSense program has 
labeled over 1,000 high-efficiency toilet models that 
flush at a volume of 1.28 gpf, and perform well. Fixtures 
with the WaterSense label are 20 percent more water 
efficient than their average counterparts, and have 
undergone rigorous third party testing to ensure equal 

or better performance.2 This is important because it 
reflects a marketplace that contains a sufficient stock of 
well performing high-efficiency toilets. If the marketplace 
cannot support a new efficiency standard the results will 
be disastrous. 

3. 	 Does the state have a water consumption 
regulation for showerheads that is more stringent 
than the federal standard? 

Question 3 also stemmed from question number 6 of 
the 2009 survey, and specifically asks if the state has a 
requirement for showerheads that is more stringent than 
the federal standard. WaterSense created a specification 
for showerheads in 2010 and has labeled many models 
at a flow rate of 2.0 gallons per minute (gpm). This is 0.5 
gpm more efficient than the federal standard of 2.5 gpm 
set forth in the Energy Policy Act of 1992. The WaterSense 
labeling of showerheads indicates that there are a variety 
of well performing showerheads in the marketplace that 
are more efficient than the national standard. The project 
advisory committee wanted to identify any states with a 
standard for showerheads that is more stringent than the 
one imposed federally. 

Any standard-making process for showerheads should 
consider the potential for thermal shock with a flow rate 
less than 2.5 gpm. There is detailed information about 
this issue in the AWE Resource Library on the Residential 
Shower and Bath Introduction page.

4. 	 Does the state have a water consumption 
regulation for urinals that is more stringent than  
the federal standard?

When Question 6 from the 2009 survey was reworked 
into multiple questions the advisory committee chose 
urinals as a specific fixture to be included. The standard 
for urinals in the United States is 1.0 gpf as per the Energy 
Policy Act of 1992. WaterSense began labeling high-
efficiency urinals in 2009, with a maximum flush volume 
of 0.5 gpf.3 At present there are 140 urinal models labeled 
by WaterSense.4 If states choose to go beyond the federal 
standard for urinals there are many options that meet 
water efficiency and performance criteria. Examples of 
such standards will provide valuable information for the 
water efficiency community. 

Survey Questions

1. What state agency or agencies are in charge of drinking water conservation/ efficiency?

2. Does the state have a water consumption regulation for toilets that is more stringent than the federal standard?

3. Does the state have a water consumption regulation for showerheads that is more stringent than the federal standard?

4. Does the state have a water consumption regulation for urinals that is more stringent than the federal standard?

5. Does the state have a water consumption regulation for clothes washers that is more stringent than the federal standard? 

6. Does the state have a water consumption regulation for pre-rinse spray valves that is more stringent than the federal standard? 

7. Does the state have mandatory building or plumbing codes requiring water efficient products that exceed the federal standard? 

8. Does the state have any regulations or policies for water utilities regarding water loss in the utility distribution system? 

9. Does the state require conservation activities as part of its water permitting process or water right permit? 

10. Does the state require preparation of drought emergency plans by water utilities or cities on any prescribed schedule? 

11. Does the state have a mandatory planning requirement for potable water conservation/efficiency separate from  
drought emergency plans? 

12. Does the state have the authority to approve or reject the conservation plans?

13. How often does the state require the water utilities to submit a potable water conservation plan (not part of a drought  
emergency plan)? 

14. If the state has a mandatory planning requirement for potable water conservation separate from drought emergency plans,  
is there a framework or prescribed methodology? 

15. Does the state require water utilities to implement conservation measures, beyond just the preparation and submittal of plans?

16. Does the state offer financial assistance to utilities, cities, or counties for urban water conservation programs such as a  
revolving loan fund? Grants? Bonds? Appropriations?

17. Does the state offer technical assistance for urban water conservation programs?

18. Does the state require volumetric billing?

19. What percentage or number of publicly supplied water connections (residential and nonresidential) are metered in your state? 

20. Does the state provide statewide ET microclimate information for urban landscapes?

2 The WaterSense Label: http://www.epa.gov/WaterSense/about_us/watersense_label.html
3 WaterSense Specification for Flushing Urinals: http://www.epa.gov/WaterSense/docs/urinal_finalspec508.pdf
4 WaterSense Labeled Urinal List: http://www.epa.gov/WaterSense/product_search.html?Category=3

http://www.epa.gov/WaterSense/about_us/watersense_label.html
http://www.epa.gov/WaterSense/docs/urinal_finalspec508.pdf
http://www.epa.gov/WaterSense/product_search.html?Category=3
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5. 	 Does the state have a water consumption 
regulation for clothes washers that is more 
stringent than the federal standard?

Clothes washers were included when Question 6 from 
the 2009 survey was divided into specific components. 
Currently the federal standard for residential and 
commercial family-sized clothes washers requires a 
water factor (WF) of 9.5 or less based on the Energy 
Independence and Security Act of 2007 and the Energy 
Policy Act of 2005. The water factor is a value used to 
determine the water efficiency of a clothes washer, and 
represents the number of gallons used to wash 1 cubic 
foot of laundry.5 The lower the water factor, the higher the 
efficiency. On May 31, 2012 the U.S. Department of Energy 
issued new standards for residential clothes washers that 
will take effect in 2015 and change again in 2018. The new 
standards use an integrated water consumption factor 
(IWF) and are presented in Table 1 below.

Table 1:  New U.S. Department of Energy  
Clothes Washer Standards

AMENDED RESIDENTIAL CLOTHES WASHER 
STANDARDS

                                            INTEGRATED WATER FACTOR (IWF)*

Product Type              Effective:    3/7/2015        1/1/2018

Top-loading, 
	 Compact  
	 (less than 1.6 ft3 capacity)

14.4 12.0

Top-loading,  
	 Standard 

8.4 6.5

Front-loading,  
	 Compact  
	 (less than 1.6 ft3 capacity)

8.3 N/A

Front-loading,  
	 Standard

4.7 N/A

	 *IWF (integrated water consumption factor) is calculated 	
	 as the sum, expressed in gallons per cycle, of the total 		
	 weighted per-cycle water consumption.6

ENERGY STAR® labeled clothes washers must currently 
have a water factor of 6.0 or less to qualify, which is 
37 percent lower than the WF required by the existing 
national standard.7 As of this writing, ENERGY STAR has 
labeled 367 residential clothes washers and 71 family sized 
commercial clothes washers.8 Consumers would have a 
large variety of clothes washers to choose from if a state 
created a standard more efficient than what is found in 
the Energy Independence and Security Act of 2007. 

It is important to note that in order for a state to establish 
a water consumption requirement for clothes washers 
more stringent than the national standard, it would have 
to obtain a waiver for federal preemption. Preemption, 
in this case, means that the federal standard preempts 
any state or local standard for clothes washers. Federal 
preemption was waived for faucets, showerheads, toilets, 
and urinals in 2010.9

5 	 Alliance for Water Efficiency Residential Clothes Washer Introduction: http://www.allianceforwaterefficiency.org/Residential_Clothes_Washer_
Introduction.aspx?terms=water+factor

6 	 2012-05-31 Energy Conservation Program: Energy Conservation Standards for Residential Clothes Washers; Direct final rule: http://www.regulations.
gov/#!documentDetail;D=EERE-2008-BT-STD-0019-0041

7 	 ENERGY STAR Clothes Washer Criteria: http://www.energystar.gov/index.cfm?c=clotheswash.pr_crit_clothes_washers

8 	 Residential and Commercial Clothes Washers Qualified Product Lists: http://downloads.energystar.gov/bi/qplist/res_clothes_washers.pdf?53a8-df0d 
and http://downloads.energystar.gov/bi/qplist/comm_clothes_washers.pdf?182e-6c2b

9 	 Federal Register/Vol. 75, No. 245/Wednesday, December 22, 2010/Rules and Regulations: http://www.allianceforwaterefficiency.org/uploadedFiles/
Federal-Register75.pdf

10 Electronic Code of Federal Regulations–Title 10: §431.408: http://www.ecfr.gov/cgi-bin/text-idx?c=ecfr&SID=fe07ab8cd91125ac440c160ac8182365&rg
n=div5&view=text&node=10:3.0.1.4.19&idno=10#10:3.0.1.4.19.22.83.8 

Code of Federal Regulations
	 Title 10: Energy

	 § 431.408  Preemption of State regulations for 
covered equipment other than electric motors and 
commercial heating, ventilating, air-conditioning 
and water heating products.

	 This section concerns State regulations providing 
for any energy conservation standard,  or 
water conservation standard (in the case of 
commercial prerinse spray valves or commercial 
clothes washers), or other requirement with 
respect to the energy efficiency, energy use, or 
water use (in the case of commercial prerinse 
spray valves or commercial clothes washers), for 
any covered equipment other than an electric 
motor or commercial HVAC and WH product. 
Any such regulation that contains a standard 
or requirement that is not identical to a 
Federal standard in effect under this subpart is 
preempted by that standard, except as provided 
for in sections 327(b) and (c) and 345(e), (f) and (g)  
of the Act.10

http://www.allianceforwaterefficiency.org/Residential_Clothes_Washer_Introduction.aspx?terms=water+factor
http://www.allianceforwaterefficiency.org/Residential_Clothes_Washer_Introduction.aspx?terms=water+factor
http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0019-0041 
http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0019-0041 
http://www.energystar.gov/index.cfm?c=clotheswash.pr_crit_clothes_washers
http://downloads.energystar.gov/bi/qplist/res_clothes_washers.pdf?53a8-df0d
http://downloads.energystar.gov/bi/qplist/comm_clothes_washers.pdf?182e-6c2b
http://www.allianceforwaterefficiency.org/uploadedFiles/Federal-Register75.pdf
http://www.allianceforwaterefficiency.org/uploadedFiles/Federal-Register75.pdf
http://www.ecfr.gov/cgi-bin/text-idx?c=ecfr&SID=fe07ab8cd91125ac440c160ac8182365&rgn=div5&view=text&node=10:3.0.1.4.19&idno=10#10:3.0.1.4.19.22.83.8
http://www.ecfr.gov/cgi-bin/text-idx?c=ecfr&SID=fe07ab8cd91125ac440c160ac8182365&rgn=div5&view=text&node=10:3.0.1.4.19&idno=10#10:3.0.1.4.19.22.83.8
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6. 	 Does the state have a water consumption 
regulation for pre-rinse spray valves that is more  
stringent than the federal standard? 

Pre-rinse spray valves are commonly used in restaurants 
and other commercial food operations to rinse particles 
from plates and other items with a high pressured spray of 
water before loading them into a dishwasher. The current 
federal standard is 1.6 gpm according to the Energy Policy 
Act of 2005. A specification is currently being developed 
by WaterSense for pre-rinse spray valves which will 
likely require a flow rate of 1.25 gpm to be labeled.11 If a 
specification is developed it will help ensure that there 
are a variety of models in the marketplace that meet 
both efficiency and performance requirements set forth 
by WaterSense. The federal standard for pre-rinse spray 
valves is relatively new and the project advisory committee 
wanted to recognize any states with a standard more 
stringent than the one imposed nationally. As is the case 
with clothes washers, a state requirement for pre-rinse 
spray valves that is more efficient than the federal standard 
would require a waiver of preemption. This question was 
derived from Question 2 from the 2009 survey.

7. 	 Does the state have mandatory building 
or plumbing codes requiring water efficient 
products that exceed the federal standard? 

In addition to asking about standards for specific water-
using fixtures and appliances, the advisory committee 
concluded it was important to ask about building and 
plumbing codes. Building and plumbing codes can require 
the installation of water-efficient products in buildings. 
These codes may include efficiency standards for the  
aforementioned fixtures in Questions 2-6, additional 
fixtures and fittings, or may contain requirements for 
plumbing system design.

8. 	 Does the state have any regulations or policies  
for water utilities regarding water loss in the utility 
distribution system?

According to the AWE Resource Library, 
	 Losses in water utility operations occur in two distinctly 

different manners. Apparent losses occur due to  
customer meter inaccuracies, billing system data errors 
and unauthorized consumption. These losses cost utilities 
revenue and distort data on customer consumption 
patterns. Losses also occur as real losses or water that 
escapes the water distribution system, including leakage 
and storage overflows. These losses inflate the water  
utility’s production costs and stress water resources since 
they represent water that is extracted and treated, yet  
never reaches beneficial use.12 

Losses from the distribution system may very well 
represent the most inefficient consumption of treated 

water. This is a new question. The 2009 survey did not 
directly ask about water loss, and the project advisory 
committee decided that this important topic should be 
included. 

 9. 	 Does the state require conservation activities  
as part of its water permitting process or water  
right permit?

This question was asked in the 2009 survey (Question 7)  
and was included again in the 2011 survey. Water with-
drawal permits may contain conditions to ensure that 
water is not being wasted or used inefficiently. Requiring 
conservation activities in the permit approval process 
represents a means to promote the efficient use of water. 
Procedures vary among states, and this question was 
asked to identify what conditions are set forth in regard  
to conservation in the water permitting process. 

10. 	 Does the state require preparation of drought 
emergency plans by water utilities or cities on any 
prescribed schedule? 

Times of drought require immediate action to reduce 
the demand for water. It is important to have this action 
well planned in advance. Drought plans often include 
strategies to reduce demand for a varying degree of 
shortage situations. This is the same as Question 2 in 
the 2009 survey and is intended to find out if states are 
requiring water suppliers to prepare such plans.

11.	 Does the state have a mandatory planning 
requirement for potable water conservation/ 
efficiency separate from drought emergency plans? 

The 2009 survey (Question 3) and the 2011 survey both 
asked if conservation plans are required separately from 
drought emergency plans. This distinction between 
drought plans and conservation plans clearly identifies 
states that are focused on water efficiency and 
conservation during non-drought conditions. Measures 
taken during a drought may only have short-term  
savings impacts, whereas programs implemented via  
a conservation plan are intended to have long-term  
effects on water demand. 

12. 	 Does the state have the authority to approve or  
reject the conservation plans? 

This question was utilized in the 2009 survey (Question 5)  
and sought to identify authority held by the state to 
approve or reject required conservation plans. This 
question builds upon Question 11. Without authority to 
approve or reject plans, it will be difficult, if not impossible, 
for the state to hold utilities to any specific planning 
requirements. The state’s authority to approve or reject 
plans gives strength to the overall planning process. 

11 WaterSense Notification of Intent (NOI) to Develop Draft Performance Specifications for High-Efficiency Pre-Rinse Spray Valves: http://www.energystar.gov/
ia/partners/prod_development/new_specs/downloads/pre_rinse_spray_valves/PRSV_Notice_of_Intent.pdf

12 Water Loss Control—What Can Be Done? http://www.allianceforwaterefficiency.org/Water_Loss_Control_-_What_Can_Be_Done.aspx

http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/pre_rinse_spray_valves/PRSV_Notice_of_Intent.pdf
http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/pre_rinse_spray_valves/PRSV_Notice_of_Intent.pdf
http://www.allianceforwaterefficiency.org/Water_Loss_Control_-_What_Can_Be_Done.aspx
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13. 	 How often does the state require the water 
utilities to submit a potable water conservation 
plan (not part of a drought emergency plan)?

This question asks how often utilities must submit water 
conservation plans, and is intended to add detail to any 
“yes” answers for Question 11. This new question was not 
included in the 2009 survey. 

14. 	 If the state has a mandatory planning 
requirement for potable water conservation 
separate from drought emergency plans, is there 
a framework or prescribed methodology?

This was a new question and not asked in the 2009 survey. 
Must conservation plans adhere to a methodology or 
include mandatory components? Answers to this question 
provide insight into the strength of the planning require-
ments set forth by states. A prescribed methodology helps 
water providers prepare plans and creates a standardized 
approach. 

15. 	 Does the state require water utilities to 
implement conservation measures, beyond just 
the preparation and submittal of plans? 

This question was asked in the 2009 survey (Question 4) as 
well. Water conservation plans alone will not reduce water 
use; the plans have to be put into action. Legal language 
regarding implementation can vary from suggestions 
to enforceable penalties for failure to implement. This 
question was formulated to recognize the importance 
of actual implementation, and to identify the different 
requirements among states.

16. 	 Does the state offer financial assistance 
to utilities, cities, or counties for urban water 
conservation programs such as a revolving 
loan fund? Grants? Bonds? Appropriations? 

The 2009 survey contained multiple questions regarding 
funding for water conservation programs. The 2011 survey 
condensed these questions into one. Technically all states 
can capitalize water conservation programs via the Clean 
Water State Revolving Fund (CWSRF) and Drinking Water 
State Revolving Fund (DWSRF) programs. A September 
2000 EPA memorandum titled, “Policy on Using the CWSRF 
on Water Efficiency/Conservation Measures,” details 
eligible projects, which include conservation programs. 
A similar EPA memo regarding the DWSRF programs 
indicates the fund can be used for water conservation 
programs.13 In addition to these memorandums, the EPA 
factsheet, “Funding Water Efficiency through the State 
Revolving Fund Programs,” confirms that both the CWSRF 
and DWSRF can be used for, “financial assistance to help 
states and systems initiate a variety of efficiency measures 
and programs.”

This question asked about additional resources such as 
grant programs, bonds, and appropriations. Without 
financial assistance many water efficiency and conserva-
tion programs would not be possible.

17. 	 Does the state offer technical assistance 
for urban water conservation programs? 

Question 10 of the 2009 survey essentially asked the 
same question, “Does the state offer direct or indirect 
technical assistance?” The 2009 question lacked 
specificity in regard to urban water conservation 
programs, and the “yes” answers were not always 
relevant or could be slightly misleading. The question 
was reworded for the 2011 survey, and only technical 
assistance that is designed for urban water use was 
included. 

18. 	 Does the state require volumetric billing? 

This question was not part of the 2009 survey, but its 
subject is of great importance to water efficiency and 
conservation. If customers are billed for the amount of 
water consumed they are less likely to waste water.14 
Volumetric billing also makes it possible to implement 
water rate structures that encourage conservation.

19. 	 What percentage or number of publicly 
supplied water connections (residential and 
nonresidential) are metered in your state?

Water meters allow consumption to be measured. 
Without them suppliers cannot identify the amount of 
water being used and charge accordingly. The advisory 
committee designed this question to identify the 
percentage of metered connections in each state. If the 
state could not provide the percentage, but rather a 
number of connections, the project team would estimate 
a percentage from data on the total number  
of connections. 

20. 	 Does the state provide statewide ET micro-
climate information for urban landscapes? 

Question 11 of the 2009 survey asked, “Does the state 
provide Statewide ET microclimate information?” For the 
2011 survey, the question was altered to ask specifically 
about evapotranspiration (ET) information for urban 
landscapes. A significant portion of existing weather and 
irrigation data concerns agricultural water use. Because 
the focus of this effort is urban water use, the question 
was changed to eliminate those responses. Microclimate 
information can be used to increase the efficiency 
of outdoor water use through improved irrigation 
scheduling. 

13 EPA DWSRF Memorandum (July 25, 2003) Use of Drinking Water State Revolving Fund (DWSRF) Program Funds for Water Efficiency Measures
14 Alliance for Water Efficiency Metering Introduction: http://www.allianceforwaterefficiency.org/metering.aspx

http://www.allianceforwaterefficiency.org/metering.aspx
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Data Collection and 
Scoring Methodology

O
nce the survey was fully vetted, the 
project team began collecting data. 
The data collection effort, which 
included a thorough review of the 
results, ran through the end of calendar 
year 2011. Question 1 of the 2009 
survey asked, “What state agency or 

agencies are in charge of drinking water conservation/
efficiency?” The information produced from this question 
was used to find appropriate contacts in each state to 
assist with completing the survey. Contact was initiated 
via phone calls and emails. Due to the length of the survey 
and the need to include citations, the completed surveys 
were sent from the respondents to the project team via 
email instead of being conducted over the phone.  

There were a small number of instances when the 
project team repeatedly attempted to connect with state 
personnel and received little or no assistance. In these 
cases the team conducted extensive research to find 
information for any unanswered survey questions. 

After the finished surveys were gathered the project team 
began reviewing the responses for completeness and 
accuracy. The questions generated complex answers and 
there was a great deal of variance among states. Even with 
the help of state employees, the survey results required 
extensive research and cite checking to verify answers. 
Many responses were edited in the course of the verifica-
tion process and additional information often was added 
to support answers. 

Ultimately, all “yes” answers required a supporting citation 
to be counted. Not all “yes” answers are equal, and there 
are often nuanced details behind a “yes” designation. 
To account for this, a substantial amount of supporting 
information is posted along with the completed surveys in 
the AWE Resource Library.  The variation and complexity 
of answers also created a need to expand point ranges 
for scoring questions, which is discussed in greater detail 
below.

Following AWE’s preliminary efforts to verify responses 
and seek feedback from the states regarding any 
unverified answers, AWE forwarded augmented survey 
responses to a team of attorneys at the Environmental 
Law Institute (ELI) for a more comprehensive legal review. 
The Institute restricted its analysis to the survey questions 
that involved legal matters: Questions 2-6, 7-15, and 18. 
Through legal research databases, ELI obtained current 
versions of each statute or regulation cited by the survey 
respondents. In the course of exploring state codes, ELI 
located relevant but un-cited authorities and also included 
those sources in its evaluation. 

Using the referenced laws, ELI verified whether the 
provisions cited by the respondents were sufficient to 
support the respondents’ answers. ELI relied only on 
the language of the laws to cite check and evaluate the 
accuracy of responses; ELI disregarded as immaterial to its 
analysis any citations to non-binding guidance documents, 
evidence of future or historical policies, statements 
regarding administrative practice, or other non-legal 
data. When necessary and appropriate, the ELI attorneys 
exercised their professional judgment to interpret and 
evaluate the statutory or regulatory language. 

In the course of its analysis, ELI changed answers where, 
in the professional judgment of its staff, respondents’ 
answers were incorrect or the cited authority failed to 
support the proffered answer. Where the information 
provided by the state was insufficient for ELI to evaluate 
the answer as either correct or incorrect, ELI flagged 
the answer for AWE as requiring further attention; in 
some instances, AWE was able to obtain the necessary 
additional information from the state and re-forward the 
answer to ELI for analysis. To support its conclusions, ELI 
cataloged direct quotations of all on-point statutory and 
regulatory provisions. Additionally, ELI identified for AWE 
publicly-available copies of each relevant law it examined. 

Comparing the relative strength of water efficiency and 
conservation laws between the 50 states allowed ELI 
to stratify the states into tiers. These tiers are directly 
reflected in the scoring rubric developed by ELI and AWE. 
Accordingly, the inclusion of numerous scoring intervals 
for a particular question reflects the fact that the project 
team observed a broad diversity in the quality of answers 
to that question. 

Based on ELI’s legal analysis, and in consultation with ELI, 
AWE scored each answer according to the scoring rubric 
presented in Table 2 (on next page). Scoring challenges 
encountered by the project team are discussed in the 
Project Challenges section below. Following scoring, ELI 
and AWE identified laws and regulations they believe to 
represent the strongest examples of water efficiency and 
conservation law under each question. Model examples 
are presented in the Policy Highlights section below. In 
identifying model examples, the project team sought to 
showcase the diversity of effective policy alternatives and 
innovative policymaking efforts. 

A total of forty possible points could be earned from the 
survey questions. Additionally, the states were eligible 
for three additional points in the form of extra credit. 
Table 2 presents the guidelines used for the scoring of 
each question. It is followed by the overall grading scale. 
The Policy Highlights section includes some additional 
discussion of the nuances of scoring the questions that 
underwent legal review.



14 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies

Table 2: Scoring Guidelines

  SCORING GUIDELINES FOR INDIVIDUAL QUESTIONS

1. 	 State agency in charge of drinking water  
conservation?  

All states received 1 point for answering

2.	 Water consumption regulation for toilets? 0 = 	 No 		
1 = 	 Yes, but limited applicability (e.g., only applies to new construction)    
2 = 	 Yes

3. 	 Water consumption regulation for  
showerheads?

0 = 	 No 		
1 = 	 Yes, but limited applicability (e.g., only applies to new construction)     
2 = 	 Yes

4. 	 Water consumption regulation for urinals? 0 = 	 No 		
1 = 	 Yes, but limited applicability (e.g., only applies to new construction)
2 = 	 Yes

5. 	 Water consumption regulation for clothes 
washers?

0 = 	 No 		
1 = 	 Yes, but limited applicability (e.g., only applies to new construction)     
2 = 	 Yes

6. 	 Water consumption regulation for pre-rinse 
spray valves?

0 = 	 No 		
1 = 	 Yes, but limited applicability (e.g., only applies to new construction)     
2 = 	 Yes

7. 	 Mandatory building or plumbing codes? 0 = 	 No					   
1 = 	 Codes are only applied to a specific subset set of buildings, or 

conditions (e.g., Texas has code that applies only to state buildings) 
2 = 	 Codes applied to most or all buildings

8. 	 Water loss regulation or policy? 0 = 	 No
1 = 	 Some kind of policy in writing, but without a specific target or 

requirements, or target is weak
2 = 	 Specific target or requirement, but only for new permits, or strong 

initiative demonstrated by state 
3 = 	 Robust target and requirements, and required by all suppliers, or if only 

for new permits with very strong law

9. 	 Conservation activities as part of water 
permitting process?

0 = 	 No
1 = 	 Little more than a plan is required, or a strong law with limited 

geographic applicability
2 = 	 Water rights expressly can be conditioned (or rejected) based on water 

conservation efforts
3 = 	 Robust application or approval requirements (compliance with 

conservation plans, mandatory conservation conditions, etc.)

10. 	 Drought emergency plans required? 0 = 	 No
1 = 	 Yes, but plan only connected to permitting; OR no updating of plan 

required once it has been submitted
1.5 = Yes, plan is required, but the framework for developing the plan is not 

robust
2 = 	 Yes, plan is required and must adhere to a detailed framework

11. 	 Conservation planning required separate  
from drought plans?

0 = 	 No, or already given credit under Question 9
1 = 	 Plan is required only for a very limited set of users, or broadly 

applicable but conservation is only a component of a larger plan
2 = 	 Plan requirement is broadly applicable, and it is a standalone 

conservation plan

12. 	 Authority to approve or reject  
conservation plans?

0 = 	 No or N/A
0.5 = The plan must be submitted as part of a complete permit application, 

but its substance is not really part of the application review process
1 = 	 Yes, the plan is reviewed as part of reviewing a permit application
2 = 	 Yes, the plan is approved via an independent review process
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  GRADING SCALE

34 - 40 A+

30 -33 A

27 - 29 A-

23 - 26 B+

19 - 22 B

16 - 18 B-

12 - 15 C+

8 - 11 C

5 - 7 C-

1 - 4 D

*.5’s round up

Table 3: Grading ScaleAfter each question was scored, the total was summed and states were 
assigned a grade based on the scale presented in Table 3. If a state was 
one half point away from the next grade on the scale, the score was 
rounded up (e.g., 15.5 points would equal a “B-” instead of a “C+” grade). 
The water efficiency scorecards are notably different from a school report 
card. There are no “F” grades, for example, and the grading scale is much 
more forgiving than the typical percentage-based scoring utilized by 
educational institutions. The grades are intended to serve as a guide, and 
the project team made every effort to create a grading scale that demon-
strated the level of effort states are making toward water efficiency via 
state-level laws and policies.

A draft report was release on April 26, 2012 and a public comment period 
was open until June 15, 2012. The main purpose of the public comment 
period was to give states and other interested parties an opportunity to 
identify any policies that were missed during the data collection phase, 
make clarifications, or disagree with the project team’s findings. General 
comments were welcome as well. In all, 13 sets of comments were 
received. The comments resulted in scoring adjustments for the states of 
Arizona, Georgia, Massachusetts, Nevada, New Mexico, Washington, and 
Wisconsin. The public comments are available for viewing in a separate 
document that serves as an appendix to the main report.

  
13. 	 How often are plans required? 0 = 	 No or N/A

0.5 = 25+ years
1 = 11-24 years; or split between two planning processes (i.e., CT)
1.5 = 7-10 years
2 = 1-6 years

14. 	 Planning framework or methodology? 0 = 	 No; N/A; only unenforceable policy guidelines
0.5 = No, but the law requires the agency to draft unenforceable guidelines; 

OR there is a framework for what plans may include
1 = 	 Yes, but the framework is not robust
2 = 	 Yes, and the framework is robust

15. 	 Implementation of conservation measures 
required?

0 = 	 No or N/A
1 = 	 There is some language facilitating implementation, but it lacks an 

enforceable hook
2 = 	 The plan is enforceable as a permit condition
3 = 	 Robust provisions to facilitate and enforce implementation (e.g., 

penalties, permit revocation, submitting schedules and reports,  
drafting an implementation plan, identifying legal and financial  
sources for implementation)

16. 	 State funding for urban water conservation 
programs?

1 = 	 DWSRF and CWSRF Programs (all states received 1 point)   
2 = 	 Funding resources beyond State Revolving Funds

17. 	 Technical assistance for urban water  
conservation programs?

0 = 	 No	
1 = 	 Online or other resources
2 = 	 Direct technical assistance offered by state

18. 	 Does the state require volumetric billing? 0 = 	 No
1 = 	 Yes
2 = 	 Yes, and conservation rates are required

19. 	 Percent of publicly supplied connections  
that are metered?

Due to a lack of citable references, no states were scored on this question

20. 	 ET microclimate information for urban 
landscapes?

0 = 	 No	
1 = 	 Online state resource including turfgrass ET data available
2 = 	 Online resource specifically targeted for urban landscape irrigation
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Table 5: Point Totals and Grade by State

  S TAT E    P O I N T S    G R A D E

Alabama 2 D
Alaska 3 D
Arizona 23 B+
Arkansas 7 C-
California 29 A-
Colorado 16.5 B-
Connecticut 14 C+
Delaware 7 C-
Florida 11 C
Georgia 18.5 B
Hawaii 4 D
Idaho 3 D
Illinois 5 C-
Indiana 6 C-
Iowa 10.5 C
Kansas 10 C
Kentucky 13 C+
Louisiana 2 D
Maine 3 D
Maryland 7.5 C
Massachusetts 13 C+
Michigan 3 D
Minnesota 14.5 C+
Mississippi 2 D
Missouri 2 D
Montana 3 D
Nebraska 3 D
Nevada 17.5 B-
New Hampshire 17 B-
New Jersey 16.5 B-
New Mexico 14 C+
New York 11 C
North Carolina 11 C
North Dakota 2 D
Ohio 3.5 D
Oklahoma 3 D
Oregon 15.5 B-
Pennsylvania 3 D
Rhode Island 20 B
South Carolina 6.5 C-
South Dakota 4 D
Tennessee 4 D
Texas 29 A-
Utah 14 C+
Vermont 6 C-
Virginia 16.5 B-
Washington 21.5 B
West Virginia 4 D
Wisconsin 15.5 B-
Wyoming 2 D

Discussion

T
his chapter is comprised of four sections. First, 
summary results are provided that present the grades 
among the 50 states. This is followed by the Policy 
Highlights se ction, which provides examples of 
exceptional laws and policies. The Great Lakes States 

are discussed in light of the Great Lakes Compact, and the last 
section identifies project challenges.

Summary of Results
This section presents a complete score and grade for each of 
the 50 states. The individual state water efficiency scorecards 
appear in alphabetical order in the appendix. Two summary 
tables and a map present the results. Table 4 shows the number 
of states that were assigned each grade. Table 5 contains a point 
total and letter grade for each of the 50 states. Figure 3 displays 
the spatial distribution of the results in a choropleth map. Only 
two states earned an “A” grade and both were “A-“; additionally, 
there were 11 “B’s,” 18 “C’s,” and 19 “D’s.” Table 6 contains a point 
total and average grade for the United States as a whole. The 
50 states earned a total of 492.5 points. When divided by 50 the 
result is 9.85, which is the middle of the range for a “C” grade. 

Much can be learned from existing policies, regulations, and 
initiatives. While many robust water efficiency and conservation 
policies are in place, the results also indicate that there is great 
opportunity for improvement. Not only can policies be put in 
place where they are currently lacking, but existing policies and 
laws can be strengthened to increase their overall effectiveness. 

Table 4: Grade Totals

     GRADE      TOTALS

A+ 0

A 0

A- 2

B+ 1

B 3

B- 7

C+ 6

C 6

C- 6

D 19

Total 50
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	 Table 6: Water Efficiency Scorecard All 50 States

  WATER EFFICIENCY SCORECARD ALL 50 STATES                  			            GRADE: C

										                            TOTAL             TOTAL
QUESTION								                             “YES” ANSWERS           POINTS

1.	 State agency in charge of drinking water conservation? 50 50

2.	 Water consumption regulation for toilets? 3 6

3.	 Water consumption regulation for showerheads? 0 0

4.	 Water consumption regulation for urinals? 3 3

5.	 Water consumption regulation for clothes washers? 0 0

6.	 Water consumption regulation for pre-rinse spray valves? 0 0

7.	 Mandatory building or plumbing codes? 2 3

8.	 Water loss regulation or policy? 24 38

9.	 Conservation activities as part of water permitting process? 24 35

10.	 Drought emergency plans required? 15 22.50

11.   	 Conservation planning required separate from drought plans? 28 33

12.	 Authority to approve or reject conservation plans? 25 34.50

13.	 How often are plans required? N/A 35

14.	 Planning framework or methodology? 23 31

15.	 Implementation of conservation measures required? 19 37

16. 	 State funding for urban water conservation programs? 50 72

17. 	 Technical assistance for urban water conservation programs? 24 39

18. 	 Does the state require volumetric billing? 6 8

19. 	 Percent of publicly supplied connections that are metered? N/A 0

20. 	 ET microclimate information for urban landscapes? 8 13

Extra Credit   32.50

Total   492.50

Average   9.85

A

A–

B+

B

B–

C+

C

C–

D
Figure 3: Map of State Scorecard 
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Policy Highlights

S
trong statutory and regulatory language is the foundation of an effective statewide water efficiency program. 
This chapter showcases examples from across the country of outstanding state statutory and regulatory 
provisions to promote potable water efficiency, conservation, and planning. In some cases, diverse examples 
were selected in order to demonstrate a variety of effective methods for facilitating water efficiency through 
legal requirements. This chapter further summarizes the range of answers received for each topic and details 
why the top-performing states within each question received maximum credits. The highlighted examples 
may serve as useful policy models for states wishing to strengthen their water conservation requirements 

and improving their future water efficiency score. Answers for Questions 1, 16, 17, 19, and 20 were not put through a legal 
review process, but represent important initiatives and are included in this section.

Question 1 
State Agencies 

Each state was awarded one point for answering this question and no additional points were available. There is no 
particular highlight, or state that has an example for others to follow. States with a high overall score have active agencies, 
but the structures differ. Some states have several agencies in charge of water efficiency and conservation. This can have 
advantages, such as putting specialized agencies in charge of specific components of water efficiency and conservation. 
However, when multiple agencies are involved there can be a lack of cohesion. It is important for agencies to be aware of 
each other’s responsibilities and work together as much as possible. 

Questions 2-6
Water Consumption Regulations

Questions 2-6 are similar: does the state have a water consumption regulation more stringent than the federal standard 
for toilets, showerheads, urinals, clothes washers, and pre-rinse spray valves? Each state answering yes to any of these 
questions cited the same state law for each “yes” answer. Additionally, the standards were the same for all states with 
“yes” answers. For toilets, the average flush volume for single flush toilets may not exceed 1.28 gallons, and the average 
flush volume of two reduced flushes and one full flush for dual flush toilets may not exceed 1.28 gallons. For urinals, the 
maximum flow may not exceed an average of 0.5 gallons of water per flush, with minimal exceptions. No state identified 
laws more stringent than the federal standards for showerheads, clothes washers, or pre-rinse spray valves. 

While the more stringent standards were uniform among those states with them, the three states differed in the scope of 
application of those standards. California and Texas’ standards apply to all sales, as does Georgia’s standard for toilets 
but Georgia’s standard for urinals applies only to new construction (see the Question 7 policy highlight for more details). 
California and Texas have slightly different language regarding application and exemptions. 

California
  (b)
	 (1) 	 All water closets sold or installed in this state shall use no more than an average of 1.6 gallons per flush. On and after 

January 1, 2014, all water closets, other than institutional water closets, sold or installed in this state shall be high- 
efficiency water closets. 

	 (2) 	 All urinals sold or installed in this state shall use no more than an average of one gallon per flush. On and after  
	 January 1, 2014, all urinals, other than blow-out urinals, sold or installed in this state shall be high-efficiency urinals. 

  . . . .
  (g) 	 As used in this section, the following terms have the following meanings: 
	 (1) 	 “Blow-out urinal” means a urinal designed for heavy-duty commercial applications that work on a powerful  

	 nonsiphonic principle. 
	 (2) 	 “High-efficiency water closet” means a water closet that is either of the following: 
		  (A) 	 A dual flush water closet with an effective flush volume that does not exceed 1.28 gallons, where effective  

		  flush volume is defined as the composite, average flush volume of two reduced flushes and one full flush  
	 . . . .

		  (B) 	 A single flush water closet where the effective flush volume shall not exceed 1.28 gallons . . . . 
	 (3) 	 “High-efficiency urinal” means a urinal that uses no more than 0.5 gallons per flush. 
	 (4) 	 “Institutional water closet” means any water closet fixture with a design not typically found in residential or commercial 

applications or that is designed for a specialized application, including, but not limited to, wall-mounted floor-outlet 
water closets, water closets used in jails or prisons, water closets used in bariatrics applications, and child water closets 
used in day care facilities.15

15 CAL. HEALTH & SAFETY CODE § 17921.3.
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Texas 
  (a) 	 A person may not sell, offer for sale, distribute, or import into this state a plumbing fixture for use in this state unless:  

(1) the plumbing fixture meets the water saving performance standards provided by Subsection (b) . . . .
  (b) 	 The water saving performance standards for a plumbing fixture are the following standards. . . . (4) except as provided by 

Subsection (g), for a urinal and the associated flush valve, if any, sold, offered for sale, or distributed in this state on or after 
January 1, 2014: 

			   (A) 	maximum flow may not exceed an average of 0.5 gallons of water per flush
	 . . . . 
	 (6) 	 except as provided by Subsection (h), for a toilet sold, offered for sale, or distributed in this state on or after 	

		  January 1, 2014: 
			   (A) 	the toilet must be a dual flush water closet that meets the following standards: 	  

			   (i) the average flush volume of two reduced flushes and one full flush may not exceed 1.28 gallons		
			    . . . . or 

			   (B) 	the toilet must be a single flush water closet that meets the following standards:
				    (i) the average flush volume may not exceed 1.28 gallons . . . .
  . . . .
  (g) 	 The water saving performance standards for a urinal and the associated flush valve, if any, sold, offered for sale, or distributed 

in this state on or after January 1, 2014, are [maximum flow may not exceed an average of one gallon of water per flush] if 
the urinal was designed for heavy-duty commercial applications.

  (h) 	 The water saving performance standards for a toilet sold, offered for sale, or distributed in this state on or after January 1, 
2014, are [maximum flow may not exceed an average of 1.6 gallons of water per flush] if the toilet is a water closet that has 
a design not typically found in a residential application or that is designed for a specialized application, including a water 
closet that: 

		  (1) 	 is mounted on the wall and discharges to the drainage system through the floor; 
		  (2) 	 is located in a correctional facility, as defined by Section 1.07, Penal Code; 
		  (3) 	 is used in a bariatric application; 
		  (4) 	 is used by children at a day-care facility; or 
		  (5) 	 consists of a non-tank type commercial bowl connected to the plumbing system through a pressurized 	

		  flushing device.16 

16 TEX. HEALTH & SAFETY CODE ANN. § 372.002.

Question 7
Building and Plumbing Codes

Question 7 asks whether the state has mandatory building or plumbing codes that require water efficient products 
exceeding the federal standard. Ideally, the building or plumbing codes will apply to all construction and the required 
efficiency of all products will exceed the federal standard; however, few states answered yes. As with Questions 2-6, the 
scope of application as well as the standard established separated the “yes” answers. Partial credit was given to states  
with laws applicable to a specific subset of buildings or conditions. 

Georgia requires the installation of high-efficiency plumbing fixtures in all new construction, including new buildings, the 
alteration of existing buildings, and even replacement of malfunctioning, unserviceable, or obsolete fixtures, regardless of 
the owner or location. In addition to the provisions concerning toilets and urinals, the statute sets a standard for lavatory 
faucets and lavatory replacement aerators at no more than 1.5 gallons of water per minute, and kitchen faucets with a flow 
rate at no more than 2.0 gallon per minute. Current federal standards for both fixtures are 2.2 gpm. The standards for  
other fixtures match the federal standards. Georgia also requires new multiunit residential buildings and new multiunit 
retail and light industrial buildings to be constructed so as to allow the measurement of water use by each unit. 

Georgia
  (a) 	 On or before July 1, 2012, the department, with the approval of the board, shall amend applicable state minimum 

standard codes to require the installation of high-efficiency plumbing fixtures in all new construction permitted on  
or after July 1, 2012.

  (b) 	 As used in this Code section, the term: 
   (1) 	 “Construction” means the erection of a new building or the alteration of an existing building in connection with 

its repair or renovation or in connection with making an addition to an existing building and shall include the 
replacement of a malfunctioning, unserviceable, or obsolete faucet, showerhead, toilet, or urinal in an existing building.

  . . . .
  



20 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies

Question 8
Utility Distribution Water Loss

Question 8 asks whether the state has regulations or policies regarding water loss from water utility distribution systems. 
The answer for most states is yes, but information-gathering, reporting, and response requirements, as well as which 
utilities are covered, varies widely. Ideally, state law will require industry best practices for calculating water loss and 
mandate corrective action, and will apply to all municipal purveyors. Limited credit was given in this scorecard to states 
that have a policy in writing, but with a weak or vague target or requirement. Partial credit was also given to states with 
a specific target or requirement but only for new permits, or with industry best practices for calculating water loss but no 
mandate for corrective action.

Finding outstanding examples for Question 8 posed a unique challenge because the states with the strongest laws do 
not appear to utilize the most up-to-date water loss accounting methodology as outlined in the American Water Works 
Association’s most current M36 Manual. Likewise, states with the most current water loss accounting methodology do not 
have a strong legal foundation for their requirements. The project team was not presented with an outstanding example 
that encompasses both characteristics. That is, no state presented laws that require both corrective action and industry 
best practices for calculating water loss. 

This is clearly the direction in which states must evolve: strong statutory authority, a requirement for corrective action as 
well as audit reporting, and use of the correct methodology for calculating non-revenue water. A state that has strong legal 
authority but is still using percentages is a state that is no longer correctly addressing the problem even though they have 
the legal muscle to do so.

Thus this section discusses examples from both perspectives, since none exist that do it all. The examples for New 
Hampshire, New Jersey, and Washington shown below are offered to demonstrate strong law. That is, the specific require-
ments and corrective action are expressly written in statute, and they do require the correction of water losses exceeding 
identified levels. However, these states use the wrong accounting methodology and still refer to percentages. Texas, 
Tennessee, and Georgia are also summarized in this section, because these states utilize the more refined and precise 
methodology for calculating water loss, but they lack a strong statutory foundation, as well as requirements for action to 
correct losses. 

Strong Legal Authority
New Hampshire, New Jersey, and Washington have very different but strong laws regarding water loss, but none 
employs the latest methodology. New Jersey and Washington’s municipal water loss laws apply to all municipal purveyors. 
New Hampshire and New Jersey require purveyors to implement leak detection. New Hampshire requires water purveyors 
to repair all leaks within 60 days of being discovered. New Jersey requires purveyors to “proceed expeditiously to correct 
leakage.” New Hampshire requires purveyors to develop and implement a response plan if lost water exceeds 15 percent of 
total water. Washington requires something similar of purveyors with 500 or more connections when water loss is greater 
than 10 percent for the prior three-year average, greater than 20 percent for purveyors with fewer than 500 connections. 
New Jersey requires the purveyors with the highest proportion of lost water for each purveyor size class to reduce losses to 
the median percentage for that class within one year, or else be subject to a specified compliance schedule. 

17 GA. CODE ANN. § 8-2-3.
18 GA. CODE ANN. § 12-5-180.1.

  
  (c)	 The standards related to high-efficiency plumbing fixtures shall include without limitation, the following
	 . . . .
	 (4) 	 A lavatory faucet or lavatory replacement aerator that allows a flow of no more than 1.5 gallons of water per minute 	

	 at a pressure of 60 pounds per square inch . . . .17

	 . . . .
  (c) 	 All new multiunit residential buildings permitted on or after July 1, 2012, shall be constructed in a manner which will permit 

the measurement by a county, municipal, or other public water system or by the owner or operator of water use by each 
unit. This subsection shall not apply to any building constructed or permitted prior to July 1, 2012, which is thereafter: (1) 
renovated; or (2) following a casualty or condemnation, renovated or rebuilt.

  (d) 	 All new multiunit retail and light industrial buildings permitted or with a pending permit application on or after July 1, 
2012, shall be constructed in a manner which will permit the measurement by the owner or operator of water use by each 
unit. This subsection shall not apply to any building constructed or permitted prior to July 1, 2012, which is thereafter: (1) 
renovated; or (2) following a casualty or condemnation, renovated or rebuilt. This subsection is not intended to apply to 
newly constructed multiunit office buildings or office components of mixed use developments. Multiunit office buildings and 
the office component of mixed use developments may seek reimbursement from office tenants for water and waste-water 
use through an economic allocation which approximates the water use of each tenant based on square footage. The retail 
component of a mixed use development shall be constructed in a manner which will permit the measurement by the owner 
or operator of water use by each retail unit.18
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New Jersey
  (b) 	 For each purveyor size class, the Department shall determine the percentage of purveyors having the highest proportion 

of unaccounted-for water, and these purveyors will be determined by the Department to be provisionally delinquent.  
This determination may not include more than 35 percent of the total number of purveyors each year. . . . 

  (c)	 Purveyors found provisionally delinquent will be allowed one year in which to take appropriate corrective action . . .   
an annual review of each provisionally delinquent purveyor will be conducted by the Department. 

	 1. 	 If the review establishes that the percentage of unaccounted-for water has been reduced to the median percentage  
	 for purveyors of that class, the provisionally delinquent status of the purveyor will be terminated. 

	 2. 	 If the provisionally delinquent status is reaffirmed and unless the purveyor submits a schedule for corrective action 	
	 which is approved by the Department, an order will be issued by the Department, requiring  the elimination of all 	
	 undue losses in the system in accordance with a specified compliance schedule.20

   . . . .
   [A]ll public community water systems shall: 
	 1. 	 Proceed expeditiously to correct leakage in the total distribution system, as detected through a systematic program 	

	 to monitor leakage.21

Washington
  (1)
    . . . .
	 (b) 	 Municipal water suppliers will be considered in compliance with this section if any of the following conditions  

	 are satisfied: 
		  (i) 	 Distribution system leakage calculated in accordance with subsection (2) of this section is ten percent or 	

		  less for the last three-year average; 
		  (ii) 	 Distribution system leakage calculated under subsection (3) of this section meets the numerical  

		  standards for the approved alternative methodology for the last three-year average; 
		  (iii) 	 For systems serving less than five hundred total connections, distribution system leakage calculated in 	

		  accordance with subsection (2) of this section is twenty percent or less for the last three-year average and 	
		  the steps outlined in subsection (5) of this section are completed; or 

		  (iv) 	 A water loss control action plan has been developed and implemented under subsection (4) of this section  
		  and the system is meeting the implementation schedule.

	 . . . .
  (4) 	 If the average distribution system leakage for the last three years does not meet the standard calculated under  

subsection (1)(b)(i), (ii), or (iii) of this section, the municipal water supplier shall develop and implement a water loss control 
action plan . . . . 22

New Hampshire
  (g) 	 [New community water systems and large existing ones obtaining a new source of water] shall implement a water audit and 

leak detection program in accordance with “Manual of Water Supply Practices, Water Audits and Leak Detection”. . . . 
  (h) 	 The water system shall repair all leaks identified by the activities required by (g), above, within 60 days of discovery unless 

a waiver is obtained . . . .
  (i)	 The water system shall estimate the volume and percentage of unaccounted-for water once every year using protocols and 

procedures described in “Manual of Water Supply Practices, Water Audits and Leak Detection” . . . .
  (j) 	 The water system shall prepare and submit a response plan to the department within 60 days if the percentage of unaccounted 

for water in the water system . . . exceeds 15% of the total water introduced to the water system. 
  (k)	 The response plan prepared pursuant to (j), above, shall identify how the water system intends to reduce the percentage 

of unaccounted-for water to below 15% within 2 years, except for leaks that have been identified which must be repaired 
in accordance with (h), above.

	 . . . .
  (m) 	 The water system shall implement the response plan in accordance with the approved schedule upon receiving approval 

from the department.19

19 N.H. CODE ADMIN. R. ANN. Env-Wq 2101.04 - .05.
20 N.J. ADMIN. CODE tit. 7, § 19-6.4.
21 N.J. ADMIN. CODE tit. 7, § 19-6.5(a).
22 WASH. ADMIN. CODE § 246-290-820.
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Good Non-Revenue Water Accounting Practices
Texas, Tennessee, and Georgia are very different from the previous examples and do not have the strong legal 
foundation. For all three, authority is given in statute to a state board to develop a water loss reporting methodology; 
the state boards then adopt requirements that all employ the current water audit methods. In the case of Tennessee, 
evidence of a poor reporting score means referral to a review board with the potential for a fine or mandate to correct 
high leakage rates, but even those potential corrective action options are not actually specified. The common weakness 
among these three states is that the methodologies are not written in statute and can be changed without an official rule 
making process. Statutes, of course, can be changed, but this entails an official and much more intensive process than 
changing policy created through the administrative action of a board.  

Texas law requires water utilities to conduct a water loss audit using the methodology developed by the Texas Water 
Development Board. Tennessee has statutory language that gives the Utility Management Review Board authority to 
create a methodology for estimating average unaccounted for water. On June 6, 2012 new rules were adopted by the 
Utility Management Review Board that require water utilities to use the AWWA water audit software. Interestingly, the 
statute still contains the language “unaccounted for water” while the new rules adopted by the board use “non-revenue 
water.” The latter represents preferred nomenclature, but the former lingers in statute. Georgia gives authority to the 
Board of Natural Resources to develop water loss methodology, which uses the AWWA water audit software. 

Texas utilities are not eligible for financial assistance for water supply projects if they fail to complete an audit. Tennessee 
utilities that don’t submit a water loss audit will be, “referred to the utility management review board.” There is no 
statutory hook for Georgia utilities that fail to submit an audit. Texas requires the audit every five years, and Tennessee 
every year, while Georgia does not indicate any reoccurring reporting requirements beyond the initial filing deadline of 
January 2012 (January 2013 for utilities serving less than 10,000 individuals).

An ideal water loss policy would incorporate both strong statutory requirements and industry best practices for 
calculating water loss. It is hoped that this report will highlight the need for formally adopting these newest accounting 
methods for auditing and quantifying non-revenue water, as referenced in the AWWA M36 Manual,  
in state statutes and regulations.

Question 9
Conservation and Water Permitting

Question 9 asks whether the state requires conservation activities as part of its water permitting process. The answer 
for most states is yes, but linkage to existing plans, the amount and quality of information required, the consideration 
that must be given by the permitting agency, the authority of the permitting agency to condition a permit, and the 
types of conditions possible vary. Ideally, a state will require all municipal water permittees to plan for and adopt specific 
water conservation measures, and condition the permit on implementation of those measures and others that may be 
necessary in the future. Limited credit was given to states that required nothing more regarding water conservation in 
the course of the permitting process than the development of a conservation plan. At least partial credit was given to 
states that have established a process for review of plan implementation, expressly allow water rights to be conditioned 
or rejected based on water conservation, or require conservation provisions on all water permits or licenses. 

California, Georgia, and Massachusetts received top points for their robust permitting requirements regarding water 
conservation. Massachusetts requires water withdrawal applications to include a description of existing and planned 
water conservation measures and a water conservation program and implementation timetable. Massachusetts also 
requires the reviewing agency to consider the conservation practices and measures in its decision-making. Georgia 
requires water withdrawal permitting decisions to be made in accordance with the statewide and regional water 
management plans. Massachusetts requires all permits to be conditioned on implementation of water conservation 
measures. California also requires all permits to contain a water conservation condition, but that condition is more 
extensive, establishing the continuing authority of the permitting agency to impose additional requirements at a later 
date to eliminate waste of water and avoid unreasonable draft on the source. Massachusetts requires each permit holder 
to file an annual statement of new conservation measures implemented within the past year and of the savings due to 
conservation measures. 
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California
	 In addition to the applicable standard terms which are included in each permit, the following terms shall be included in 

every water right permit issued by the board, and shall be included in every existing permit as a condition for granting an 
extension of time to commence or to complete construction work or to apply the water to full beneficial use: 

	 (a) Continuing Authority… The continuing authority of the board may be exercised by imposing specific requirements 
over and above those contained in this permit with a view to eliminating waste of water and to meeting the reasonable 
water requirements of permittee without unreasonable draft on the source. Permittee may be required to implement a 
water conservation plan, features of which may include but not necessarily be limited to: 

			   (1) 	 reusing or reclaiming the water allocated;  
		  (2) 	 using water reclaimed by another entity instead of all or part of the water allocated; 

		  . . . .
		  (4) 	 suppressing evaporation losses from water surfaces; 
		  . . . . and

		  (6) 	 to installing, maintaining, and operating efficient water measuring devices to assure compliance with the quantity  
		  limitations of this permit and to determine accurately water use as against reasonable water requirements for the 
		  authorized project.23

Georgia
	 The division shall make all water withdrawal permitting decisions in accordance with this chapter, the comprehensive 

state-wide water management plan that has been approved or enacted by the General Assembly as provided by this 
article, and any applicable regional water development and conservation plan, including, but not limited to, restrictions, 
if any, on diversion from or reduction of flows in other watercourses. Any political subdivision or local water authority that 
is not in compliance with the plan shall be ineligible for state grants or loans for water projects, except for those projects 
designed to bring such political subdivision or local water authority into compliance with the plan.24

Massachusetts
	 Every registration statement must contain, at a minimum . . . (f) Conservation measures instituted, or to be instituted,  

by the registrant . . . .25 
. . . .

	 Each permit application filing shall include, at a minimum . . . (f) a description of water conservation measures  
instituted or to be instituted by the applicant, including a schedule for implementation of those measures.26 
. . . .

	 Each permit applicant must submit, in accordance with guidelines developed by the Department, a detailed water  
conservation program and implementation timetable with the permit application.27 
. . . .

	 In reviewing a permit application, the Department shall consider at least the following . . . (h) reasonable conservation 
practices and measures . . . .28 
. . . .

	 All permits shall be conditioned on at least the following . . . (e) implementation of water conservation measures. . .29 
. . . .

	 Each permit holder shall file an annual statement of withdrawal which includes at least the following . . .  
(b) conservation measures instituted in the past 12 months; (c) savings due to conservation measures  
implemented . . . .30

23 CAL. CODE REGS. tit. 23, § 780.
24 GA. CODE ANN. § 12-5-522(e).
25 MASS. REGS. CODE tit. 310, § 36.06(2).
26 MASS. REGS. CODE tit. 310, § 36.20(1).
27 MASS. REGS. CODE tit. 310, § 36.25(1)
28 MASS. REGS. CODE tit. 310, § 36.26(1).
29 MASS. REGS. CODE tit. 310, § 36.28(1).
30 MASS. REGS. CODE tit. 310, § 36.33(1)..
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Arizona
	 [E]ach community water system shall prepare and submit to the director a system water plan that includes . . .  

[a] drought preparedness plan.31

	 . . . .
  	 The drought preparedness plan shall be designed to meet the specific needs of the water system for which it applies  

and shall include: 
	 1. 	 The name, address and telephone number of the community water system and the names of the officers or other 	

	 persons responsible for directing operations during a water shortage emergency. 
	 2. 	 Drought or emergency response stages providing for the implementation of measures in response to reduction in 	

	 available water supply due to drought . . . . 
	 3. 	 A plan of action that the community water system will take to respond to drought or water shortage conditions, 	

	 including: 
		  (a) 	 Provisions to actively inform the public of the water supply shortage and a program for continued 		

		  education and information regarding implementation of the drought preparedness plan. 
		  (b) 	 Development of emergency supplies, which may include identification of emergency or redundant 		

		  facilities to withdraw, divert or transport substitute supplies of the same or other types of water. 
     		  (c)	 Specific water supply or water demand management measures for each stage of drought or water shortage 	

		  conditions, subject to approval by the corporation commission if the community water system is a public  
		  service corporation. This requirement may be met by providing a curtailment tariff on file with the corporation 
 		  commission.32

	 . . . .
 	 [A] large community water system . . . shall submit an updated plan within six months prior to January 1 of every fifth 

calendar year . . . .33

Question 10
Drought Plans

Question 10 asks whether water utilities or municipalities are required to plan for drought, and if so, how frequently 
they need to reexamine their drought plans. Ideally, state law will require water utilities and/or municipalities to prepare 
drought plans at least every five years, and the law will include a robust, detailed framework outlining the required 
elements of an acceptable drought plan. An independent drought planning process is superior to a requirement that 
drought plans be submitted with water rights permit applications mainly for two reasons: 

	 1. 	 In reviewing a permit application, the state must consider a variety of diverse factors and interests, and 		
	 therefore may not rigorously evaluate the contents of the drought plan, and 

	 2. 	 A drought plan connected to the permitting process is likewise connected to the state’s permit renewal 		
	 schedule and enforceability regime. 

A number of states require municipalities to prepare “emergency” plans, but do not mention drought specifically in their 
plan preparation instructions. Because emergency plans are geared towards terrorism, mechanical failures, and storm 
events, these states received no credit; droughts are distinct from typical public infrastructure emergencies and require 
the implementation of unique water conservation policies and measures. Another portion of states received limited 
credit for requirements that water rights permit applicants prepare drought plans, or that drought plans to be prepared 
but not regularly updated. The states highlighted following: Arizona and Texas, both received top points for their 
robust drought plan requirements. 

Both Arizona and Texas require water suppliers to develop drought plans, submit the plans to the state for review, and 
update the plans every five years. Arizona’s detailed plan requirements are concise but sufficient; the state asks water 
systems to identify and describe water reduction measures, public education initiatives, alternative water supplies, 
and demand management strategies. Texas’ drought plan requirements are slightly more detailed than Arizona’s, 
but essentially target the same planning elements. Texas additionally requires drought plans to include enforcement 
procedures, such as fines and service discontinuation, to ensure mandatory water use restrictions are followed. Further- 
more, Texas requires drought plans to be consistent with broader regional water plans, thus ensuring a cohesive 
multi-level water planning process across the state.

31 ARIZ. REV. STAT. § 45-342(A)(2).
32 ARIZ. REV. STAT. § 45-342(I).
33 ARIZ. REV. STAT. § 45-342(B)
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Texas
  (5) 	 Drought contingency plans for retail public water suppliers. Retail public water suppliers shall submit a drought contingency  

plan meeting [applicable] requirements . . . to the executive director after adoption by its governing body. The retail public  
water system shall provide a copy of the plan to the regional water planning group for each region within which the water 
system operates.34

	 . . . .
  (1) 	 Minimum requirements. Drought contingency plans shall include the following minimum elements.

(A) 	 Preparation of the plan shall include provisions to actively inform the public and affirmatively provide opportunity for 
public input. Such acts may include, but are not limited to, having a public meeting at a time and location convenient 
to the public and providing written notice to the public concerning the proposed plan and meeting.

(B) 	 Provisions shall be made for a program of continuing public education and information regarding the drought  
contingency plan.

(C) 	 The drought contingency plan must document coordination with the Regional Water Planning Groups for the service 
area of the retail public water supplier to insure consistency with the appropriate approved regional water plans.

(D) 	 The drought contingency plan shall include a description of the information to be monitored by the water supplier, and 
specific criteria for the initiation and termination of drought response stages, accompanied by an explanation of the 
rationale or basis for such triggering criteria.

(E) 	 The drought contingency plan must include drought or emergency response stages providing for the implementation 
of measures in response to at least the following situations:

			   (i) reduction in available water supply up to a repeat of the drought of record; 
		  . . . . 

      (F) 	 The drought contingency plan must include the specific water supply or water demand management 			 
	 measures to be implemented during each stage of the plan including, but not limited to, the following:

		  (i) 	 curtailment of non-essential water uses; and

		  (ii) 	 utilization of alternative water sources and/or alternative delivery mechanisms with the prior 			 
		  approval of the executive director as appropriate (e.g., interconnection with another water system, 			 
		  temporary use of a non-municipal water supply, use of reclaimed water for non-potable purposes, etc.).

	 (G) 	 The drought contingency plan must include the procedures to be followed for the initiation or termination  
	 of each drought response stage, including procedures for notification of the public.

	 (H) 	 The drought contingency plan must include procedures for granting variances to the plan.

	  (I) 	 The drought contingency plan must include procedures for the enforcement of any mandatory water use 			 
	 restrictions, including specification of penalties (e.g., fines, water rate surcharges, discontinuation of service)  
	 for violations of such restrictions.

  (2) 	 Privately-owned water utilities. Privately-owned water utilities shall prepare a drought contingency plan in accordance with 
this section and shall incorporate such plan inwto their tariff.

  (3) 	 Wholesale water customers. Any water supplier that receives all or a portion of its water supply from another water supplier 
shall consult with that supplier and shall include in the drought contingency plan appropriate provisions for responding to 
reductions in that water supply.

  (c) 	 The retail public water supplier shall review and update, as appropriate, the drought contingency plan, at least every  
five years, based on new or updated information, such as the adoption or revision of the regional water plan.35

34 30 TEX. ADMIN. CODE § 288.30.
35 30 TEX. ADMIN. CODE § 288.20.
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Question 11
Water Conservation Plans

Question 11 asks whether the state requires water utilities and/or municipalities to prepare water conservation plans. 
Unlike drought emergency plans, which only apply during drought emergency events, water conservation plans outline 
measures that are broadly applicable at all times of operation to promote efficient water use. 

States received full credit for requirements that cover a large set of water suppliers outside of the permitting process. 
Many states have no law regarding water conservation planning. A portion of states only require water conservation 
planning with permit applications, or for new appropriators. Because conservation planning associated with water rights 
permitting is examined in Question 9, those states received no credit here. Ideally, states should require all suppliers to 
undertake an independent water conservation planning process separate from permitting. As with drought planning, an 
independent water conservation planning process is superior. 

California, Colorado, Rhode Island, Utah, Washington, and Wisconsin received top points for their broadly applicable 
water conservation planning requirements. These states represent a range of ways to describe and require water 
conservation planning processes. For instance, California requires conservation planning within its mandated urban 
water management plans. Along with water conservation planning requirements, California urban water management 
plans also require an identification of water use reduction targets based on the 20x2020 requirements added in 2009 
legislation.36 Colorado is representative of how broadly the law can define the scope of entities required to undertake 
water conservation planning. 

Rhode Island uniquely employs a “Water Use Efficiency Rule” to establish targets for per capita per day water use, 
leakage, efficient use, and accurate metering, then lists required and optional methods for reaching those targets, which 
users must include in their plans. Utah’s law includes a hearty definition of “water conservation plan.” Washington’s 
definition of a water conservation plan is notable in its specificity; a water plan must include both a resource analysis 
component and a financial evaluation component, both stretching at least 20 years into the future. Finally, Wisconsin 
represents how water conservation planning can vary by source; Wisconsin has one generally applicable planning 
process for public water suppliers, and another planning process only applicable to large withdrawers from the Great 
Lakes Basin. 

California
  (a) 	 Every urban water supplier shall prepare and adopt an urban water management plan . . . . 

  (b) 	 Every person that becomes an urban water supplier shall adopt an urban water management plan within one year after 
it has become an urban water supplier. . . .37

  (a)  	 The state shall achieve a 20-percent reduction in urban per capita water use in California on or before December 31, 
2020.38

   . . . . 
  (e) 	 An urban retail water supplier shall include in its urban water management plan due in 2010 pursuant to Part 2.6 

(commencing with Section 10610) the baseline daily per capita water use, urban water use target, interim urban water 
use target, and compliance daily per capita water use, along with the bases for determining those estimates, including 
references to supporting data... (g) An urban retail water supplier may update its 2020 urban water use target in its 2015 
urban water management plan required pursuant to Part 2.6 (commencing with Section 10610).39

Colorado
	 ‘Covered entity’ means each municipality, agency, utility, including any privately owned utility, or other publicly owned 

entity with a legal obligation to supply, distribute, or otherwise provide water at retail to domestic, commercial, industrial, 
or public facility customers, and that has a total demand for such customers of two thousand acre-feet or more. 40

	 Each covered entity shall . . . develop, adopt, make publicly available, and implement a plan pursuant to which such covered 
entity shall encourage its domestic, commercial, industrial, and public facility customers to use water more efficiently.41

36 SB X7-7, 2009 - http://www.water.ca.gov/wateruseefficiency/sb7/37 CAL. WAT. CODE § 10620(1)(b).
38 CAL. WAT. CODE § 10608.16(a)
39 CAL. WAT. CODE § 10608.20
40 CAL. WAT. CODE § 10620(2)(a).
41 COLO. REV. STAT. § 37-60-126.  

http://www.water.ca.gov/wateruseefficiency/sb7/
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Rhode Island
	 Rhode Island’s “Water Use Efficiency Rule” establishes targets for per capita per day water use, leakage, efficient use, and 

accurate metering.42

	 Suppliers shall prepare a Water Efficiency and Demand Management Strategy (DMS) to achieve targets identified in section 
3.0 through the application of required methods in section 4.1 and through the application of selected optional methods 
listed in section 4.2 and or any other methods as appropriate.43

	 All water suppliers and institutional water suppliers which obtain, transport, purchase, or sell more than 50,000,000 gallons 
of water per year shall be required to prepare, maintain, and carry out a Water Supply Systems Management Plan (WSSMP) 
as described by these procedures.

Utah
	 “Water conservation plan” means a written document that contains existing and proposed water conservation measures 

describing what will be done by retail water providers, water conservancy districts, and the end user of culinary water to 
help conserve water and limit or reduce its use in the state in terms of per capita consumption so that adequate supplies of 
water are available for future needs. . . . 45

	 [E]ach water conservancy district and each retail water provider shall: prepare and adopt a water conservation plan if one 
has not already been adopted . . . .46

42 96-110-008 R.I. CODE R. § 3.0.
43 96-110-008 R.I. CODE R. § 5.2.
44 96-110-008 R.I. CODE R. § 7.00.
45 UTAH CODE ANN. § 73-10-32(1)(f)(f).
46 UTAH CODE ANN. § 73-10-32(3)(a)(i)(A).
47 WASH. ADMIN. CODE § 246-290-100.
48 WIS. STAT. § 281.348(3)(a).
49 WIS. STAT. § 281.346(4s)(a).
50 WIS. ADMIN. CODE NR § 852.04.

Washington
  (2) 	 Purveyors . . . shall submit a water system plan for review and approval by the department:  

. . . . 
  (4) 	 In order to demonstrate system capacity, the water system plan shall address the following elements, as a minimum,  

for a period of at least twenty years into the future:  
	 . . . . 

		  (f) Water resource analysis, including: 
			   (i) 	  A water use efficiency program 

		  . . . . 
			   (vii)  For systems serving one thousand or more total connections, an evaluation of opportunities for  

			     the use of reclaimed water, where they exist 
	 . . . .

 		  (j) Financial program, including demonstration of financial viability by providing:  
		  . . . . 

			   (iv) 	An evaluation that has considered: 
			   . . . .

				    (B)   The feasibility of adopting and implementing a rate structure that encourages water demand 		
		               efficiency.47

Wisconsin
  1. 	 The department shall establish, by rule, and administer a continuing water supply planning process for the preparation of 

water supply plans for persons operating public water supply systems. . . . 

  2. 	 A person operating a public water supply system that serves a population of 10,000 or more and that withdraws water from 
the waters of the state shall have an approved plan . . . . 48

	 The department shall issue one or more general permits to cover withdrawals from the Great Lakes basin that average  
100,000 gallons per day or more in any 30-day period but that do not equal at least 1,000,000 gallons per day for any 30 
consecutive days.49

	 All persons identified [as withdrawers from the Great Lakes Basin] . . . shall submit with the application for a new or increased 
withdrawal, diversion, or water loss approval . . . (1) A water conservation plan . . . .50
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Question 12
State Approval of Water Conservation Plans

Question 12 seeks information about the amount of control the state exercises over local water conservation planning 
processes. Ideally, a state agency will have the authority to review, and approve or reject water conservation plans 
independent of a water rights permitting process and against specified criteria. State approval authority helps to 
ensure that water conservation planning is cohesive across the state, and makes certain that plans meet all legal 
requirements. An independent approval process outside of permitting is ideal; however, states received additional 
credit where reviewing the sufficiency of the water conservation plan was a distinct and substantive element of permit 
application review. Although the question did not seek information on the extent to which entities must involve 
stakeholders in the planning process, bonus points were awarded for notice and comment procedures, mandatory 
public hearings, and other measures to promote broad involvement of stakeholders in the plan adoption process. 
Additionally, extra credit was awarded where the law sets forth specific criteria against which the state must evaluate 
conservation plans. 

The states highlighted here are: Connecticut, Colorado, Kentucky, and Virginia. Both Connecticut and Virginia are 
notable in that they allow interested state agencies and other entities to provide comments on the proposed plans 
before the state decides whether to approve or reject the plan. Additionally, both states list criteria against which 
plans will be judged. Virginia, in particular, has a detailed checklist for plan approval. Kentucky’s regulations focus on 
whether the plan complies with all applicable laws and regulations, and further, whether the plan is consistent with 
broader state resource plans. Although Colorado’s criteria are not set forth by statute, the law does specifically require 
the reviewing state entity to draft guidelines and methods for the review of water conservation plans. Finally, Virginia 
law contains robust notice and comment requirements allowing all interested persons to comment on approval of 
proposed plans.

51 	CONN. AGENCIES REGS. § 25-32d-5(c).

Connecticut 
  (1) 	 The Department of Environmental Protection and the Department of Public Utility Control, in the case of any plan which 

may impact any water company regulated by the Department of Public Utility Control, shall have ninety (90) days upon 
notice that a plan is deemed complete to comment on the plan. In the event that either the Department of Environmental 
Protection or the Department of Public Utility Control, in the case of any plan which may impact any water company 
regulated by the Department of Public Utility Control, fails to provide written comments within ninety (90) days, the 
Department of Public Health shall notify, in writing, both departments of such failure, and in sixty (60) days from issuance 
of such notice, the Department of Public Health shall make a determination on approval, modification, or rejection of the 
plan using all available information. If within sixty (60) days following the issuance of such notice, the Department of Public 
Utility Control or the Department of Environmental Protection provides written comments on such plan, the Department 
of Public Health shall approve or reject such plan as appropriate based on such comments. If within sixty (60) days of the 
issuance of the above notice, the Department of Public Utility Control or the Department of Environmental Protection fails 
to provide written comments on such plan, such department shall upon expiration of such sixty (60) day period issue a 
letter concurring with such plan and the Department of Public Health shall approve or reject such plan as the Department 
of Public Health deems appropriate. Notwithstanding the above, the Department of Public Health may reject any plan 
deemed acceptable to the Department of Public Utility Control and the Department of Environmental Protection. 

  (2) 	 The department in making a decision to approve, modify or reject a plan shall consider the following: 

	 (A) 	 the ability of the company to provide a pure, adequate and reliable water supply for present and projected future 	
	 customers; 

	 (B) 	 adequate provision for the protection of the quality of future and existing sources; 

	 (C) 	 comments from state agencies; and 

	 (D) 	 consistency with state regulations and statutes. 

  (3) 	 Within sixty days after the Department of Environmental Protection and the Department of Public Utility Control, in the 
case of a water company regulated by that agency, have commented to the department regarding whether a plan should 
be approved, or in no case more than one hundred and fifty days after written notice that the plan has been deemed 
complete, the commissioner shall advise the water company whether the plan is rejected, approved or approved with 
conditions. 

  (4) 	 If the commissioner fails to approve or reject the plan within the timeframes required . . . the plan shall be deemed approved 
as submitted. 

  (5) 	 If the commissioner rejects the plan, he shall advise the water company in writing that the plan is being rejected and the 
reason the plan cannot be approved as submitted.51
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Colorado
	 The board shall adopt guidelines for the office to review water conservation plans submitted by covered entities and other 

state or local governmental entities. The guidelines shall define . . . the methods for office review and approval of the plans 
. . . .52

Kentucky
	 The planning council shall submit one (1) copy of the plan formulation document and three (3) copies of the final plan 

document to the [Energy & Environment] cabinet. 
(a) 	 No plan shall be approved by the cabinet unless it meets all the provisions of this administrative regulation and is  

consistent with state laws and administrative regulations. 
(b) 	 The cabinet shall examine the plan for consistency with other water supply plans that have been approved by the  

cabinet pursuant to this administrative regulation. . . . If any portion of any county in a planning unit is located within 
the watershed of the Kentucky River, the cabinet shall examine the plan for consistency with administrative regulations 
promulgated by the Kentucky River Authority and with the Kentucky River Authority’s water resource plan and notify  
the planning council and the Kentucky River Authority of inconsistencies.53

Virginia
  A. 	 The [State Water Control] board shall review all programs to determine compliance with this regulation and consistency with 

the State Water Resources Plan. The board will review adopted elements of a local program according to review policies 
adopted by the board. Copies of the adopted local program documents and subsequent changes thereto shall be provided 
to the board.

  B. 	 To assist in the review of the program, the board shall provide the Department of Health and other agencies listed in  
9 VAC 25-780-150 B along with any other agency the board deems appropriate, 90 days to evaluate the program.  
. . . 

  C. 	 The board will assess the compliance of submitted programs with these regulations. The board shall prepare a tentative 
statement of findings on whether the program has demonstrated compliance with the following:

		  1. 	 All elements of a local program identified in 9 VAC 25-780-50 have been submitted;
		  2. 	 The program was developed through a planning process consistent with this chapter;
		  3. 	 The results of any evaluation conducted pursuant to subsection G of this section have been appropriately 	

		  accommodated;
		  4. 	 The existing sources information complies with 9 VAC 25-780-70;
		  5. 	 The existing water use information complies with 9 VAC 25-780-80;
		  6. 	 The existing resources information complies with 9 VAC 25-780-90;
		  7. 	 The projected water demand is based on an accepted methodology and complies with 9 VAC 25-780-100;
		  8. 	 The water demand management information complies with 9 VAC 25-780-110;
		  9. 	 The drought response and contingency plan complies with 9 VAC 25-780-120;
		  10. 	 The statement of need complies with 9 VAC 25-780-130 A;
		  11. 	 When required, the alternatives comply with 9 VAC 25-780-130;
		  12. 	 The local program is consistent with 9 VAC 25-390-20, § 62.1-11 of the Code of Virginia and Chapter 3.2  

		  (§ 62.1-44.36 et seq.) of Title 62.1 of the Code of Virginia.
  D. 	 If the board’s tentative decision is to find the local program in compliance with subsection C of this section, the board shall 

provide public notice of its findings pursuant to 9 VAC 25-780-150.
  E. 	 If the tentative decision of the board is to find the local program in noncompliance with subsection C of this section, the 

board shall identify (i) the reason for the finding of noncompliance, (ii) what is required for compliance, and (iii) the right to 
an informational proceeding under Article 3 (§ 2.2-4018 et seq.) of Chapter 40 of the Virginia Administrative Process Act.

  F. 	 The board shall make a final decision on whether the local program is in compliance with this chapter after completing 
review of the submitted program, any agency comments received, and any public comment received from a public meeting 
held pursuant to 9 VAC 25-780-160.

  G. 	 In conjunction with the compliance determination made by the board, the state will develop additional information and 
conduct additional evaluation of local or regional alternatives in order to facilitate continuous planning. This additional 
information shall be included in the State Water Resources Plan and used by localities in their program planning. This 
information shall include:

		  1.	 A cumulative demand analysis, based upon information contained in the State Water Resources Plan and other 	
		  sources;

		  2. 	 The evaluation of alternatives prepared pursuant to 9 VAC 25-780-130 B and C;
		  3. 	 The evaluation of potential use conflicts among projected water demand and estimates of requirements  

		  for in-stream flow; and 

52 	COLO. REV. STAT. § 37-60-126(7)(a).
53 	401 KY. ADMIN. REGS. 4:220 § 7(4).



30 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies

	 4. 	 An evaluation of the relationship between the local plan and the State Water Resources Plan.
  H. 	 The board may facilitate information sharing and discussion among localities when potential conflicts arise with regard to 

demands upon a source.
   I. 	 A local program’s information shall be included in the State Water Resource Plan when determined to be in compliance by 

the board. 54

  . . . . 
  A. 	 The board shall give public notice on the department website for every tentative and final decision to determine local 

program compliance.
  B. 	 The board shall give public notice to the Department of Health, the Department of Conservation and Recreation, the Marine 

Resources Commission, the Department of Historic Resources, and the Department of Game and Inland Fisheries for every 
tentative and final decision on program compliance. The agencies shall have 90 days to submit written comment. At the 
request of the applicant, the board will convene a technical evaluation committee meeting to facilitate receipt of these 
comments.

  C. 	 The board shall provide a comment period of at least 30 days following the date of the public notice for interested persons 
to submit written comments on the tentative or final decision. All written comments submitted during the comment period 
shall be retained by the board and considered during its final decision. 

  D. 	 Commenters may request a public meeting when submitting comments. In order for the board to grant a public meeting, 
there must be a substantial public interest and a factual basis upon which the commenter believes that the proposed program 
might be contrary to the purposes stated in 9 VAC 25-780-20. . . .55

Question 13
Updating Water Conservation Plans

A water conservation plan is most useful if it is relevant and updated. Accordingly, Question 13 asks how often water 
conservation plans must be updated or resubmitted to the state. States received limited credit where updates are required 
on an 11- to 24-year schedule, middling credit for a 7- to 10-year schedule, and top credit for a 1- to 6-year schedule. 

Although almost a dozen states received top credit, the update requirements of Massachusetts, South Carolina, and 
Texas are notable. Although conservation plan approval is connected to permit application approval in Massachusetts, 
Massachusetts’ regulations require permits with terms greater than five years to be reviewed every five years for 
compliance. Additionally, regulations explicitly authorize the reviewing state agency to modify permit conditions and 
terms based on the updated information submitted by the applicant. In South Carolina, conservation plans are also linked 
to the permitting process. Interestingly, South Carolina allows the state permitting agency to issue permits for a period 
even less than five years, should the agency find a shorter period necessary to conserve water resources. Finally, in Texas, 
water conservation plan updates are required every five years to coincide with regional water planning efforts. Importantly, 
implementation reports must accompany any revised water conservation plans that are submitted to the State of Texas  
for review. 

South Carolina 
	 No permit shall be issued for a period longer than the following: 
	 a. 	 Five (5) years; [or] 
	 b. 	 The period found by the Department necessary to conserve and protect the resource, prevent waste, and to 	

	 provide and maintain conditions which are conducive to the development and use of water resources . . .57

54 9 VA. ADMIN. CODE § 25-780-140.
55 9 VA. ADMIN. CODE § 25-780-150.
56 310 MASS. CODE REGS. 36.33(4).
57 S.C. CODE ANN. REGS. 61-113(H)(1).

Massachusetts
	 Each holder of a permit which has a term greater than five years shall file every five years for a review of the permit on a 

form provided by the Department at least 60 days prior to the fifth anniversary of the original permit application date.  
The permit holder shall submit at the time of service any additional information requested by the Department. . . . 
The Department will review for adequacy and compliance all permit conditions and provisions, additional information 
submitted by the applicant, and any available safe yield information. The Department may modify permit conditions or 
provisions accordingly.56
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Texas
	 [T]he next revision of the water conservation plan for municipal, industrial, and other non-irrigation uses must be submitted 

. . . every five years . . . to coincide with the regional water planning group. Any revised plans must be submitted to the 
executive director within 90 days of adoption. The revised plans must include implementation reports.58

Question 14
Required Elements of Water Conservation Plans

Question 14 seeks information regarding the required elements of a water conservation plan. Although process is 
important to the effectiveness of plans in promoting water efficiency, the substance of the plan itself is really the heart 
of a water conservation planning process. Robust frameworks listing required plan elements drive comprehensive, 
detailed, and thoughtful conservation planning processes. Although agency guidelines are helpful tools for conservation 
planners, states that only use unenforceable or optional guidelines to steer conservation planning processes received 
no or limited credit. Middling credit was awarded for mandatory frameworks even if the frameworks lacked detail. Top 
credit went to states with especially detailed frameworks of requirements. 

States receiving top credit under Question 14 include: California and Texas. Both states have laws outlining in detail the 
elements that must be incorporated into water conservation plans. For example, in California, conservation plans must 
include: specified water demand management measures, estimated water savings, the feasibility of using recycled water, 
and the effects of water quality on water availability. Additionally, California plans must include cost-benefit analyses, 
public health and social impact analyses, implementation schedules, and identification of available implementation 
funds. Texas has an equally robust framework of what must be included in water conservation plans, including: water 
conservation goal-setting, metering programs, rate restructuring, and leak detection programs. Additionally, Texas has a 
supplemental list of plan elements that may be required at the discretion of the reviewing entity, including: water reuse, 
adoption of plumbing ordinances, landscape water management, and monitoring programs.  

58 30 TEX. ADMIN. CODE § 288.30.
59 CAL. WAT. CODE § 10631.

California
   A plan shall be adopted in accordance with this chapter that shall do all of the following:
   . . . . 
  (f) 	 Provide a description of the supplier’s water demand management measures. This description shall include all of the 

following: 
	 (1) 	 A description of each water demand management measure that is currently being implemented, or scheduled or 	

	 implementation, including the steps necessary to implement any proposed measure, including, but not limited  
	 to, all of the following: 

	 (A) 	 Water survey programs for single-family residential and multifamily residential customers. 
(B) 	 Residential plumbing retrofit.  
(C) 	 System water audits, leak detection, and repair.  
(D) 	 Metering with commodity rates for all new connections and retrofit of existing connections. 

	 (E) 	 Large landscape conservation programs and incentives. 
	 (F) 	 High-efficiency washing machine rebate programs. 
	 (G) 	 Public information programs. 
	 (H) 	 School education programs.
	 (I) 	 Conservation programs for commercial, industrial, and institutional accounts. 
	 (J) 	 Wholesale agency programs. 
	 (K) 	 Conservation pricing. 
	 (L) 	 Water conservation coordinator. 
	 (M) 	 Water waste prohibition. 
	 (N) 	 Residential ultra-low-flush toilet replacement programs.59

	 (2) 	 A schedule of implementation for all water demand management measures proposed or described in the plan.
	 (3) 	 A description of the methods, if any, that the supplier will use to evaluate the effectiveness of water demand 	

	 management measures implemented or described under the plan.
	 (4) 	 An estimate, if available, of existing conservation savings on water use within the supplier’s service area, and 	

	 the effect of the savings on the supplier’s ability to further reduce demand.
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  (g) 	 An evaluation of each water demand management measure listed in paragraph (1) of subdivision (f) that is not currently 
being implemented or scheduled for implementation. In the course of the evaluation, first consideration shall be given to 
water demand management measures, or combination of measures, that offer lower incremental costs than expanded or 
additional water supplies. This evaluation shall do all of the following:

	 (1)	 Take into account economic and noneconomic factors, including environmental, social, health, customer 			 
	 impact, and technological factors.

	 (2) 	 Include a cost-benefit analysis, identifying total benefits and total costs.
	 (3) 	 Include a description of funding available to implement any planned water supply project that would provide 		

	 water at a higher unit cost.
	 (4) 	 Include a description of the water supplier’s legal authority to implement the measure and efforts to work with 		

	 other relevant agencies to ensure the implementation of the measure and to share the cost of implementation.
  (h) 	 Include a description of all water supply projects and water supply programs that may be undertaken by the urban 

water supplier to meet the total projected water use . . . . The description shall identify specific projects and include 
a description of the increase in water supply that is expected to be available from each project. The description  
shall include an estimate with regard to the implementation timeline for each project or program.

  (i) 	 Describe the opportunities for development of desalinated water . . . . 
. . . .

  	 The plan shall provide, to the extent available, information on recycled water and its potential for use as a water source . . . 60 
. . . .

  	 The plan shall include information, to the extent practicable, relating to the quality of existing sources of water available  
to the supplier . . . and the manner in which water quality affects water management strategies and supply reliability.61

Texas 
  (1) 	 Minimum requirements. All water conservation plans for municipal uses by public drinking water suppliers shall include  

the following elements:
	 (A) 	 a utility profile including, but not limited to, information regarding population and customer data, water use 	

	 data, water supply system data, and wastewater system data;
	 (B) 	 specification of conservation goals including, but not limited to, municipal per capita water use goals, the  

	 basis for the development of such goals, and a time frame for achieving the specified goals;
	 (C) 	 metering device(s), within an accuracy of plus or minus 5.0% in order to measure and account for the amount 	

	 of water diverted from the source of supply;
	 (D) 	 a program for universal metering of both customer and public uses of water, for meter testing and repair,  

	 and for periodic meter replacement;
	 (E) 	 measures to determine and control unaccounted-for uses of water (for example, periodic visual inspections 	

	 along distribution lines; annual or monthly audit of the water system to determine illegal connections,  
	 abandoned services, etc.);

	 (F) 	 a program of continuing public education and information regarding water conservation;
	 (G) 	 a water rate structure which is not “promotional,” i.e., a rate structure which is cost-based and which does not 	

	 encourage the excessive use of water;
	 (H) 	 a reservoir systems operations plan, if applicable, providing for the coordinated operation of reservoirs owned by  

	 the applicant within a common watershed or river basin in order to optimize available water supplies; and
	 (I) 	 a means of implementation and enforcement . . . .
	 (J) 	 documentation of coordination with the Regional Water Planning Groups for the service area of the public 		

	 water supplier in order to insure consistency with the appropriate approved regional water plans.

  (2) 	 Additional content requirements. Water conservation plans for municipal uses by public drinking water suppliers serving  
a current population of 5,000 or more and/or a projected population of 5,000 or more within the next ten years  
subsequent to the effective date of the plan shall include the following elements:

	 (A) 	 a program of leak detection, repair, and water loss accounting for the water transmission, delivery, and 		
	 distribution system in order to control unaccounted-for uses of water;

	 (B) 	 a record management system to record water pumped, water deliveries, water sales, and water losses which 	
	 allows for the desegregation of water sales and uses into the following user classes:

		  (i) 	 residential;
		  (ii) 	 commercial;
		  (iii) 	 public and institutional; and
		  (iv) 	 industrial; and

60 CAL. WAT. CODE § 10633.
61 CAL. WAT. CODE § 10634.
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62 30 TEX. ADMIN. CODE § 288.2(a).

(C)   	 a requirement in every wholesale water supply contract entered into or renewed after official adoption of the plan (by 
either ordinance, resolution, or tariff), and including any contract extension, that each successive wholesale customer 
develop and implement a water conservation plan or water conservation measures using the applicable elements in this 
chapter; if the customer intends to resell the water, then the contract between the initial supplier and customer must 
provide that the contract for the resale of the water must have water conservation requirements so that each successive 
customer in the resale of the water will be required to implement water conservation measures in accordance with 
applicable provisions of this chapter.

  (3) 	 Additional conservation strategies. Any combination of the following strategies shall be selected by the water supplier,  
in addition to the minimum requirements in paragraphs (1) and (2) of this subsection, if they are necessary to achieve 
the stated water conservation goals of the plan. The commission may require that any of the following strategies be 
implemented by the water supplier if the commission determines that the strategy is necessary to achieve the goals of the 
water conservation plan:

	 (A) 	 conservation-oriented water rates and water rate structures such as uniform or increasing block rate  
	 schedules, and/or seasonal rates, but not flat rate or decreasing block rates;

	 (B) 	 adoption of ordinances, plumbing codes, and/or rules requiring water-conserving plumbing fixtures to be 		
	 installed in new structures and existing structures undergoing substantial modification or addition;

	 (C) 	 a program for the replacement or retrofit of water-conserving plumbing fixtures in existing structures;
	 (D) 	 reuse and/or recycling of wastewater and/or greywater;
	 (E) 	 a program for pressure control and/or reduction in the distribution system and/or for customer connections;
	 (F) 	 a program and/or ordinance(s) for landscape water management;
	 (G) 	 a method for monitoring the effectiveness and efficiency of the water conservation plan; and
	 (H) 	 any other water conservation practice, method, or technique which the water supplier shows to be  

	 appropriate for achieving the stated goal or goals of the water conservation plan.62

Question 15
Implementation of Water Conservation Plans

A water conservation planning process is essentially worthless if the utility or municipality is not legally required to 
implement the plan once the plan has been developed. Question 15 evaluates the extent to which state law facilitates 
plan implementation and also the extent to which plan implementation is enforceable by the state. For example, legal 
enforcement incentives to implement the plan can include monetary penalties or water rights permit revocation if the  
plan is not implemented. Provisions facilitating implementation, for example, can include requirements to submit  
reports and implementation schedules, or requirements to identify the legal and financial mechanisms necessary for  
plan implementation. 

States received minimal credit if the law included some language facilitating implementation, such as language that the 
planning entity “shall implement the plan.” States received middling credit where implementation of the conservation  
plan is incorporated as a condition to a water rights allocation permit. States received top credit where the law contained  
a combination of enforcement provisions and requirements to facilitate implementation.

States with stand-out implementation measures include: California, New Hampshire, Oregon, and Texas. California 
requires conservation plans to include a schedule for implementation and requires that plans be implemented according 
to that schedule. State water management grants and loans are conditioned upon implementation of the water demand 
management measures identified in the plan. Additionally, the state requires water providers to meet a 15 percent 
reduction in per capita water use by December 31, 2015 and a 20 percent reduction by December 31, 2020. 

In New Hampshire, compliance with implementation requirements is determined through a field inspection and submission 
of a report evidencing implementation. If the user is not implementing the required water conservation measures, the 
state can revoke the associated water rights allocation permit. In Oregon, where a water conservation plan is required, the 
planning entity must submit periodic progress reports discussing progress towards achieving five-year water conservation 
benchmarks. Progress reports are then submitted for public notice and comment. If the State of Oregon determines a 
supplier is not implementing a required plan, the state may initiate its own water regulation, rescind approval of the 
conservation plan, and, in some cases, revoke a water rights permit or assess a civil penalty. Texas requires conservation 
plans to include a copy of the legal authorities (e.g., ordinance, resolution, tariff, etc.) under which the water supplier 
will implement and enforce its conservation plan. If a water supplier is not following the minimum plan requirements or 
submitting annual reports, the reviewing state entity is authorized to take enforcement actions against the supplier. 
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California
	 The plan must include “A schedule of implementation for all water demand management measure proposed or described 

in the plan.”63 
	 An urban water supplier shall implement its plan adopted pursuant to this chapter in accordance with the schedule set  

forth in its plan.64

	 . . . 
(1) 	 Beginning January 1, 2009, the terms of, and eligibility for, a water management grant or loan made to an urban water 

supplier and awarded or administered by the department, state board, or California Bay-Delta Authority or its successor 
agency shall be conditioned on the implementation of the water demand management measures . . . . 

 (2) 	 For the purposes of this section, water management grants and loans include funding for programs and projects for 
surface water or groundwater storage, recycling, desalination, water conservation, water supply reliability, and water 
supply augmentation.  

	 . . . . 
  	 (a) 	 Each urban retail water supplier shall meet its interim urban water use target by December 31, 2015. 
	 (b) 	 Each urban retail water supplier shall meet its urban water use target by December 31, 2020.65

63 	CAL. WAT. CODE § 10631(f)(2).
64 	CAL. WAT. CODE § 10643.
65	 CAL. WAT. CODE § 10608.24
66 N.H. CODE R. ENV-WQ 2101.10.
67 N.H. CODE R. ENV-WQ 2101.12.
68 N.H. CODE R. ENV-WQ 2101.14(b).

New Hampshire
  A water user shall submit a report that demonstrates [implementation].66 

. . . . 
  (a) 	 The department shall issue or deny approval to operate a new source of water . . . within 45 days of receipt of the report
	  . . . . 
  (b)	 The department shall conduct a site visit within 30 days of receipt of the report prepared in accordance with  

Env-Wq 2101.10 in order to: 
	 (1) 	 Review the report with the water user; and 
	 (2) 	 Assess the accuracy of the processes described in the report. 
  (c) 	 The department shall issue approval to operate a new source when: 
	 (1) 	 The information in the report produced in accordance with Env-Wq 2101.10 is complete and correct; 
	 (2) 	 The information in the report produced in accordance with Env-Wq 2101.10 demonstrates that the water conserva-    	

        tion measures . . . are being or will be implemented in accordance with the timeframes specified therein; . . . . 
  (d) 	 The department shall deny approval if: 
	 (1) 	 The report submitted pursuant to Env-Wq 2101.10 does not show compliance with the requirements . . . .67 

. . . .
	 If, after the issuance of an approval, the department receives information that indicates that the information upon which the 

approval was based was not true and complete or was misleading or that the water user is not complying with applicable 
requirements of Env-Wq 2101, the department shall notify the water user of the date, time and place of a hearing at which 
the water user shall be given an opportunity to show cause why the approval should not be revoked . . . .68

Oregon
  (1) 	 Each municipal water supplier required to submit a water management and conservation plan shall exercise diligence in 

implementing the approved plan and shall update and resubmit a plan consistent with the requirements of these rules  
as prescribed during plan approval. 

	 . . . .
  (3) 	 Progress reports submitted by municipal water suppliers will be used in determining whether five-year benchmarks are 

being met, whether the Department will authorize additional diversion of water under extended permits, and/or if schedule 
changes proposed in updated plans are reasonable and appropriate. 

  (4)  	 Progress reports submitted by municipal water suppliers shall include: 
	 (a) 	 A list of the benchmarks established under OAR 690-086-0150 and a description of the progress of the municipal  

	 water supplier in implementing the associated conservation or other measure; 
	 . . . .
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(c) 	 A description of the results of the annual water audit required under OAR 690-086-0150(4)(a); and 

	 (d) 	 A comparison of quantities of water used in each sector as identified and described in OAR 690-086-0140(6) 		
	 with the quantities of water used in each sector for the previous five years. 

  (5) 	 Upon receipt of a progress report the Department shall give public notice in the weekly notice published by the Department 
and provide an opportunity for written public comment.69

	 . . . .
   	 If the Director determines that a water supplier . . . has failed to satisfactorily implement an approved water management 

and conservation plan, the Director may proceed with one or more of the following actions: 
	 (1) 	 Provide an additional, specified amount of time for remedy; 
	 (2) 	 Initiate an evaluation of the supplier’s water management practices and facilities to determine if the use of 			

	 water is wasteful; 
	 (3) 	 Initiate regulation of water use under OAR 690-250-0050 to eliminate waste; 
	 (4) 	 Rescind a previous approval of a water management and conservation plan; and 
	 (5) 	 If the submittal of the water management and conservation plan is required under a condition of a permit or an  

	 extension approved under OAR chapter 690, division 315 or 320, assess a civil penalty under OAR 690-260-0005 to 		
	 690-260-0110 or cancel the permit.70

69 OR. ADMIN. R. 690-086-0120.
70 OR. ADMIN. R. 690-086-0920.
71 30 TEX. ADMIN. CODE § 288.2(1).
72 30 TEX. ADMIN. CODE § 288.30(10)(D).
73 Colorado Water Efficiency Grant Program: cwcb.state.co.us/LoansGrants/water-efficiency-grants/Pages/main.aspx
74 Oregon Water Conservation, Re-use and Storage Grant Program: http://www.oregon.gov/owrd/Pages/LAW/conservation_reuse_storage_grant.aspx

Texas 
	 All water conservation plans for municipal uses by public drinking water suppliers shall include the following elements: 
	 . . . . 
	 (I) 	 a means of implementation and enforcement which shall be evidenced by: 
		  (i) 	 a copy of the ordinance, resolution, or tariff, indicating official adoption of the water conservation plan by 		

		  the water supplier; and 
		  (ii) 	 a description of the authority by which the water supplier will implement and enforce the conservation 		

		  plan.71

	 . . . .
	 The Texas Water Development Board shall notify the commission if the Texas Water Development Board determines that 

an entity has not complied with the Texas Water Development Board rules relating to the minimum requirements for water 
conservation plans or submission of plans or annual reports. The commission shall take appropriate enforcement action 
upon receipt of notice from the Texas Water Development Board.72

Question 16
Funding 

Each state received one point for this question for the capability to fund water efficiency and conservation programs 
through the CWSRF and DWSRF programs. An additional point was awarded if the state demonstrated funding 
opportunities beyond the drinking water and clean water state revolving fund programs. Maximum credit was given 
to 22 states for Question 16. Strong examples include Colorado’s Water Efficiency Grant Program and Oregon’s Water 
Conservation, Re-use and Storage Grant Program.73, 74 North Carolina has a unique approach that is highlighted below. 
Local governments and large community water systems must meet water efficiency and conservation requirements to 
be eligible for state funding to expand delivery or treatment capacity. 

http://cwcb.state.co.us/LoansGrants/water-efficiency-grants/Pages/main.aspx
http://www.oregon.gov/owrd/Pages/LAW/conservation_reuse_storage_grant.aspx
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Question 17
Technical Assistance 

States could earn two points for this question depending on the extent of technical assistance available. States with 
initiatives such as online resources were awarded one point, and states that offer direct technical assistance via staff 
resources were awarded two points. Arizona, California, Colorado, Florida, Minnesota, New Mexico, North Carolina, 
South Dakota, Texas, Utah, Virginia, Washington, and Wisconsin all earned maximum credit for Question 17.

Question 18
Volumetric Billing

Question 18 asks whether the state requires volumetric billing. Few states do. While good policy, metering require-
ments alone did not receive credit for this question because they do not take that final step of defining billing policy. 
Likewise, nonbinding encouragement in law for volumetric billing did not receive credit. Ideally, state law requires not 
only volumetric billing but a rate structure explicitly designed to encourage water conservation, as Minnesota and 
New Jersey law do. 

Minnesota requires all public water suppliers serving more than 1,000 people to implement demand reduction 
measures, which must include a conservation rate structure, or a uniform rate structure with a conservation program. 
New Jersey requires all public community water systems to establish water rate structures with water conservation 
incentives, unless the system has fewer than 500 connections and demonstrates that metering is not practical but 
annual average daily water use does not exceed 75 gallons per person per day.  

75 NC General Statute §143-355.4. Water system efficiency.

North Carolina
  (b) 	 To be eligible for State water infrastructure funds from the Drinking Water State Revolving Fund or the Drinking Water 

Reserve or any other grant or loan of funds allocated by the General Assembly whether the allocation of funds is to a State 
agency or to a nonprofit organization for the purpose of extending waterlines or expanding water treatment capacity, a 
local government or large community water system must demonstrate that the system:

	 (1) 	 Has established a water rate structure that is adequate to pay the cost of maintaining, repairing, and operating the 
system, including reserves for payment of principal and interest on indebtedness incurred for maintenance or  
improvement of the water system during periods of normal use and periods of reduced water use due to  
implementation of water conservation measures. The funding agency shall apply guidelines developed by the State 
Water Infrastructure Commission in determining the adequacy of the water rate structure to support operation and 
maintenance of the system.

	 (2) 	 Has implemented a leak detection and repair program.
	 (3) 	 Has an approved water supply plan pursuant to G.S. 143355.
	 (4) 	 Meters all water use except for water use that is impractical to meter, including, but not limited to, use of water for 		

	 firefighting and to flush waterlines.
	 (5) 	 Does not use a rate structure that gives residential water customers a lower per unit water rate as water use 		

	 increases.
	 (6) 	 Has evaluated the extent to which the future water needs of the water system can be met by reclaimed water.
	 (7)	 Has implemented a consumer education program that emphasizes the importance of water conservation and 

 	 that includes information on measures that residential customers may implement to reduce water consumption.  
	 (2008143, s. 9; 2010142, s. 13; 2010180, s. 16; 2011374, s. 3.2.)75
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New Jersey
	 Unless more stringent water conservation measures are required by the Department, all public community water systems 

shall… 4. File water rate structures which provide incentives for water conservation with the Department and the Board of 
Public Utilities, as appropriate; and 5. Require installation of water meters for all service connections. This shall not apply 
to fire emergency uses. Water systems with fewer than 500 service connections or systems where it is demonstrated to the 
satisfaction of the Department that metering is not practical may be exempted from metering if it is shown that the annual 
average daily water use by the system does not exceed 75 gallons per person per day.77

Minnesota
   (a) 	 For the purposes of this section, “demand reduction measures” means measures that reduce water demand, water losses, 

peak water demands, and nonessential water uses. Demand reduction measures must include a conservation rate structure, 
or a uniform rate structure with a conservation program that achieves demand reduction. A “conservation rate structure” 
means a rate structure that encourages conservation and may include increasing block rates, seasonal rates, time of use rates, 
individualized goal rates, or excess use rates. If a conservation rate is applied to multifamily dwellings, the rate structure 
must consider each residential unit as an individual user.

   (b) 	 To encourage conservation, a public water supplier serving more than 1,000 people must implement demand reduction 
measures by January 1, 2015.76

Question 19
Metered Connections 

Many states provided an answer for Question 19 that exceeded 90 percent. However, not one state was able to 
support its estimate with a citable reference. Because of this lack of adequate documentation, the project team 
decided to discard this question and not report any of the responses. Therefore, no states were scored on this item. 
While this question failed to yield useable results, it highlighted the lack of documentation and reporting among 
states in regard to the number or percentage of metered connections. 

States could create valuable information by requiring uniform metering and consistent reporting of the number of 
metered connections. Currently there are no examples to share. 

Question 20 
Microclimate Information 

States could earn two points for Question 20. Some states have climatic data that can be utilized to reduce urban 
landscape water use, but that information is not directly intended for, or targeted to, urban water customers. States 
with online ET data specifically for turfgrass earned one point. If a state demonstrated a resource designed specifically 
to improve the efficiency of urban irrigation, two points were awarded. Only eight states answered “yes” to Question 
20, and four were awarded maximum credit.

New Mexico’s Landscape Irrigation “Smart” Calculator is a great example of an initiative that targets and empowers 
urban water customers to increase landscape water use efficiency.78

76 MINN. STAT. § 103G.291(4).
77 N.J. ADMIN. CODE tit. 7, § 19-6.5(a).
78 New Mexico Landscape Irrigation “Smart” Calculator: http://wuc.ose.state.nm.us/irrcalc/

http://wuc.ose.state.nm.us/irrcalc/


38 The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies

Great Lakes States
When evaluating state level water efficiency and conservation laws and policies, the Great Lakes States fall into a class of 
their own. The Great Lakes-St. Lawrence River Water Resources Compact was signed into federal law on October 3, 2008 
and took effect December 8, 2008. The Compact contains water efficiency and conservation provisions applicable to the 
states of Illinois, Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin. Section 4.2 of the Compact, 
“Water Conservation and Efficiency Programs,” sets forth planning, implementation, and reporting requirements related 
to water conservation. 

Great Lakes-St. Lawrence River Basin Water Resources Compact
  
     1. 	 The Council commits to identify, in cooperation with the Provinces, Basin-wide Water conservation and efficiency  

objectives to assist the Parties in developing their Water conservation and efficiency program. These objectives are based 
on the goals of:

	 a. 	 Ensuring improvement of the Waters and Water Dependent Natural Resources;

	 b.	 Protecting and restoring the hydrologic and ecosystem integrity of the Basin;

	 c. 	 Retaining the quantity of surface water and groundwater in the Basin;

	 d. 	 Ensuring sustainable use of Waters of the Basin; and,

	 e. 	 Promoting the efficiency of use and reducing losses and waste of Water.

    2. 	 Within two years of the effective date of this Compact, each Party shall develop its own Water conservation and efficiency 
goals and objectives consistent with the Basin-wide goals and objectives, and shall develop and implement a Water 
conservation and efficiency program, either voluntary or mandatory, within its jurisdiction based on the Party’s goals and 
objectives. Each Party shall annually assess its programs in meeting the Party’s goals and objectives, report to the Council 
and the Regional Body and make this annual assessment available to the public.

    3.	 Beginning five years after the effective date of this Compact, and every five years thereafter, the council, in cooperation 
with the Provinces, shall review and modify as appropriate the Basinwide objectives, and the Parties shall have regard for 
any such modifications in implementing their programs. This assessment will be based on examining new technologies, 
new patterns of Water use, new resource demands and threats, and Cumulative Impact assessment under Section 4.15.

    4. 	 Within two years of the effective date of this Compact, the Parties commit to promote Environmentally Sound and 
Economically Feasible Water Conservation Measures such as:

	 a. 	 Measures that promote efficient use of Water;

	 b. 	 Identification and sharing of best management practices and state of the art conservation and efficiency  
	 technologies;

	 c. 	 Application of sound planning principles;

	 d. 	 Demand-side and supply-side Measures or incentives; and,

	 e. 	 Development, transfer and application of science and research.

    5. 	 Each Party shall implement in accordance with paragraph 2 above a voluntary or mandatory Water conservation program 
for all, including existing, Basin Water users. Conservation programs need to adjust to new demands and the potential 
impacts of cumulative effects and climate.79

79	 Pub. L. No. 110-342, 122 Stat. 3749 § 4.2 (2008). 
80	 The Great Lakes-St. Lawrence River Basin Water Resources Council Website: http://www.glslcompactcouncil.org/Resolutions.aspx#ProgramReports

Scoring the eight Great Lakes States was not as straightforward as scoring the other 42 states. Some policies in these states 
only apply to withdrawals from a Great Lakes body of water. Illinois is a prime example, as its water loss policy only applies 
to the portion of the state in the Great Lakes Basin. Therefore, Illinois was only given partial credit for this otherwise  
strong water loss requirement. Summary results of the Great Lakes States are included in the following table. The Provinces 
of Ontario and Québec are included as well, but the reader should note that the Canadian Provinces were not scored or 
assigned a grade. Complete Canadian provincial survey responses will be uploaded to the AWE Resource Library.

Table 7 shows a range of grades from “D” to “B-” and a point total range of 3 to 15.5 based on the survey results. All of 
these states have committed to water efficiency and conservation per the Great Lakes-St. Lawrence River Water Resources 
Compact. While the analysis presented in this report assesses state level water efficiency and conservation activity, it does 
not directly measure state compliance within the provisions of the Great Lakes Compact. The Great Lakes-St. Lawrence 
River Basin Water Resources Council (Compact Council) website houses a variety of resources, including program reports 
by state.80 

http://www.glslcompactcouncil.org/Resolutions.aspx#ProgramReports


39The Water Efficiency and Conservation State Scorecard: An Assessment of Laws and Policies

			    Table 7:  Summary of Great Lake States and Provinces Survey Responses

  I L I N M I M N N Y O H PA W I O N Q C

2. 	 Water consumption regulation 
for toilets? No No No No No No No No N/A N/A

3. 	 Water consumption regulation 
for showerheads? No No No No No No No No N/A N/A

4. 	 Water consumption regulation 
for urinals? No No No No No No No No N/A N/A

5. 	 Water consumption regulation 
for clothes washers? No No No No No No No No No No

6. 	 Water consumption regulation 
for pre-rinse spray valves? No No No No No No No No No No

7. 	 Mandatory building or plumbing 
codes? No No No No No No No No No Pending

8. 	 Water loss regulation or policy? Yes Yes No Yes Yes No No Yes No Yes

9. 	 Conservation activities as part of 
water permitting process? Yes Yes Yes Yes Yes Yes No Yes No No

10. 	 Drought emergency plans 
required? No Yes No No No No No No No No

11. 	 Conservation planning required 
separate from drought plans? No Yes No Yes Yes No No Yes Pending Yes

12. 	 Authority to approve or reject 
conservation plans? No Yes No Yes Yes No No Yes Yes Yes

13. 	 How often are plans required? N/A 50 yrs N/A 10 yrs 10 yrs N/A N/A 20 yrs   Undetermined Annually

14. 	 Planning framework or 
methodology? No No No No Yes No No Yes N/A Yes

15. 	 Implementation of conservation 
measures required? No No No Yes Yes No No Yes Pending Yes

16. 	 State funding for urban water 
conservation programs? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

17. 	 Technical assistance for urban 
water conservation programs? No No No Yes Yes Yes Yes Yes Yes Yes

18. 	 Does the state require 
volumetric billing? No No No Yes No No No Yes No No

19. 	 Percent of publicly supplied 
connections that are metered? N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

20. 	 ET microclimate information for 
urban landscapes? No No No No No No No No No No

				    Points Scored 5 6 3 14.5 11 3.5 3 15.5 N/A N/A

				    Grade C- C- D C+ C D D B- N/A N/A

Question #1 was intentionally omitted from this table. Each state earned one point for answering.
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Project Challenges

T
he project team encountered a myriad of 
challenges throughout the course of this 
research. Those challenges were related 
to the survey instrument, data collection, 
survey review, and scoring. The information 
produced from this project will become 
outdated in a short time and regular updates 

will be required. Minnesota’s April 2, 2012 amendment of 
its law that required water conservation rate structures 
is a great example of how quickly things can change.81 
This occurred just before the draft report was released. 
Also, on June 12, 2012, after the draft report was released, 
Tennessee updated its water loss policy. Project challenges 
are discussed so future efforts may be conducted more 
efficiently and effectively. 

Designing the survey instrument itself was a complex 
task requiring stakeholder involvement and approval. It 
is difficult to include all topic areas surrounding water 
efficiency and conservation in a survey that is sized 
appropriately. A small survey will not capture enough data 
and a large survey will likely have a very low response 
rate. Further, some of the questions created complications, 
which was not revealed until several surveys had been 
completed and reviewed. This is detailed below.

Question 7 invites potential overlap for the scoring in 
Questions 2-6. Georgia’s requirement for toilets and urinals 
provides an example. Georgia answered “yes” to Question 
4 and the answer pertained to a requirement for urinals 
that are more efficient than the national standard, but only 
for new construction. Georgia’s “yes” response in Question 
2 includes point-of-sale as well as new construction. In 
Question 7, a very large part of Georgia’s “yes” answer 
includes the requirements for toilets and urinals in new 
construction. There are additional requirements for 
bathroom and kitchen faucets in new construction, and 
an additional code that requires sub-metering in newly 
constructed multifamily housing after July 1, 2012. Because 
of the requirements beyond toilets and urinals, and the 
multi-family submetering code, Georgia was awarded two 
points for Question 7. 

Question 9 asks if any conservation activities are required 
in connection with water rights permitting processes. The 
most commonly reported requirement was a conservation 
plan. Question 11 asks directly about the requirement of 
conservation plans. Because the same plan requirement  

was often reported by states as an answer to both 
Questions 9 and 11, there is potential for confusion 
when reviewing the survey answers and scorecards. 
Further adding to the complexity is the heterogeneity 
of conservation plan requirements among states. Some 
states require conservation plans only in association with 
the permitting process (e.g., Massachusetts), while others 
require conservation plans outside of the permitting 
process (e.g., Colorado), and still other states have require-
ments both within permitting and outside of permitting 
(e.g., California). 

Questions 12-15 relate to conservation plans, but the 
answers to these questions can be based on a “yes” 
answer for Questions 9 or 11. Question 15, in particular, 
can be a source of double-counting if a state was awarded 
multiple points in Question 9. Future project updates 
should include adjustments to the survey instrument 
for these questions and improve overall specificity. The 
current order and wording of the questions can produce 
challenges for the individuals filling out the survey and 
add complexity to interpreting the results. 

A project like this is inherently challenging due to the 
large amount of information that must be gathered from 
50 different states. The 20-question survey applied to 50 
states created 1,000 text-based data points. The project 
relied on assistance from state personnel and connecting 
with the appropriate people was often difficult. Making 
contact with the appropriate people did not guarantee 
they had the time or inclination to provide assistance. 
Moreover, the survey responses had to be thoroughly 
reviewed and typically expanded upon for the purposes 
of this study. The review required the project team to 
retrieve and analyze legal citations, which was a very 
time-consuming process.

As previously mentioned, this project relied on legal 
documentation to determine if a state has water efficiency 
and conservation policies in place. This can be viewed 
as a drawback of the methodology, but it also gives 
strength to the results. It allowed the project team to 
draw a distinct line in terms of what evidence was to be 
considered and credited. It is possible that there are states 
with strong laws that are not being properly implemented. 
It is also possible that there are states successfully carrying 
out water efficiency and conservation policies that are 

81	 Representative O’Driscoll and Senator Pederson Announce Passage of Bill to Modify Mandatory Tiered Water Pricing for Cities  
http://www.senate.mn/members/member_pr_display.php?ls=&id=4420

http://www.senate.mn/members/member_pr_display.php?ls=&id=4420
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not legally binding. But law is the strongest evidence 
of existing policy, and it contains actual authority. 
Policies created by an administrative body with no legal 
basis can be changed much easier than a law, and lack 
enforceability.

Because the project based its analysis on legal language, 
the actual implementation of water efficiency and 
conservation policies and programs was not addressed. 
To do so would require a much larger amount of 
funding, as it would require much more in the way of 
staff resources, and would add a layer of complexity to 
the project. 

Scoring the survey responses was a new concept for the 
2011 project effort. The responses were not numerical 
and thus hard to quantify. At their root, the answers 
were “yes” and “no,” which can be thought of as 1 and 
0 respectively. But complications arose due to immense 
variation in the details of the “yes” answers. Not all “yes” 
answers were simply a “1.” Scoring tiers were employed 
to manage this variability in the scoring process. The 
drawback of scoring tiers based on variability is that 
it may add a large number of points, and thus weight, 
to a policy that may lack importance in terms of water 
savings. However, estimating the savings impact of 
various laws and policies would be a large research 
undertaking in its own right. The project team made 
every effort to create a fair and consistent scoring 
methodology. 

Funding was also a challenge. The Turner Foundation 
provided partial funding for this project, for which AWE 
is grateful. Unfortunately, AWE was unable to secure any 
additional financial support. When finished, the project 
will have required a substantial amount of money 
beyond what was procured.

Recommendations for Future Updates
  	 Involve a project advisory committee comprised of 

state representatives for guidance. They were very 
helpful and provided a tremendously important 
perspective. 

  	 Update the survey instrument to be more specific  
and directive. Address issues mentioned above and 
ask specifically for legal citations (or appropriate 
references when it is not a legal question). 
Respondents were asked to include citations in 
correspondence, but this was sometimes forgotten 
because it was not explicitly stated in the survey. 
The team received multiple surveys with “yes” and 
“no” answers that were not accompanied by any 
explanation or supported by a citation.

  	 Involve a team of legal experts such as the 
Environmental Law Institute, whose large contribu-
tion to this project cannot be overstated. 

  	 Create and follow a systematic scoring methodology 
and improve upon the guidelines presented in 
this report when possible. This project team was 
exploring new territory when it came to scoring the 
questions. While the scoring methodology in this 
report created meaningful results, future updates 
should amend the survey instrument and scoring 
methodology synergistically. Consideration should 
be given to the value of laws and policies in terms 
of the level of effectiveness they have in reducing 
water consumption (if feasible) as well as their legal 
strength.

  	 Properly estimate time and budget. It is easy to 
underestimate the amount of work required to  
collect and review the data for a project of this  
magnitude. Proper estimations will help avoid  
potential compromise.

  	 If financially feasible, include an analysis of water 
efficiency and conservation policy and program 
implementation. 

  	 If financially feasible, future updates could overlay 
the results with other state information such as state 
water consumption values (total and per capita),  
and water supply conditions.

• 

• 

• 

• 

• 

• 

• 
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Conclusion

W
ater efficiency and conservation 
efforts can be initiated by the 
federal government, regional 
entities, state governments, 
water providers, and even by 
customers. Strong initiatives 
taken by individual states are a 

critical component of the sustainable management of 
our nation’s fresh water resources. This research effort 
identified state level water efficiency and conservation 
policies and laws throughout the 50 states via a 20 
question survey. Water efficiency and conservation 
laws and policies encompassed in the survey included 
plumbing fixture standards, water conservation require-
ments related to water rights, water loss control rules, 
conservation planning and program implementation, 
volumetric billing for water, funding sources for water 
efficiency and conservation programs, and technical 
assistance and other informational resources. 

The project began with the creation of the survey with 
the assistance of a project advisory committee, followed 
by the data collection effort. After the data were gathered 
the surveys were thoroughly reviewed and amended 
based on further research findings. Following the review, 
the responses were put through a systematic legal 
analysis. Each question was then scored, and states were 
assigned a report card style grade based on a point total. 

This report evaluates the states individually and presents 
the information collectively. It demonstrates areas of 
deficiency and provides valuable examples that can serve 
as models for future policy. Perhaps of greatest value 
are the highlights of robust laws and policies that can 
be used as examples by others to support new efforts. 

These highlights not only demonstrate that a state has a 
particular robust policy, but also shows how the policy is 
worded, and where it exists in state statute. It is hoped 
that this report will provide great value to planners,  
policy makers, and professionals active in the water 
efficiency movement.

Only two states scored an “A”, 11 states scored a “B” grade, 
18 states scored a “C”, and 19 states were assigned a “D.” 
So what does this say? States with “A” grades are certainly 
leaders, and are employing many laws and policies to 
promote water efficiency and conservation. “B” states are 
also making great effort and likely have valuable examples 
of strong policy. “C” states may also have a small number 
of robust laws and policies, but they may be lacking a 
comprehensive approach. A grade of a “C” certainly does 
not indicate a complete absence of initiative. “D” states 
have a lot of opportunity for growth. All states, regardless 
of grade, can improve their policies, and there are plenty 
of strong examples documented by this research to serve 
as models.  
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State Water Efficiency & Conservation Scorecards
A P P E N D I X

Alabama  Water Efficiency Scorecard                     Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Alabama Office of Water Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L  2

Alaska  Water Efficiency Scorecard                     Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Alaska Department of Environmental Conservation 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T                    	                                             Statute 46.15.035 Water Conservation Fee; Reservation of Water for Fish 1
T O TA L   3
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Arizona  Water Efficiency Scorecard                    Grade:  B+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Arizona Department of Water Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? Yes Every five years 2

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 1

E X T R A  C R E D I T 			   1 point for evaporative cooling systems and decorative fountains being required to have 		
				    water recycling or reuse systems. 

					     1 point for Arizona’s Rinse Smart, pre-rinse spray valve program.
2

T O TA L 23

Arkansas  Water Efficiency Scorecard                    Grade:  C–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Arkansas Natural Resources Commission 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? Only at time of permit application 0

14. Planning framework or methodology? No 0

15. Implementation of conservation measures required? Yes Only in regard to permit applications 1

16. State funding for urban water conservation programs? Yes Has programs beyond DWSRF and CWSRF 2

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T                   		                        0

T O TA L   7
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California  Water Efficiency Scorecard                    Grade:  A–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? There are 5 agencies with water conservation 
responsibilities. 1

2. Water consumption regulation for toilets? Yes 2

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? Yes 1

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 3

10. Drought emergency plans required? Yes Every 5 years 2

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? No 0

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? Yes 1

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 2

E X T R A  C R E D I T 	 Max extra credit for robust answers to Questions 10, 11, 14, & 15.  
			   Also, California MOU and Landscape Ordinance (AB 1881). 3

T O TA L 29

Colorado  Water Efficiency Scorecard                    Grade:  B–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Colorado Water Conservation Board (CWCB) 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 7 Years 1.5

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes CWCB has a Water Efficiency Grant Fund 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 	 Extra credit for extremely transparent water conservation reporting process, Question 11,  
			   and requirement of builders to offer homebuyers efficient fixtures                                          

T O TA L 16.5

3
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Connecticut  Water Efficiency Scorecard                    Grade:  C+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                 P O I N T S

1. State agency in charge of drinking water conservation? Connecticut Department of Energy and Environmental 
Protection 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? Yes Drought is part of the required Water Supply Plans 1

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? Variable 1

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 			   Extra credit for Question 12 and for the requirement of rain sensors on  
				    automatic irrigation systems. 2

T O TA L 14

Delaware  Water Efficiency Scorecard                    Grade:  C–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources and Enviornmental 
Control 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 2

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 	 For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes 0.5

13. How often are plans required? 30 Years	 Only when applying for new allocation permit 0.5

14. Planning framework or methodology? Yes 	 Requirements are listed in the regulations 1

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L 7
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Florida  Water Efficiency Scorecard                     Grade:  C
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Florida Department of Environmental Protection 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? Yes Water Management Districts are required to have a plan  1

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes Water Savings Incentive Program 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 2

E X T R A  C R E D I T                    	 Extra credit for F.S. 373.227 and FLA. ADMIN. CODE ANN. r. 62-40.412, for soil moisture 	
			   sensor requirement for irrigation systems, and for the Florida Water Star program. 3

T O TA L 11

Georgia  Water Efficiency Scorecard                      Grade:  B

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Georgia Department of Natural Resources 1

2. Water consumption regulation for toilets? Yes 2

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? Yes 1

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? Yes 2

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 3

10. Drought emergency plans required? Yes 1

11. Conservation planning required separate from drought plans? Yes 	 For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? 10 Years  	 Permits are 10 years for groundwater,  
	 10-20 years for surface water 1.5

14. Planning framework or methodology? Yes 	 Requirements are listed in the rules 2

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 	 Georgia Environmental Finance Authority 2

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T                  0

T O TA L 18.5
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Hawaii  Water Efficiency Scorecard                     Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? The Commission on Water Resource Management 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes     Water Resource Management Fund 2

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L 4

Idaho  Water Efficiency Scorecard                     Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Water Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L 3
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Illinois  Water Efficiency Scorecard                    Grade:  C–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes    Only for Lake Michigan allocations 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 	 Soil moisture sensors are required for irrigation systems 1

T O TA L 5

Indiana  Water Efficiency Scorecard                    Grade:  C–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources, Division of Water 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes     Only in relation to the Great Lakes Compact 0.5

10. Drought emergency plans required? Yes 0.5

11. Conservation planning required separate from drought plans? Yes 1

12. Authority to approve or reject conservation plans? Yes 0.5

13. How often are plans required? 50 Years       Only when appling for permit 0.5

14. Planning framework or methodology? No 0

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L 6
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Iowa  Water Efficiency Scorecard                     Grade:  C
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Iowa Department of Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 2

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 1

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? 10 Years 1.5

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L 10.5

Kansas  Water Efficiency Scorecard                     Grade:  C
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Kansas Water Office 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No Assistance for systems with over 30% unaccounted 
for water use 0

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 1

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? N/A 0

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 2

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes For utilities developing a conservation plan 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 	 Extra credit given for the water loss assistance mentioned in Question 8 1

T O TA L 10
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Kentucky  Water Efficiency Scorecard                    Grade:  C+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Kentucky Division of Water 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? Yes 	 5 Years 2

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 0

T O TA L 13

Louisiana  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes Water conservation can be used to assign priority 
for state funding 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 2
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Maine  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Health and Human Services 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No Emergency and security plans required but no 
mention of drought 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3

Maryland  Water Efficiency Scorecard                    Grade:  C
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environment 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required?      Only when applying for permit 0

14. Planning framework or methodology? Yes      Guidance but not a required framework 0.5

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 7.5
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Massachusetts  Water Efficiency Scorecard                    Grade:  C+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Water Resources Commission 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 2

9. Conservation activities as part of water permitting process? Yes 3

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 	 For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? 5 Years	 Permits issued every 20 years, conservation 	
	 plans reviewed every 5 years 2

14. Planning framework or methodology? No 0

15. Implementation of conservation measures required? Yes 2

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 13

Michigan  Water Efficiency Scorecard                    Grade:  D

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental Quality 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 	 Emergency plans required but no mention  
of drought 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3
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Minnesota  Water Efficiency Scorecard                    Grade:  C+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 2

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No Emergency plans are required but the word 
“drought” is not used 0

11. Conservation planning required separate from drought plans? Yes As part of Water Supply Plans, already credited in 
Question 9 0

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 10 Years 1.5

14. Planning framework or methodology? No 0

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? Yes 2

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 	                  Minnesota requires landscape irrigation systems to have a rain sensor 1

T O TA L 14.5

Mississippi  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental Quality 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 2
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Missouri  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 2

Montana  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natrual Resources and Conservation 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3
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Nebraska  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Nebraska Department of Natrual Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3

Nevada  Water Efficiency Scorecard                    Grade:  B–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? State of Nevada Division of Water Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? No State Engineer has discretionary authority for 
interbasin transfers 0.5

10. Drought emergency plans required? Yes Every 5 years as part of the Plan for Conservation 1.5

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes Office of Financial Assistance–Water Grants Program 2

17. Technical assistance for urban water conservation programs? No 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 1

E X T R A  C R E D I T 	                                                                   NRS § 116.330 0.5

T O TA L 17.5
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New Hampshire  Water Efficiency Scorecard                    Grade:  B–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental Services 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 3

9. Conservation activities as part of water permitting process? Yes 3

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes Already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes Only applies to permits and applications for  
new water withdrawal 1

13. How often are plans required? N/A 0

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 					     Extra credit awarded for Question 14 1

T O TA L 17

New Jersey  Water Efficiency Scorecard                    Grade:  B–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental Protection 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 3

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? Yes 1

11. Conservation planning required separate from drought plans? Yes For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes Permits shall not exceed 10 years 1

13. How often are plans required? 10 years 1.5

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 2

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? Yes 2

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 		  New Jersey requires landscape irrigation systems to have a rain sensor 1

T O TA L 16.5
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New Mexico  Water Efficiency Scorecard                    Grade:  C+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Office of the State Engineer 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No State Engineer can refuse permit if “contrary to the 
conservation of water” 2

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes For funding application to the NM Finance 
Authority/Water Trust Board 2

12. Authority to approve or reject conservation plans? No 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 2

E X T R A  C R E D I T 	 1 point for the NMOSE gallons per capita per day (GPCD)methodology and calculator.  
			   1 point for § 47 6 9(4) NMSA 1978. 2

T O TA L 14

New York  Water Efficiency Scorecard                     Grade:  C
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Division of Water 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes 0.5

13. How often are plans required? 10 Years    When applying for a permit 1.5

14. Planning framework or methodology? Yes Guidance is provided, but only applies for new 
permit applications 1

15. Implementation of conservation measures required? Yes 2

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 11
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North Carolina  Water Efficiency Scorecard                    Grade:  C
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental and Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? Yes Every 5 years 2

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 2

E X T R A  C R E D I T 	 North Carolina’s conservation requirements for drought planning and the 		
			   conservation requirements to be eligible for state funding earned an extra point.  
			   See answers to Questions 10 and 16.

1

T O TA L 11

North Dakota  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? North Dakota State Water Commission 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 2
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Ohio  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 0.5

10. Drought emergency plans required? No Contigency plans required, but no mention  
of drought 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3.5

Oklahoma  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Oklahoma Water Resources Board 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3
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Oregon   Water Efficiency Scorecard                    Grade:  B–

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Water Resources Department 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 	 Only for suppliers seeking municipal water use 
permit extensions 1

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? Yes 	 Only for suppliers submitting Water Management 
Conservaiton Plan 1

11. Conservation planning required separate from drought plans? Yes 	 Not all suppliers are required to submit plans 1

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 10 years 1.5

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 					     Extra credit awarded for Question 15 1

T O TA L 15.5

Pennsylvania  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Bureau of Watershed Management 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 3
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Rhode Island  Water Efficiency Scorecard                    Grade:  B
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Water Resources Board 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 3

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? Yes 	 Part of Water Supply System Management Plan, 
“reviewed” every 5 years 2

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 1

18. Does the state require volumetric billing? Yes 1

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 					     Extra credit for Question 11 1

T O TA L 20

South Carolina  Water Efficiency Scorecard                    Grade:  C–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Bureau of Water 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 0.5

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 1

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? No 0

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 6.5
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South Dakota  Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environment and Natural Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 4

Tennessee Water Efficiency Scorecard                    Grade:  D
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environment and Conservation 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 2

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 4
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Texas  Water Efficiency Scorecard                    Grade:  A–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Texas Water Development Board 1

2. Water consumption regulation for toilets? Yes 2

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? Yes 1

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? Yes 1

8. Water loss regulation or policy? Yes 2

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? Yes    Reviewed every 5 years 2

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? Yes 1

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 1

E X T R A  C R E D I T 	                                 Maximum extra cerdit awarded for Questions 10, 11, 14 and 15 3

T O TA L 29

Utah  Water Efficiency Scorecard                    Grade:  C+
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Division of Water Resources 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? No 0

13. How often are plans required? 5 Years 2

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? Yes 2

E X T R A  C R E D I T 					     Extra credit for Question 11 1

T O TA L 14
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Vermont Water Efficiency Scorecard                    Grade:  C–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Drinking Water and Ground Water Protection Division 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes   For permitting, already credited in Question 9 0

12. Authority to approve or reject conservation plans? Yes 1

13. How often are plans required? 	 At time of permit application 0

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? No 0

16. State funding for urban water conservation programs? Yes 2

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 6

Virginia Water Efficiency Scorecard                    Grade:  B–

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental Quality 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 1

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? Yes 2

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 5 or 10 Years 1.5

14. Planning framework or methodology? Yes 1

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 					     Extra credit awarded for Question 12 1

T O TA L 16.5
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Washington Water Efficiency Scorecard                    Grade:  B

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Health’s Office of Drinking Water 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 3

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? Yes 1.5

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 6 Years 2

14. Planning framework or methodology? Yes 2

15. Implementation of conservation measures required? Yes 3

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 				              Extra credit awarded for Questions 11 and 14 2

T O TA L 21.5

West Virginia Water Efficiency Scorecard                    Grade:  D

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Environmental Protection 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 2

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 4
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Wisconsin  Water Efficiency Scorecard                    Grade:  B–
Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Department of Natural Resource 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? Yes 2

9. Conservation activities as part of water permitting process? Yes 1

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? Yes 2

12. Authority to approve or reject conservation plans? Yes 2

13. How often are plans required? 20 Years 1

14. Planning framework or methodology? Yes 0.5

15. Implementation of conservation measures required? Yes 1

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? Yes 2

18. Does the state require volumetric billing? Yes 1

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0

E X T R A  C R E D I T 	 1 point for PSC allowing municipally owned utilities to recover the costs of water 		
			   conservation and efficiency efforts through rates 1

T O TA L 15.5

Wyoming  Water Efficiency Scorecard                    Grade:  D

Q U E S T I O N           					                        A N S W E R              N O TA B L E  D E TA I L S                                                P O I N T S

1. State agency in charge of drinking water conservation? Wyoming Water Development Commission 1

2. Water consumption regulation for toilets? No 0

3. Water consumption regulation for showerheads? No 0

4. Water consumption regulation for urinals? No 0

5. Water consumption regulation for clothes washers? No 0

6. Water consumption regulation for pre-rinse spray valves? No 0

7. Mandatory building or plumbing codes? No 0

8. Water loss regulation or policy? No 0

9. Conservation activities as part of water permitting process? No 0

10. Drought emergency plans required? No 0

11. Conservation planning required separate from drought plans? No 0

12. Authority to approve or reject conservation plans? N/A 0

13. How often are plans required? N/A 0

14. Planning framework or methodology? N/A 0

15. Implementation of conservation measures required? N/A 0

16. State funding for urban water conservation programs? Yes 1

17. Technical assistance for urban water conservation programs? No 0

18. Does the state require volumetric billing? No 0

19. Percent of publicly supplied connections that are metered? N/A 0

20. ET microclimate information for urban landscapes? No 0
E X T R A  C R E D I T 	 0

T O TA L 2
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FOREWORD 

The Water Research Foundation (Foundation) is a nonprofit corporation dedicated to the 
development and implementation of scientifically sound research designed to help drinking water 
utilities respond to regulatory requirements and address high-priority concerns. The Foundation' s 
research agenda is developed through a process of consultation with Foundation subscribers and 
other drinking water professionals. The Foundation' s Board of Trustees and other professional 
volunteers help prioritize and select research projects for funding based upon current and future 
industry needs, applicability, and past work. The Foundation sponsors research prnjects through 
the Focus Area, Emerging Opportunities, and Tailored Collaboration programs, as well as various 
joint research efforts with organizations such as the U.S. Environmental Protection Agency and 
the U.S. Bureau of Reclamation. 

This publication is a result of a research project fully funded or funded in part by 
Foundation subscribers. The Foundation' s subscription program provides a cost-effective and 
collaborative method for funding research in the public interest. The research investment that 
underpins this report will intrinsically increase in value as the findings are applied in communities 
throughout the world . Foundation research projects are managed closely from their inception to 
the final report by the staff and a large cadre of volunteers who wil tingly contribute their time and 
expertise. The Foundation provides planning, management, and technical oversight and awards 
contracts to other institutions such as water utilities, universities, and engineering firms to conduct 
the research. 

A broad spectrum of water supply issues is addressed by the Foundation's research agenda, 
including resources, treatment and operations, distribution and storage, water quality and analysis, 
toxicology, economics, and management. The ultimate purpose of the coordinated effort is to assist 
water suppliers to provide a reliable supply of safe and affordable drinking water to consumers. 
The true benefits of the Foundation' s research are realized when the results are implemented at the 
utility level. The Foundation's staff and Board of Trustees are pleased to offer this publication as 
a contribution toward that end. 

Denise Kruger 
Chair, Board of Trustees 
Water Research Foundation 

xi 

Robert C. Renner, P.E. 
Executive Director 
Water Research Foundation 
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EXECUTIVE SUMMARY 

OBJECTIVES 

This Water Research Foundation project aimed to assess the adoption of American Water 
Works Association (A WWA) water audit methodology and evaluate the levels of distribution­
system water loss occurring in five regions. To this end, the research team investigated the 
reporting frameworks of regions that track water loss and collected A WW A-methodology water 
audits from the California Urban Water Conservation Council (CUWCC), the Delaware River 
Basin Commission (DRBC), the Georgia Department of Natural Resources (GA DNR), the 
Tennessee Comptroller of the Treasury (TN COT), and the Texas Water Development Board 
(TWDB) to assemble a composite water audit data set. Audits submitted to these entities were 
completed by water utilities and capture distribution system performance. 

Using both the results of the research into regional water loss reporting requirements and 
the composite data set, this report addresses the following questions: 

• What are the reporting frameworks of states that track water loss? 
• Is the data submitted in water audits reasonable? 
• Has audit data quality changed with repeated auditing? 
• Have reported water loss volumes and relevant metrics changed with repeated auditing? 
• What trends in both water loss and cost figures can be observed in the composite data 

set? 
• How is the quality of audit data affected by reporting requirements and validation? 

The findings of this project are relevant to water utilities, regulatory and reporting entities, 
legislators considering reporting and validation programs, water efficiency and conservation 
groups, and water loss control industry professionals. 

BACKGROUND 

As of the publication of this report, five regional entities in the United States require water 
loss reporting concordant with A WWA methodology. The CUWCC, DRBC, GA DNR, and TN 
COT collect water audits periodically using A WWA Free Water Audit Software. The TWDB also 
collects audits but uses a unique submission form that adheres to A WWA methodology. A WW A 
methodology is employed in order to avoid the term " unaccounted-for" water and instead promote 
the division of water losses into distinct volumes, as prescribed by A WWA manual M36: Water 
Audits and Loss Control Programs. The entities report that they collect water loss data to track 
improvements in efficiency, evaluate utility performance, and promote water loss control. Also, 
all five entities provide water utilities with training in audit methodology, to varying degrees. An 
additional three entities (the New Mexico Office of the State Engineer, the Washington 
Department of Health, and the Wisconsin Public Services Commission) collect some water loss 
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information but do not fully employ A WW A methodology and/or administer comprehensive 
auditing programs. 1 

Most audits collected by the entities studied in this project are self-reported and have not 
been through a formal validation process. However, all Georgia audits were reviewed by a third 
party as part of the state reporting program. In this program, the data sources informing the water 
audit were examined to identify potential sources of inaccuracy and to grade data quality 
accordingly (see Chapter 3 for more information on levels of data validation). More rigorous audit 
validation is occasionally pursued by individual utilities in order to produce accurate audit results, 
but no entity currently has a higher-level validation program in place due to the financial and 
human resources necessary for such an effort. 

Because most of the audits collected for this research have not been validated, the 
calculated regional and composite water loss statistics must necessarily be qualified as indicative 
of potential patterns but not exact values. Additionally, even validated audits have margins of error. 
Nonetheless, the regional and composite data sets still present an opportunity to examine the 
relationships between water auditing requirements, data validity, and water loss performance. 

RESEARCH METHODOLOGY 

To evaluate the validity of water audit data and calculate water loss performance indicators, 
the research team collected a total of 4,575 A WW A-methodology water audits from five reporting 
entities, spanning a five-year period from 20 IO to 2014 (see Table- r.S. I ). 

cuwcc 300 2010-20 12 A WWA Software 

DRBC 517 2012-20 13 A WW A Software 

GADNR 452 20 12-2013 A WWA Software 

TN COT 630 2010-2014 A WWA Software 

TWDB 2,646 201 0,2013 own form (A WWA methodology) 

TOTAL 4,575 A WW A-methodology audits 

Then, to accurately calculate the water loss statistics specific to each region and for the 
composite data set as a whole, the research team identified and removed unrealistic audits using 
the series of filters listed in I able L '-i.2. This "filtering" process reviewed the self-reported audit 
data validity on a high level; the rigor and individualized attention of level I audit validation was 
not applied. Audits pass ing the filtering process contributed to the calculation of median 
performance indicators. 

1 The Colorado Water Conservation Board (CWCB) began collecting water loss date in 20 14 from retail water 
providers who sell 2,000 acre feet or more of water annua lly. as mandated by Colorado Genera l Assembly HB I 0-
1051 (Colorado Water Conservation Board 20 14). Through a unique on line data entry portal, the CWCB collects 
information about distribution system characteristi cs, water demand, conservation efforts, and water losses. However, 
the data are not necessarily pursuant to A WWA methodology. Because the program began in 2014 and is therefore 
outside the scope o f this report. the CWCB reporting program will not be discussed further. 
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-~ Infrastructure Leakage Index 
;:: 
"' § Real Losses 

] cost of Non-Revenue Water 

incomplete audit 

:§ Customer Retail Cost 
~ 

l Variable Production Cost 

< 1.0 

> 20.0 

< 0 (negative) 

> I 00% of system operating costs 

key fields not filled out 

more than 2 orders of magnitude off 

of the data set's median 

more than 2 orders of magnitude off 

of the data set 's median 

Upon calculation, median performance indicators were examined for trends through time 
and between regions. 

RESULTS 

Performance indicators calculated for the composite data set (the most recent audits from 
each of the five regions) are provided below in rabk ES.3. In order to generate the median and 
average performance indicators, the composite data set was filtered for plausibility using the filters 
presented previously in I able l:.S.2. The number of audits passing the various filters and 
contributing to median and average performance indicators is given in Table E\ .3. 

Of note is the median Infrastructure Leakage Index (ILi) of 2.48, indicating that 50% of 
audits report water losses that exceed the technical minimum volume by a factor of at least 2.48. 
Additionally, the filtering process excluded 21.1 % of the audits in the composite data set from the 
calculation of performance indicator statistics, indicating that more than I out of every 5 audits 
presents an implausible water loss scenario. This suggests that the data used to populate the 
excluded water audits may not be accurate. 
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osite water audit data set median performance indicators 
212.ili 

customer retail unit cost I $4.67 I $8.33 I $ / 1,000 gallons I 1,545 I passes customer retail unit cost check 

] 
tJ $950.00 $2,085.28 $ I million gallons 1.489 passes variable production cost check s:: variable production cost <:s s:: 

'.:::, passes both cost checks 

N RW as % of operating cost 7.8% 10.2% % of operating cost 630 passes volumetric validity checks 
does not come from Texas (operating cost not reported) 

Apparent Losses I 5.73 14.88 gallons I serv conn / day 1,290 passes volumetric validity checks 

39.88 5 1.81 gallons / serv conn / day 812 
passes volumetric validity check 

~ Real Losses (serv conn) service connection density > 32 conn / mile of main 
s:: 
Cl passes volumetric validity checks 

"% 785.54 I, 132.42 gallons I mile of main / day 478 
,._ Real Losses (mains) service connection density < 32 conn / mile of main 
"' §- passes volumetric validity checks 

Real Losses (pressure) 
0.59 0.79 gallons / serv conn / day / PSI 812 

service connection density > 32 conn / mile of main 

2.48 3. 12 (dimension/esJ) 644 
passes basic volumetric validity checks 

ILi I UARL calculation applies - (32 x lm) + Ne 2: 3,000 

73.l 71.7 points out of I 00 679 
passes basic volumetric validity checks 

data validity score I does not come from Texas 
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Other notable findings are presented below. 

• In all of the regional data sets reviewed, audits were excluded from further analysis due 
to implausible data. I able ES.• presents the total number and percentage of audits 
excluded from each region' s data set. Georgia and Tennessee - the regions with the 
highest levels of training to support reporting requirements - have the fewest excluded 
audits. 

Total Audits Submitted 300 517 452 629 5,646 
# of Audits Excluded 100 130 74 122 1065 
% Of Excluded Audits 33% 25% 16% 19% 40% 

• Utilities whose audit results were not plausible tended to grade their data validity 
notably higher than utilities that submitted audits with realistic data. Audits excluded 
from the calculation of summary statistics for reporting unreasonable results had a 
median self-reported data validity score of 77.1 , whereas audits included in the 
calculation of summary statistics had a median self-reported data validity score of 73.1 . 
Additionally, the lowest data validity scores are seen in Georgia, where the most 
rigorous data validation is pursued. These findings indicate that utility self-scoring of 
data validity does not actually capture true data validity. As a result, third-party 
validation of audit data tends to produce lower (but more accurate) data validity scores. 

• All regional data sets show an increasing Real Losses per service connection per day 
over time. Given the changing level of accuracy and consistency with which these 
audits are completed, the research team cannot confirm that this trend in the data 
absolutely reflects an increasing volume of Real Losses. It is possible it also reflects 
more accurate reporting over time. 

• Examining correlations in the composite data set revealed a number of valuable 
findings: 

o Systems with the highest variable production cost tend to have the lowest levels 
of normalized Real Losses. 

o Real Losses increase as average operating pressure increases. 
o No significant relationships were found in comparing Real Losses with 

customer retail cost or Real Losses with system size. 

CONCLUSION AND RECOMMENDATIONS 

An impressive number of utilities are assessing and reporting their water losses in 
partnership with regional entities. As the first step in developing a water loss control strategy, the 
growing adoption of the A WWA Free Water Audit Software signals increased attention being paid 
to supply-side efficiency in water management. Additionally, the use of A WWA methodology to 
quantify distinct water loss volumes instead of the obsolete "unaccounted-for" water volume is 
essential for devising targeted and effective water loss reduction programs. However, in order for 
water audits to inform water loss control programs, they must accurately represent the types and 
magnitudes of water loss occurring in a system. This research project suggests that many audits do 
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not reflect the actual water losses of reporting utilities, evidenced by the high number of audits 
(21%) that do not pass basic checks of plausibility. 

In reviewing the largest compilation of A WW A Software and A WW A-methodology audits 
to date, it is clear that more training and education is needed to improve confidence in regional 
water loss reporting. Additionally, more rigorous audit validation will be required to produce 
audits that truly capture reality. Currently, the only region to require audit validation is Georgia, 
where all audits are subject to level I validation (see "Levels of Data Validation" in Chapter 3 for 
definitions of level I, level 2, and level 3 validation efforts). The Georgia data set produced the 
fewest unrealistic audits, thereby providing evidence that third-party audit validation improves 
audit quality. More rigorous validation at levels 2 and 3 could further improve audit quality and 
perhaps even eliminate all unreasonable audits. 

Until the number of implausible audits decreases, it will be difficult to discuss typical levels 
of water loss without qualification of the accuracy of the data set. In the meantime, this study 
highlights general but noteworthy trends, such as the connections between Real Losses and 
pressure and the relationship between Real Losses and production cost. The research team is 
optimistic that as the reliability of regional data sets improves, more insight into appropriate and 
effective water loss control programs will surface. 
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CHAPTER 1: INTRODUCTION 

For Water Research Foundation Project #4372 Part A: Real Loss Component Analysis - A 
Too/for Economic Water Loss Control, the research team developed a software tool ("the Model") 
to advance utilities' understanding of the types of leakage in their systems. To inform the 
development of the Model, the research team studied A WW A Free Water Audit Software 
("A WW A Software"), the most widely-adopted software tool used to assess water losses. This 
report, Water Research Foundation Project #4372 Part B, is an extension of that study. 

Here, the research team examines the adoption of A WWA Software and methodology in 
select regions. Recent water audit data sets were collected from regional entities that track the 
water losses of their member water utilities. Audits submitted to the entities were completed by 
water utilities and capture distribution system performance. The data sets were individually 
considered by regional entity, and a "composite data set" of the most recent water audits was 
compiled. The composite data set is the largest group of A WW A Software and A WW A­
methodology water loss audits reviewed and analyzed to date. 

The entities whose audit data sets are studied in this report employ a range of educational 
and outreach programs and structured validation in supporting their water loss reporting 
requirements. Only the State of Georgia requires comprehensive data validation, considered level 
I validation. The A WWA Water Audit Data Initiative (WADI) validates a small set ofutility audits 
every year but was not included in this study due to the fact that WADI audits are not submitted 
to a state or regional entity. 

The research team tackled two main areas of investigation: the quality of the A WWA­
methodology water audits and the levels of water loss reported. Of course, these two areas of 
interest are linked, as the quality of audit data directly influences the calculation of water losses. 
The A WW A-methodology water audits examined here are largely self-reported and feature some 
level of inaccuracy. Therefore, it is important to stress that all discussion of water loss levels in 
this report must be qualified by uncertainty. 

Acknowledging the imperfect nature of the A WW A-methodology water audits collected, 
the research team posits that the composite data set still presents interesting patterns and findings. 
This report aims to address the following questions: 

• What are the reporting frameworks of states that track water loss? 
• Is the data submitted in water audits reasonable? 
• Has audit data quality changed with repeated auditing? 
• Have reported water loss volumes and relevant metrics changed with repeated auditing? 
• What trends in both water loss and cost figures can be observed in the composite data 

set? 
• How is the quality of audit data affected by reporting requirements and validation? 

In Chapter 2, the A WW A Software is introduced and the regulatory requirements for each 
regional entity are examined. Chapter 3 presents the methodology used to filter and analyze data 
sets. Chapter 4 presents each region' s data set separately, and Chapter 5 presents the composite 
data set. The research team presents the water loss data collected to highlight both the successful 
adoption of the A WWA Software and auditing methodology and the remaining challenges in 
attaining reliable, insightful water loss reporting. 

•?Ill:- \\ th•r l{~ward1 1"0 11111l;1linn. \I .I IHCll 1.._ RI '-,1:ln LI>. 



c 2015 \\ ater Re~e:1rd1 l· oundation. \LI Rl(, 11 I', IU ',f· R\ I D. 



CHAPTER 2: WATER LOSS REPORTING GUIDELINES 

INTRODUCTION 

Throughout the country, some state and regional water utility regulatory bodies require 
water loss reports from member utilities. These reporting programs aim to evaluate regional water 
loss, encourage utilities to proactively pursue water loss control, and defensibly allocate financial 
and educational resources. Water loss reporting requirements vary from stand-alone reported water 
loss totals to annual submission of complete American Water Works Association (A WW A) audits. 
This chapter describes the primary tool available to utilities to comply with reporting requirements 
and the reporting frameworks of eight entities that collect water loss reports. 

WATER LOSS REPORTING TOOL 

Most entities included in this report require audit submissions using the free Water Audit 
Software published by A WW A. As the most prevalent reporting tool , the A WW A Software is 
described in detail below. However, a handful of entities have their own water balance reporting 
forms. Entity-specific forms often use A WWA terminology and definitions in their reporting 
framework, although this is not always the case. 

A WW A Free Water Audit Software 

The A WWA Free Water Audit Software was developed by the A WW A Water Loss 
Control Committee (WLCC) and features ten worksheets in a Microsoft Excel spreadsheet file. 
The most recent iteration of A WWA Software is version 5.0. However, most audits included in 
this data set were submitted using version 4.2, the version that was current at the time that the 
water audits were prepared and submitted to the state entity. 

The A WWA Software prompts the user to enter water balance volumes (e.g. Volume 
Supplied from Own Sources, Billed Metered Authorized Consumption, Customer Metering 
Inaccuracies, etc.) and choose a unit of volume from a short list of options. Recognizing that some 
utilities do not tabulate all of the data necessary to complete a water balance, the software permits 
the user to supply either measured or estimated volumes . For certain volumes (for example, 
Unauthorized Consumption) estimates can be calculated using software-supplied default 
percentages, if desired. Additionally, the quality of each data input must be graded for validity on 
a scale of I to I 0, and guidelines are provided for assigning validity scores. 

Once all data entry fields are populated, the software calculates a series of performance 
indicators, identifies three volumes for priority attention to improve audit accuracy, and produces 
an IWA/A WWA water balance. A WW A's current standard water balance is provided below in 
Figure 2.1 . Please note that while the water balance lists sources of Real Loss - leakage on mains, 
leakage and overflows at storage tanks, and leakage on service connections (italicized in Figure 
2.1) - A WW A Software does not calculate these Real Loss component volumes. 

For Real Losses to be broken down further, a utility must complete a component analysis 
of Real Losses, also known as a "bottom-up" approach to Real Loss quantification. The research 
team developed a tool to pursue a component analysis of Real Losses in WRF #4372 Part A, which 
is fully detailed in the report titled Real Loss Component Analysis: A Tool for Economic Water 
Loss Control. 
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Water 
Exported Billed Water Exported 
(corrected for Revenue 

known 
Volume ___ _errors) ___ Water 

- -- -- - ---------- -- ------- -- - - -- --- --- -- -- -- -- ---- --- -- --- -- --- -------- - -----------------
from Billed Authorized Billed Metered Consumption 
Own Consumption Billed Unmetered Consumption Authorized 

Sources Consumption Unbilled Metered Consumption Unbilled Authorized (corrected for 
Consumption Unbilled Unmetered Consumption kno"11 System errors) 

Input Unauthorized Consumption 
Volume Apparent Losses Customer Metering Inaccuracies 

Water Non-
Supplied Systematic Data Handling Errors Revenue 

Water 
Leakage on Transmission and Water 

Water Losses 
Distribution Mains (N RW) 

Imported Real Losses 
Leakage and Overflows at Utility's 

( corrected for Storage Tanks 
known 
errors) Leakage on Service Connections up to the 

point of Customer Metering 

Source: AWWA 2016. 

Figure 2.1 Standard A WW A water balance 

AWWA Software is available for free online, uses standardized IWA/AWWA 
terminology, can be quickly compiled using Microsoft Excel-based software for the creation of an 
audit database, and comes with many tutorials and online resources to promote accessibility and 

utility. 

REGIONAL WATER LOSS REPORTING REQUIREMENTS 

The research team identified eight entities that require some level of water loss reporting.2 

The California Urban Water Conservation Council, the Delaware River Basin Commission, the 
Georgia Department of Natural Resources, the New Mexico Office of the State Engineer; and the 
Tennessee Comptroller of the Treasury require submission using A WWA Software. The Texas 
Water Development Board uses A WWA terminology and water balance methodology but has its 
own specific form. The Washington State Department of Health and the Wisconsin Public Services 
Commission each have unique reporting forms derived from AWW A methodology but are less 
rigorous in the amount of data they require and the data validity information they collect. The 
entities responsible for collecting audits and basic audit program information are supplied in Table 
~ I. The following sections describe each of the entities' mandates, reporting framework, and 
training programs in more detail. 

2 The Colorado Water Conservation Board (CWCB) began collecting water loss data in 2014 from retail water 
providers who sell 2,000 acre feet or more of water annually, as mandated by Colorado General Assembly HB I 0-
1051 (Colorado Water Conservation Board 2014). Through a unique online data entry portal, CWCB collects 
in formation about distribution system characteristics. water demand. conservation efforts, and water losses. However, 
the data are not necessarily pursuant to A WW A methodology. Because the program began in 2014 and is therefore 
outside the scope of this report, the CWCB reporting program will not be discussed further. 
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I all signatories 
two years of 

California Urban Water Conservation Council I A WW A Software / data submitted I 2010 I self-reported 
every two years 

Delaware River Basin Commission A WWA Software all utilities annual 2012 se I t:-reported 

I A WWA Software 
utilities serving a 

Georgia Department of Natural Resources I population greater I annual 2012 I level I 
than 3,300 

New Mexico Office of the State Engineer A WW A Software permit applicants variable 2005 self-reported 

Tennessee Office of the Comptroller A WWA Software all utilities annual 2013 self-reported 

Texas Water Development Board own form a ll utilities annual to every 
2005 self-reported five years 

Washington State Department of Health own form all utilities annual 2007 self-reported 

Wisconsin Public Services Commission own form all utilities annual 1997 self-reported 
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California Urban Water Conservation Council 

The California Urban Water Conservation Council (CUWCC) is a membership 
organization that brings together urban water utilities, public interest organizations, governmental 
bodies, and private entities to promote urban water efficiency in California. The CUWCC is 
committed to integrating technology, effective public policy, research, and education to improve 
the management of California's water resources. To this end, the CUWCC has outlined water 
efficiency goals in a Memorandum of Understanding (MOU). Currently the CUWCC has more 
than 400 members, of which 250 are utility signatories of the MOU (California Urban Water 
Conservation Counci I 20 I 5). 

The MOU, first adopted in 1991 , contains 14 Best Management Practices (BMPs) 
organized into 5 categories. MOU signatories commit to implementing the BMPs voluntarily. As 
a result, the CUWCC does not penalize noncompliant utilities. BMPs categorized as "Utility 
Operations" or "Education" are considered "foundational" and are therefore expected to be 
implemented on an ongoing basis (California Urban Water Conservation Council 2008). Among 
these foundational BMPs is BMP 1.2: Water Loss Control. BMP 1.2, as revised in September of 
2009, outlines the requirements of a water loss control program and provides a I 0-year 
implementation schedule. The first half of the 10-year program focuses on data validation and 
water loss accounting. The second phase of the program establishes water loss benchmarks and 
assists utilities in achieving water loss reduction goals (California Urban Water Conservation 
Council 2009). 

Annual submission of a water audit using A WW A Software is mandatory under BMP 1.2. 
This requirement and other tenets of BMP J .2 are described in l able 2.2 below. 

T bl 2 2 CUWCC . I t f f k fi BMP 1 2 

PROGRAM DESCRIPTION 
FREQUENCY/ 

COMPONENT TIMING 

standard water audit Complete A WWA Software to quantify the volumes and 
Annually 

& water balance costs of Real and Apparent Losses. 

Follow A WWA methods to improve the validity of the data 4 years allotted for 
used for water balance to achieve an A WWA data validity attainment of a data 

validation score of 66 and later satisfy data val idity Level IV (data validity score of 66; by 
valid ity score of 71 ). By the 2nd year of implementation, test 5'h year, Level IV 
a ll source import and production meters annually. 

economic values 
Deterniine the economic value of Real Loss recovery, using Annually 
the guidelines outlined in the Council's Avoided Cost Model. 

component analysis 
Conduct a component ana lysis to break Real Losses down At least once every 4 
into volumes categorized by cause. years 

Reduce Real Losses to the extent cost-effective, repairing all 

interventions 
reported and unreported leaks as dictated by economic Continuous 
analysis. By the second year of implementation, maintain a 
record-keeping system for repair of reported leaks. 

customer leaks 
Alert and advise customers when leaks appear on customer's Continuous 
side of the meter. 

Source: Adapted from California Urban Water Conservation Council 2008 
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Utilities signing the MOU prior to December 31, 2008 were required to submit their first 
BMP 1.2 report by December I, 20 IO for years 2008-2009 and 2009-2010. Utilities signing the 
MOU after December 31, 2008 are required to implement BMP 1.2 by July 1st of the year following 
signing and report on the first report period after implementation (California Urban Water 
Conservation Council 2008). 

As BMP 1.2 was implemented and new utilities became signatories of the MOU, the 
CUWCC provided eleven two-day workshops for member utilities between July of2009 and April 
of 2011. Additionally, a three-hour webinar workshop was offered in November of 2012. The 
workshops were designed to train signatories on A WW A methodology and Water Audit Software, 
data validation, and CUWCC reporting requirements. Additionally, the CUWCC has a three-hour 
workshop recording available to stream to help utilities meet BMP 1.2 requirements. 

Delaware River Basin Commission 

The Delaware River Basin Commission (DRBC), established in 1961 , manages the 
Delaware River Basin, which covers parts of New York, Pennsylvania, New Jersey, and Delaware. 
The Commission is tasked with equitably allocating water supply, protecting water quality, 
managing droughts and floods, and protecting environmental interests Delaware River Basin 
Commission 2015). 

Prior to 2009, the DRBC required reporting on annual volumes of "unaccounted-for 
water." However, these volumes were not informative or reliable enough to serve as effective 
planning or regulatory tools. To improve the quality of information available to both utilities and 
regulators, the DRBC revised its Comprehensive Plan and Water Code in 2009. The revision 
required the "owners of water supply systems serving the public with sources or service areas 
located in the Delaware River Basin [to] implement an annual calendar year water audit program," 
starting in 2012 (Delaware River Basin Commission 20 I 3). From 2009 to 201 I, submission of 
water audits was voluntary but encouraged. The audit requirement applies to suppliers who have 
been approved to withdraw greater than an average of 100,000 gallons per day of water in any 30-
day period (Alliance for Water Efficiency 2014). All audits are to comply with AWWA Water 
Audit Methodology as a best management practice in water loss control. 

The first round of audits were submitted in March of 2013. In preparation for the first round 
of submissions, the DRBC conducted several outreach efforts. The commission offered a full-day 
training and workshop to prepare utilities for the water auditing process and familiarize users with 
A WWA terminology and methodology (Sayers 2012). Additionally, the DRBC published guides 
to its requirements and A WWA audit procedure on its website, including proceedings of the 
training workshops and a list of frequently-asked questions. 

Georgia Department of Natural Resources 

In 2010, the Georgia Senate enacted the Georgia Water Stewardship Act (GWSA) to 
encourage a culture of water conservation throughout the state (Kiepper and Evans 2011 ) . One key 
component of the GWSA was to require public water providers to complete annual A WWA water 
audits. The state emphasized the need for minimum standards and best practices in monitoring and 
improving the efficiency of public water systems and the effectiveness of water conservation. The 
state highlighted water audits and incremental implementation of water loss abatement programs. 
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The Environmental Protection Division (EPD) of the Department of Natural Resources 
(DNR) was tasked with collecting audits, employing a categorization system for utilities by size 
and service population, and developing a technical assistance program to provide guidance 
(Georgia Senate 2010). In order to stagger initial audit submissions, the GWSA required the first 
round of submissions from systems serving more than 10,000 individuals in March, 2012. In 
March of2013, systems serving between 3,300 and I 0,000 individuals submitted their first audits. 

To aid utilities in fulfilling audit requirements, the EPD partnered with the Georgia 
Environmental Finance Authority (GEF A) and the Georgia Association of Water Professionals 
(GAWP) to develop a technical assistance manual. In addition, the GA WP sponsored five full-day 
training sessions in 201 I for large water systems (before the first round of submissions) to provide 
training in audit methodology and A WWA Software. The following year, the Georgia Rural Water 
Association (GRWA) provided a similar training for smaller water systems prior to their first audit. 
This training was offered six times for a full day each time. 

In order to ensure that audits submitted to the EPD were not only complete but also 
reasonable and insightful, Georgia chose to conduct third-party independent audit validation . 
Consultants versed in A WW A water audit methodology interviewed utility auditors to assess the 
accuracy of data validity grading assignments. Any audits identified as incorrectly-graded were 
returned to their respective utilities for revision and resubmission (Alliance for Water Efficiency 
2014). As a result of this third-party review process, the research team describes Georgia audits as 
level 1 validated, according the definitions of data validity review provided in the section titled 
"Levels of Data Validation" (Chapter 3). 

Survey feedback provided to the EPD suggests that the implementation schedule and 
A WWA Software posed challenges for some Georgia water utilities. To maximize participant 
success, submission deadline extensions and technical support were provided whenever necessary. 
Additionally, training workshops and continued technical assistance were provided in anticipation 
of 20 I 4 submissions (Georgia Association of Water Professionals 2014). 

New Mexico Office of the State Engineer 

The New Mexico Office of the State Engineer (NMOSE) has not established a state-wide 
program for water loss accounting but has implemented A WWA methodology to assess Real 
Losses, revenue losses, and conservation potential. While the NMOSE does not have a legal 
mandate requiring submissions, the NMOSE affirms that water loss accounting is a growing state 
focus. In its water Conservation Planning Guide for Public Water Suppliers - Technical Report 
53 (TR 53), the NMOSE encourages water suppliers to evaluate the efficiency of their systems 
using A WW A Software (Office of the State Engineer 2013). 

Furthermore, the NMOSE considers water loss performance when evaluating a utility ' s 
new water appropriation application, change-of-place application, or purpose-of-use application. 
Application approval is generally conditional on submission of an A WW A audit within one year 
(Voge l 2012). Additionally, in order to qualify for 2015 Water Trust Board (WTB) funding, 
applicants diverting more than 500 AF per year were required to submit a conservation plan 
prepared in accordance with TR 53 and therefore complete an A WW A audit. 

As a result of these application procedures and WTB requirements the NMOSE has 
received twenty-one A WW A audits and is currently working with other utilities on water 
conservation and A WWA Software use. However, the NMOSE has not yet provided training 
services on A WW A methodology to utilities. 
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Tennessee Comptroller of the Treasury 

In 2007, the General Assembly of the State of Tennessee passed House Bill No. 743 
containing Public Chapter No. 243 to assure "the provision and preservation of adequate water" 
(General Assembly of the State of Tennessee 2007). The legislation required that public water 
systems submit an annual unaccounted-for water loss percentage and the calculation steps leading 
to the volume. Unaccounted-for water percentages were then subject to review by the Comptroller 
of the Treasury (COT), and any utilities exceeding a threshold deemed "excessive" were referred 
to the Utility Management Review Board (UMRB) or the Water and Wastewater Financing Board 
(WWFB). The initial threshold for excessive water loss was 35%, calculated according to the 
manner prescribed by the COT. Utilities with excessive unaccounted-for water percentages could 
be subject to legal action requiring water loss reduction or the removal of commissioners from 
office. 

That same year, the Tennessee Association of Utility Districts (TAUD) recommended the 
standardized use of A WWA water audit methodology. Shortly thereafter, the UMRB and the 
WWFB chose to adopt the A WW A audit method for financial reports. The UMRB and the WWFB 
also assumed responsibility for defining the threshold for "excessive" water loss and the 
appropriate methodology for quantifying water loss (Leauber 2011 ). When A WW A methodology 
requirements went into effect in 2013, the evaluated performance indicator became Non-Revenue 
Water (NRW) as a percent of operating cost (Alliance for Water Efficiency 2014). 

In 2012, the WWFB and the UMRB approved an order requiring utilities to achieve both 
a certain minimum data validity score and NRW as a percent of operating cost below an identified 
threshold. The specific scores and thresholds become more stringent as utilities learn audit 
procedure, as outlined in I ahk ::u below. Any utility that does not meet the standards is required 
to submit a plan for improvement, while utilities who do not comply with submission requirements 
will be referred to the appropriate board (Comptroller of the Treasury 2015). Additionally, the 
term " unaccounted-for" water was removed from relevant legislation and replaced instead with 
more precise definitions of water loss. 

1/ 1/201 3 65 or lower 30% or greater 

1/ 1/2015 70 or lower 25% or greater 

1/ 1/2017 75 or lower 20% or greater 

1/ 1/2019 80 or lower 20% or greater 

TAUD has provided a series of trainings on how to perform an A WWA audit and comply 
with COT requirements (Alliance for Water Efficiency 2014). Additional trainings are planned 
during 2015. 

Texas Water Development Board 

In 2003, the Texas Legislature enacted House Bill 3338 in order to conserve the state' s 
water resources by quantifying and reducing utility water losses. Bill 3338 requires that retail 
public utilities file standardized water audits with the Texas Water Development Board (TWDB). 
Although the TWDB is not a regulatory agency, failure to comply with submission requirements 
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results in barred access to TWDB funding. Initial submissions were scheduled to occur once every 
five years. In 2011, House Bill 3090 was passed to require utilities with an outstanding loan from 
the TWDB to submit audits annually. In 2013, House Bill 857 was passed to require utilities with 
more than 3,300 connections to submit audits annually. 

In response to audit requirements, the TWDB developed an audit form soliciting data 
typically required for an internal, top-down water audit. Most of the data can be compiled from 
water consumption and water loss reports commonly completed by water utilities (Mathis et al. 
2008). The first round of audits were collected in 2005 and found to contain suspect data. To 
improve the utility of the audits and acknowledge the possible range of data quality, the second 
iteration of the audit form required users to grade the validity of data inputs. The updated Water 
Loss Audit Manual for Texas Utilities (2008) provides guidance for assigning data validity scores 
ranging from I (low) to 5 (high). This rating scheme is similar to but not directly comparable to 
the data validity assignments in A WWA Software. The Water Loss Audit Manual also encourages 
all utilities to submit audits annually. 

In addition to the Water Loss Audit Manual, the TWDB has developed online resources to 
instruct utilities on best management practices and A WWA methodology. The TWDB also offers 
staff consultation and an outreach program for water utilities. 

Washington State Department of Health 

The Washington Administrative Code (WAC) 246-290-820 requires that all state water 
municipalities determine their distribution system leakage volume annually by submitting a 
System Input Volume and an Authorized Consumption Volume and then calculating the 
difference. In agreement with A WWA definitions, System Input Volume is defined as the sum of 
all metered water from both utility-owned sources and purchased water. Authorized Consumption 
is considered all metered customer use plus authorized unmetered uses. Additionally, the WAC 
requires that utilities achieve a distribution leakage percentage of less than I 0%, calculated as a 
three-year running average (Washington State Legislature 2008). 

The Department of Health (DOH) sponsors water loss reporting through an online 
submission form. Once every six years, water loss figures are calculated as part of comprehensive 
water system plans. If a utility fails to meet the I 0% water loss standard, they must create and 
implement a water loss control strategy and reporting annual progress (Dexel 2012). While this 
reporting process and focus on utility accountability encourage water loss control, DOH 
methodology does not meet best practices as established by the I WA and A WW A, especially in 
the evaluation of data validity. However, the DOH permits the use of A WWA tools and procedures 
in complying with state requirements, as long as the distribution system leakage volume can be 
calculated in line with WAC instructions (Washington State Department of Health 2011 ). 

To assist utilities in fulfilling reporting requirements, the DOH has conducted or contracted 
out training since 2007. Over 50 training events have been held, focusing on clear explanation of 
legal requirements and the importance of water loss accounting in utility operations. The DOH has 
also published a manual to its Water Use Efficiency regulations and uploaded supplemental 
literature to its website. 
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Wisconsin Public Services Commission 

The Wisconsin Public Service Commission (PSC) regulates 582 water utilities, including 
both municipal and investor-owned systems (Public Services Commission 2013). In 1997, the 
PSC updated its operating requirements to establish water loss standards and incorporated them 
into annual financial reporting requirements that every utility must meet. Systems losses, 
calculated as the difference between metered system input and metered authorized consumption, 
must be less than 25% of system losses for small systems (fewer than 14,000 customers) and less 
than 15% for mid-size and large systems (more than 14,000 customers). Additionally, all utilities 
are required to submit an annual water audit listing the following volumes (Public Services 
Commission 1997). 

• Water purchased or pumped from all sources 
• Water used in treatment or production processes 
• Water entering the distribution system 
• Water sold, including both metered and unmetered sales 
• Water not sold but used for utility-authorized purposes, including flush ing mains, fire 

protection, freeze prevention, and other authorized system uses 
• Water loss 
• Unknown or unaccounted-for water 

While the PSC still tabulates "unaccounted-for" water volumes and therefore does not 
comply with A WWA best practices, much of the language in the Wisconsin State Administrative 
Code was updated in 2012 to reflect AWWA terminology. Utilities are now expected to calculate 
their percentages of NRW and water losses and implement a water loss control plan ifNRW is 
greater than 30% of system input or if water losses exceed the aforementioned thresholds (Public 
Services Commission 1997). Nonetheless, utilities are not currently required to reflect on the 
validity of the data contributing to their reports and water loss figures. However, proposed 
Administrative Code changes, in the comment and review phase at the time of publication of this 
report, include a requirement that utilities submit a water audit using A WWA Software. For the 
2015 reporting year, audit data submission through A WWA Software is optional. 

The PSC has published a guide to water loss terminology and control on its website in 
addition to guidance filling out the state reporting form. Furthermore, PSC employees are available 
to answer any questions that may arise during the auditing and reporting process. While formal 
training sessions are not frequently offered, a pilot training program is scheduled for fall of 2015, 
with plans to expand the training in 2016 and subsequent years (Schmidt 2015). 

SUMMARY AND SYNTHESIS 

The research team examined the auditing requirements of eight proactive entities that 
mandate some level of utility water loss reporting. Five of the eight entities employ A WWA 
Software; the other three entities have their own forms based to varying degrees on A WW A 
methodology. Six of the eight entities require annual audit submissions. The New Mexico Office 
of the State Engineer requires audit submissions as part of new project applications. The Texas 
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Water Development Board mandates submissions every five years. However, Texas systems with 
more than 3,300 service connections and systems with active financial engagements with the 
Board must submit audits every year. The entities studied herein report that they collect water loss 
data to track improvements in efficiency, evaluate utility performance, and promote water loss 
control. 

For water audits to be useful in devising water loss control strategies, they must accurately 
represent the types and magnitudes of water loss occurring in a system. Because audits involve a 
process of repeated subtraction to reach final water loss volumes, the accuracy of each data input 
affects the ultimate calculation of water losses. As a result, the best practices promoted by the 
A WWA include a standardized data validity grading system to acknowledge sources of potential 
inaccuracy. Therefore, entities employing A WW A Software automatically collect data validity 
grades. However, the degree to which data validity is emphasized varies among the entities studied 
in this report. The Washington State Department of Health and the Wisconsin Public Services 
Commission do not allow for the quality of data inputs to be graded. In contrast, the Georgia 
Department of Natural Resources contracts with third-party consultants to externally verify the 
validity scores of audits through a phone-call interview process. Most entities discussed in this 
report provide some level of audit training to regulated utilities. 

As they focused on water auditing requirements, most entities transitioned from collecting 
data about "unaccounted-for" water to a more precise approach that quantifies distinct water loss 
volumes. The five entities that employ A WWA Software collect Apparent Loss and Real Loss 
volumes. The Texas Water Development Board also requires the calculation of both Real Losses 
and Apparent Losses in its unique reporting form. The Washington State Department of Health, 
on the other hand, calculates a "distribution system leakage" volume that is composed of both 
Apparent Losses and Real Losses, and the Wisconsin Public Services Commission collects 
unaccounted-for water figures. While requiring utilities to track their water loss volumes annually 
can reveal general trends in water loss and prompt intervention, a detailed breakdown of Water 
Losses into component volumes is necessary for targeted and effective water loss reduction. 

In evaluating utility performance with collected audit data, most entities use a version of 
water losses as a percent of input volume. This usually takes the form of Non-Revenue Water as a 
percent of System Input Volume or Non-Revenue Water as a percent of Operating Costs. Percent 
of Water that is " Unaccounted-for" is no longer considered a valid performance indicator by 
A WWA. While Non-Revenue Water as a Percent of System Input Volume is a standard 
performance indicator calculated by A WWA Software, there are other performance indicators that 
may serve as more reliable metrics of efficiency. Non-Revenue Water as a Percent of System Input 
Volume is unduly influenced by System Input Volume; if water losses are consistent year-to-year 
but System Input Volume changes, this performance indicator will also change. Therefore, the 
research team recommends that regional entities consider more resilient metrics like the 
Infrastructure Leakage Index and Real Losses per Service Connection per Day as better measures 
of system performance, particularly when designing strategies for leakage loss reduction and 
financing efficiency improvements. 

A water audit describes the unique water loss profile of a utility. As a result, water audits 
can serve utilities and regulators alike by equipping each with the data necessary to inform water 
loss control efforts at the utility and state levels. Only by appreciating the types and magnitudes of 
water losses can utilities and their regulatory partners cost-effectively target the distinct forms of 
water loss. Each of the eight entities described above has recognized the value of water loss 
assessment by requiring audit completion and submission on a regular basis. Auditing programs 
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can be improved by following A WW A standardized methodology, focusing on data validation as 
an essential audit component, increasing outreach and education efforts to improve the quality of 
water audits, and tracking data from year-to-year to identify trends and prioritize intervention. 
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CHAPTER 3: RESEARCH METHODOLOGY 

INTRODUCTION 

In order to discuss the accuracy of audit data sets and determine typical water loss 
performance, the research team defined levels of data validity, filtered data sets for implausible 
audits, and chose to describe the center of data sets with median values rather than averages. Each 
of these data handling considerations is described in detail below. 

LEVELS OF DATA VALIDATION 

Audits are most useful when the water loss volumes they report capture reality. To this 
end, audit data is graded for validity. Each validity grading describes the accuracy of the estimation 
or data source. Beyond the basic data scoring required by A WW A Software, a more in-depth 
review of data validity is possible, ranging from a brief assessment of the technical plausibility of 
audit volumes to a thorough third-party review and testing of all contributing data sources. This 
report will employ the terms " self-reported," " filtered," " level I validated," " level 2 validated," 
and " level 3 validated" according to the definitions below. 

• Self-reported audits have not been subject to in-depth review. The utility auditor has 
assigned a data validity grade to each data input based on his or her understanding of the 
reliability of the contributing data sources and the data validity assignment guidelines 
presented in A WW A Software. 

• Filtered audits have been checked for technical plausibility by the research team based on 
simple, broad criteria below in the section titled "Data Filtering Steps." Beyond a check on 
whether or not the audit presents a realistic scenario, the accuracy of contributing data 
sources has not been investigated. Filtered audits will be either included in or excluded 
from calculations based on their technical plausibility. 

Third-party data validation improves data validity beyond self-reporting and simple 
filtering. Third-party validation can be performed at one of three levels depending on available 
time and resources, as described below. Definitions have been adapted from a working document 
prepared by the A WWA Water Loss Control Committee - Software Subcommittee (Water Loss 
Control Committee - Software Subcommittee 2015). 

• Level I validated audits have been subject to third-party "desktop review" of data that is 
immediately available, like supply reports, consumption reports, and testing reports. Third­
party validators have interviewed utility staff, usually in an hour-long phone call, in 
addition to spending time preparing for the interview and documenting results. Interview 
questions were focused on outlining organizational practices to make sure that data validity 
scores have been assigned correctly and consistently. Anomalies were discussed and either 
confirmed, corrected, or noted as needing further investigation. 

• Level 2 validated audits have been third-party reviewed with a deeper "desktop" analysis. 
To inform the validation, utility data sources have been thoroughly recruited for analysis 
of non-revenue water components, and available data (including the production database 
and reports from the SCADA system) have been dissected to identify gaps or overlaps in 
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the data chain. The billing system has been investigated to confirm and clean consumption 
data, thereby removing redundancies, duplicates, and lag-time effects. In addition, third­
party reviewers have verified the exclusion of non-potable volumes from the audit, and any 
available meter test results have been applied to volume calculations. Finally, 95% 
confidence limits have been calculated for all water balance volumes. However, no field 
testing has been performed to confirm instrument accuracy, and no new data has been 
gathered to inform analysis. 

• Level 3 validated audits have been third-party reviewed using both "desktop analysis" (as 
described in level 2 validation) and field investigations. Supply meters have been tested for 
accuracy, and in-field verification of SCADA data chain transfer from instrument to 
transmitter to database system has been performed. Customer meters have been tested 
through representative and random sampling, pressure data has been collected and studied, 
and night-time flows have been recorded and analyzed for leakage. 

DATA FILTERING STEPS 

In order to accurately calculate the water loss statistics specific to each region and for the 
composite data set as a whole, the research team identified and removed unrealistic audits using 
the series of filters listed in I able 3. 1 and detailed below. This "filtering" process reviewed audit 
data validity beyond self-reporting but without the rigor of true audit validation. For definitions of 
the levels of audit data validation, pl~ase refer to the section titled "Levels of Data Validation" 
(Chapter 3). 

-~ Infrastructure Leakage Index 
,._ 
~ 
!:': Real Losses 
::, 

] cost of Non-Revenue Water 

incomplete audit 

~ Customer Retail Cost 
~ 
<:s 

c§., Variable Production Cost 

Infrastructure Leakage Index (ILi) 

> 20.0 

< 0 (negative) 

> I 00% of system operating costs 

key fields not filled out 

more than 2 orders of magnitude off 

of the data set's median 

more than 2 orders of magnitude off 

of the data set' s median 

The Infrastructure Leakage Index (ILi) is a dimensionless number used to compare leakage 
occurring in systems regardless of differences in size, infrastructure, or input volume. The ILi is 
calculated by dividing the Current Annual Real Loss (CARL) volume by the Unavoidable Annual 
Real Loss (UARL) volume to get a ratio. The UARL is the technical minimum level of leakage 
losses achievable for a system using all applicable water loss control best practices. The UARL is 
determined using an internationally-standardized formula that incorporates a variety of system­
specific characteristics affecting Real Losses, including operating pressure, length of mains, and 
number of service connections. It is important to note that the UARL is only calculated when the 
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number of service connections plus 32 times the length of main in the system is equal to or greater 
than 3,000 (A WW A 2009). Written mathematically, this requirement is: 

( 32 x Lm ) + Ne :::: 3,000 

where 

Lm is the length of mains in miles 
Ne is the count of service connections 

If a utility does not meet this threshold, the UARL and fLl are not calculated. If this is the 
case, these fields are completed with "N/A" in audit forms. Audits with incalculable ILis are not 
automatically excluded from the composite data set. 

An ILi of 1.0 indicates that the current losses are equal to the technical minimum. As such, 
an ILi less than 1.0 indicates that losses are below the technical minimum, which is implausible. 
Audits with an ILi of less than 1.0 most likely contain suspicious data inputs and as a result were 
not incorporated in data set summary statistics. However, some water utilities with excellent 
leakage management practices have questioned the derivation of the UARL formula and believe 
that with the UARL formulated as it currently is, an ILi value below 1.0 is achievable. 
Nonetheless, water utilities in North America with such highly sophisticated leakage management 
in place are extremely rare, and it has been found that the vast majority of water utilities reporting 
an ILi below 1.0 are found to have questionable data. 

Additionally, audits with an ILi greater than 20.0 were eliminated because few, if any, 
systems in the United States lose more than 20 times their technical minimum. 

Negative Real Losses 

It is possible that the ILJ is not calculated for a utility (given the limitations of the ILi 
formula discussed above) but that utility' s audit still reports negative Real Losses. Negative Real 
Losses are technically impossible.3 Therefore, the research team excluded audits reporting 
negative Real Losses in the absence of ILi values. 

Non-Revenue Water 

In AWWA water balance methodology, Non-Revenue Water (NRW) is the sum of 
Unbilled Authorized Consumption, Apparent Losses, and Real Losses (see 1-igure 3. 1 ). NRW is 
all water supplied to a system that does not generate revenue. To calculate the volume of NRW, 
Billed Authorized Consumption is subtracted from Water Supplied. 

3 
The A WWA Software includes a number of built-in checks, and one of these checks flags neg ative Real Losses 

and alerts the auditor by displaying a message asking the auditor to reassess their input data. It is curious that some 
auditors nonetheless submit an A WWA Software water audits with a negative Real Loss value, despite being alerted 
lo this implausibility by the software. 

17 
1 201" \\ ,tlfr Rl.'H0 11rd1 h111 ntl,llion. \I .I ltl<,11 IS RD,l'IH' I ll 



Water 
Exported 

Billed Water Exported 
(corrected for Revenue 

known 
Volume __ __ errors) ___ Water -- --- - . -- ---- -- ----- ---- . --------- --- - - . - --------- ----- --- -- - . --- -- -- - - --------- ----- ---

from Billed Authorized Billed Metered Consumption 
Own Consumption Billed Unmetered Consumption Authorized 

Sources Consumption Unbilled Metered Consumption Unbilled Authorized (corrected for 
Consumption Unbilled Unmetered Consumption known System 

errors) 
Input Unauthorized Consumption 

Volume Apparent Losses Customer Metering Inaccuracies 
Water Non-

Supplied Systematic Data Handling Errors Revenue 

Water 
Leakage on Transmission and Water 

Water Losses 
Distribution Mains (NRW) 

Imported Real Losses 
Leakage and Overflows at Utility 's 

( corrected for Storage Tanks 
known 
errors) Leakage on Service Connections up to the 

point of Customer Metering 

Source: A WW A 2016. 

Figure 3.1 Standard A WW A water balance, non-revenue water highlighted 

To determine the monetary value of NRW, component volumes are valued at either 
customer retail cost (in the case of Apparent Losses and Unbilled Authorized Consumption) or 
variable production cost (in the case of Real Losses). The values of these component volumes are 
then summed to calculate the value ofNRW. Therefore, the accuracy ofNRW valuation depends 
on reliable volume calculations in tandem with accurate entry of variable production cost and 
customer retai l cost. 

Comparing the value of NRW to system operating costs can serve as a measure of system 
efficiency. NRW Water as a Percent of System Operating Costs is a standard performance 
indicator calculated by A WWA Software. NRW as a Percent of System Operating Costs can vary 
from only a couple of percentage points to more than half of a system' s operating costs. However, 
NRW valued in excess of total operating costs (i.e. greater than 100%) indicates an invalid audit. 
Such a utility could not maintain financial solvency. As a result, audits reporting NRW as a Percent 
of System Operating Costs greater than I 00% are excluded from the calculation of data set 
statistics. 

Incomplete Audits 

Audits missing key fields - those fields used to calculate performance indicators - were 
excluded from data set summary statistics and the composite data set as a whole.

4 

4 As is the case for negative Real Losses, A WWA Software includes a built-in check alerting the auditor when 
certain key data is not complete. The submittal of an incomplete water audit from an auditor using A WWA Software 
is therefore unusual. 
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Cost Figures 

In order to calculate financial perfonnance indicators like NRW as a Percent of System 
Operating Costs, a utility must report a variable production cost and a customer retail unit cost. 
Incorrect calculation of either cost can skew financial performance indicators but will not affect 
volumetric performance indicators. Therefore, the audits of utilities reporting suspicious cost 
figures were excluded from calculation of average financial performance indicators but included 
in calculating average volumetric performance indicators. To identify errant cost figures, the 
research team first calculated the median variable production cost and median customer retail cost 
for each regional data set. The research team then identified audits whose reported cost figures 
were two orders of magnitude (i.e. I 00 times) greater than or less than the median. 

Errors in reported costs are often attributable to auditors incorrectly converting units. Most 
data in A WWA Software is inputted in units of million gallons (MG) or acre-feet (AF). However, 
customer retail cost must be reported either in units of dollars per thousand gallons ($/ I 000 gal) 
or dollars per one hundred cubic feet ($/CCF). Jn contrast, variable production cost is inputted in 
units of MG or AF. This change in units often prompts order-of-magnitude and conversion errors 
in cost reporting. The Texas Water Development Board has avoided this potential source of 
inaccuracy by requiring that all volumes and costs are reported only in units of gallons. 

PERFORMANCE IND I CA TORS 

The International Water Association (IWA) and A WWA have developed a series of 
standardized performance indicators to evaluate utility water loss performance and identify areas 
for improvement. Performance indicators can be categorized as either financial or operational. 
Performance indicators can also be sorted by the amount of data required to calculate the indicator 
(the " level" of the indicator in l able 3.2). Key performance indicators and descriptions are 
presented in I able 3.2 on the following page. Data set medians of each of the performance 
indicators listed in Table 3.2 will be calculated for each region, where possible. 

The research team has chosen to exclude Fi36 (N R Was a percent of Water Supplied), even 
though it is calculated by the current version of A WW A Software, because the A WW A WLCC 
has decided that this performance indicator is obsolete. Because NRW as a percent of Water 
Supplied is primarily influenced by the volume of Water Supplied, rather than the volume ofNRW, 
comparisons between utilities and years using this performance indicator are not informative. The 
WLCC reports that in future versions of A WWA Software, this performance indicator will not be 
calculated. 
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Operational 

Apparent Losses 
(nomrnlized) 

Real Losses 

(normalized) 

Real Losses 
(normalized, including pressure) 

Unavoidable Annual Real 
Losses 

Infrastructure Leakage Index 

(ILi) 

Financial5 

Non-Revenue Water 

(cost) 

Other 

Data validity 

Op23 I - basic 

Op24 I - basic 

Op24 2 - intermediate 

UARL 3 - detailed 

Op25 3 - detailed 

Fi37 3 - detailed 

Source: adapted from AWWA 2015. 

gallons / service connection / day 

gallons / service connection / day 
(serv ice connection density ?: 32/mile of main) 

01' 

gallons / mile of main / day 

(service connection density < 32/mile of main) 

gallons/ service connection / day / pressure unit 
or 
gallons / mile of main / day I pressure unit 

UARL (gallons) = (5.4 I Lm + 0 .15 Ne+ 7.SLc) x P 

where 

Lm = length o f mains (miles) 

Ne = number of service connections 
Le = total length of customer service connection 
piping (miles) 
P = average operating pressure (PSI) 

dimensionless 

value ofNRW as percent of system operating cost 

sum of all data val idity scores, normalized to I 00 
ranges from I to I 00 

Basic but meaningful performance indicator for Apparent 
Losses. Easy 10 calculate once Apparent Losses are 
quantified. 

Useful for target setting. Limited use for comparisons 
between systems. 

Useful for comparisons between systems operating at 
different average pressures. 

A theoretical reference value representing the technical 
low limit of leakage that could be achieved if all of 
today 's best technology were 10 be successfully applied. 
UARL is a key variable in calculating the ILi. The 
calculation for UARL is not valid for systems whose 
service connection count added to 32 times the length of 
main is less than 3000. 

Ratio of Real Losses volume to UARL. Best indicator for 
comparisons between systems. 

Incorporates different unit costs for non-revenue 
components. Good financial indicator. In calculating the 
cost of NRW, Apparent Losses and Billed Unmetered 
volumes are usually valued at customer retail cost. while 
Real Losses are valued at variable production cost. 

Individual data entries are graded on a scale from I to I 0 
for validity, based on a scoring guide. Broadly indicates 
the reliability of the data entries. 

5 The research team has chosen to exclude performance indicator Fi36 (N R W as a percent of Water Supplied) from this study because the AW WA WLCC has 
deemed this performance indicator uninformative and therefore obsolete. 
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STATISTICAL INTERPRETATION 

The majority of audits collected by the research team are self-reported. A WWA Software 
requires that data inputs are graded for validity using a standardized scale, but the data validity 
scores are also self-reported and subject to error. Additionally, scoring data validity does not 
actually correct errors. Instead, the process only acknowledges the potential for inaccuracy. 

Since the accuracy of audits assessed in this study is unverifiable, the research team cannot 
comment on the performance of any single utility. However, compiled data sets can be analyzed 
for relative patterns, as the error from a single audit is diluted by the size of the data set. Of course, 
it must still be acknowledged that the data set is imperfect, and summary statistics are not 
conclusive or absolute. Instead, the values presented in this report, particularly those describing 
the center of each data set, are intended to demonstrate relationships between water loss metrics 
and the potential magnitude of water loss. 

The research team employed a filtering process in order to eliminate clearly erroneous 
audits. The filtering process excludes audits based on implausible or technically impossible 
reported results. While this step improves the reliability of summary statistics, it also makes the 
comparison of multiple years in each state data set an imperfect process. Filtering can eliminate a 
specific water audit, but not necessarily all audits from that utility. Therefore, the utilities 
contributing to annual state data sets are different from year to year. However, the number of audits 
included year to year is approximately constant. Therefore, this report discusses the center of each 
data set (using statistics like medians and averages), rather than individual utilities, under the 
assumption that excluded audits fall equally above and below the center of the data set and so do 
not affect center values. While this assumption is not ideal, it permits the research team to qualify 
the results presented in this report and navigate the uncertainty of self-reported audits . 

In order the measure the center of each data set, the research team used median values 
rather than averages. The median is defined as the midpoint of a frequency distribution where 50% 
of values fall below and 50% fall above. A median value therefore minimizes the skew that 
outlying data points might introduce to the average. 

NOTE ON COST FIGURES 

In order to value Water Losses, A WW A Software requires submission of two unit cost 
figures : 

• customer retail unit cost ($/1 ,000 gal or $/CCF): the charge that customers pay for water 
service, often calculated by dividing total potable water revenue by the number of units 
sold or by determining a weighted average cost using the customer rate structure. Customer 
retail unit cost should include additional charges for sewer, stormwater, and biosolids 
processing, but only if these charges are linked to the volume of potable water consumed. 

• variable production cost ($/MG or $/ AF): the cost to produce and distribute the next unit 
of water. This is usually composed of bulk water purchasing rates and the cost of water 
treatment and pumping. Variable production cost can also include other appropriate 
miscellaneous costs included in providing the next unit of water. 

The calculation of cost figures is specific to each utility, as the customer rates and water 
production costs of each utility are unique. Currently, A WW A Software does not collect 
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information on the expenses included in determining customer retail unit cost and variable 
production cost. Therefore, the research team cannot confirm that customer retail unit costs and 
variable production costs are directly comparable between utilities. However, the state of Georgia 
encourages utilities to exclude sewer, stormwater, and biosolids charges when calculating 
customer retail unit cost so that this cost can be compared from utility to utility and represents only 
the rates applied to potable water consumption. 

While side-by-side consideration of cost figures may not be an "apples-to-apples" 
comparison, when cost figures are viewed as a valuation of Water Losses, comparison becomes 
more practical. Viewed this way, cost figures represent the financial boundaries and economic 
potential of water loss recovery, making comparison between audits and data sets a fruitful 
practice. 
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CHAPTER 4: REGIONAL WATER AUDIT DAT A SETS 

INTRODUCTION 

To assemble regional water audit data sets and create a larger composite data set, the 
research team collected audits submitted over the past five years to the state entities that use the 
A WWA methodology. Audits from the California Urban Water Conservation Council, the 
Delaware River Basin Commission, the Georgia Department of Natural Resources, the Tennessee 
Comptroller of the Treasury, and the Texas Water Development Board were examined. 

Counts of audits collected and years represented are presented below in I able 4. 1. This 
data set will inform an assessment of water loss performance in each of these states or regions, 
with an understanding that the data set is primarily composed of self-reported and unscrutinized 
audits. Audits adhering to A WW A methodology will contribute to a calculation of national water 
loss statistics. 

cuwcc 300 2010-2012 A WWA Software 

DRBC 517 2012-2013 A WW A Software 

GADNR 452 2012-2013 A WW A Software 

TN COT 630 2010-2014 A WW A Software 

TWDB 2,646 2010,2013 own form (A WW A methodology) 

TOTAL 4,575 A WW A-methodology audits 

WATER LOSS STATISTICS BY REGION 

The following sections present the water loss statistics for each region by summarizing the 
count of audits submitted, the count of audits that passed the aforementioned data filtering tests, 
and the average water loss statistics of the filtered data set. 

California Urban Water Conservation Council 

The research team received 300 audits from the CUWCC. The audits covered reporting 
periods from 2009 to 2013, with the majority of the audits reflecting 20 I 0, 2011 , and 2012 data. 
Counts of audits collected and filtered are presented below in r ablt: 4.2. 

Table 4.2 Number of California CUWCC 
YEAR 2009 2010 2011 2012 

.INCLUDED AUDJTS 4 59 67 68 2 200 

EXCLUDED AUDITS 2 21 36 41 0 100 

% EXCLUDED 33% 26% 35% 38% 0% 33% 

TOTAL AUDITS 6 80 103 109 2 300 
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Due to the low number of audits from 2009 and 2013, the research team focused 
exclusively on 20 I 0, 2011, and 2012 in presenting water loss statistics for California. A summary 
of performance indicators for these years is provided in I able 4 .3. 

Table 4.3 California cuwcc water loss statistics 
20IO 20ll 2012 

(n = 59) (n = 67) (n = 68) 

median median median 

~ customer retail unit cost $3.38 $3.52 $3.70 $ I 1,000 gallons 
" variable production cost $1,562.52 $1 ,313.48 $1 ,448.40 $ I million gallons " " " <::, NRW as% ofoperating cost 3.4% 3.6% 4.1% % of operating cost 

Apparent Losses 5.24 6.09 6.95 gallons / serv conn / day 

§ Real Losses (service connections) 35.40 35.68 36.57 gallons / serv conn / day 

i Real Losses (mains) 11 ,532.72 4,538.43 3,979.32 gallons I mile of main / day 
§, Real Losses (pressure) 0.49 0.52 0.51 gallons I serv conn I day I PSI 

ILi 2.08 2.10 2.12 (dimensionless) 

data validity score 73.5 73.8 74.3 points out of 100 

Observations 

• The number of audits excluded from the data set by the filtering process increases from 20 I 0 
to 2012. In 20 I 0, only 26% of audits were excluded, whereas in 2012, 38% of audits were 
excluded. 

• Data validity score increases from 2010 to 2012. Utilities reported higher confidence in their 
data, as demonstrated by the increase in the data validity score. 

• Water loss increases from 20 IO to 20 I 2. Normalized Apparent Losses increase from 5.24 
gallons per service connection per day in 20 IO to 6.95 gallons per service connection per day 
in 2012. The Real Loss metrics - ILi, normalized Real Losses, and NRW as percent of input 
and operating cost - all increase as well. 

• Customer retail cost increases from 20 IO to 2012. Median customer retail unit cost grows by 
nearly 10% from 2010 to 2012, though variable production cost does not display the same 
trend. 

Delaware River Basin Commission 

The research team received 517 audits from the DRBC. The audits capture data from 2012 
and 20 I 3. Counts of audits collected and filtered are presented below in Tabk -+.-4 . 

YEAR 2012 2013 

INCLUDED AUDITS 194 193 387 

EXCLUDED AUDITS 64 66 130 

% EXCLUDED 25% 25% 25% 

TOTAL AUDITS 258 259 517 

A summary of performance indicators for the DRBC is provided in f abk -L5. 
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Table 4.5 DRBC water loss statistics 
2012 2013 

(n = 194) (n = 193) 

median median 

customer retai l unit cost $5.33 $5.69 $ I 1,000 gallons 

variable production cost $532.16 $520.00 $ I million gallons 

NRW as% of operating cost 6.7% 7.2% % of operating cost 

Apparent Losses 3.54 3.40 gallons / serv conn / day 

Real Losses (service connections) 31.41 35.71 gallons / serv conn / day 

Real Losses (mains) 503.23 746.74 gallons / mile of main / day 

f----- ---'-'-----'----------1--------1------+-=---------"------I 
Real Losses (pressure) 0.48 0.55 gallons / serv conn I day I PSI 

ILi 2.39 2.52 (dimensionless) 

data validity score 75.1 75.4 points out of I 00 

Observations 

• The percentage of audits excluded by the filtering process is 25% in both 20 12 and 2013. The 
count of excluded audits increases from 64 to 66, but because the total number of audits also 
increases, the rounded percentage of excluded audits does not change. 

• Water Losses increase from 2012 to 2013. Apparent Losses decrease nominally, while all Real 
Losses and Non-Revenue Water performance indicators increase. 

• The median data validity score increases marginally from 2012 to 2013, from 75.1 to 75.4. 
• Customer retail unit cost increases from 2012 to 2013, but variable production cost decreases. 

Georgia Department of Natural Resources 

The research team received 452 audits from the GA DNR. The audits capture 2012 and 
20 13 data. Counts of audits collected and filtered are presented below in Tab le 4.6. 

Table 4.6 Number ofGeor ia - ~--"-~ 
VEAR 2012 
INCLUDED AUDITS 190 188 378 

EXCLUDED AUDITS 36 38 74 

% EXCLUDED 16% 17% /6% 

TOTAL AUDITS 226 226 452 

A summary of performance indicators for Georgia is provided in rablc 4 7. 
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Table 4.7 Geor ia DNR water loss statistics 
2012 2013 

(n = 190) (n = 188) 

median median 

] customer retail unit cost $4.13 $4.27 $ I I ,000 gallons 

l l------=---- --------1----+------l- - -----"'---- --------I variable production cost $415.47 $426.65 $ I million gallons 

NR W as% of operating cost 6.7% 6.6% % of operating cost 

Apparent Losses 6.56 5.96 gallons / serv conn / day 

Real Losses (service connections) 42.98 51.57 gal lons / serv conn / day 

Real Losses (mains) 1,678.00 1,729.82 gallons / mile of main / day 

Real Losses (pressure) 0.66 0.75 gallons / serv conn / day I PSI 

ILi 2.34 2.50 (dimensionless) 

data validity score 57.3 59.4 points out of I 00 

Observatio11s 

• The percentage of audits excluded increases from 16% in 2012 to 17% in 2013. All Georgia 
audits were reviewed by a third party for data validity grading accuracy and are therefore level 
I validated. This validation process and the rigorous training provided prior to audit submittal 
may have caused fewer Georgia audits being excluded than in other regions. However, it is 
important to note that level 1 validation does not correct inaccurate inputs; instead, level I 
validation acknowledges and qualifies the inaccuracy. 

• Customer retail unit cost and variable production cost increase in tandem from 2012 to 2013. 
• The median data validity score increases from 2012 to 2013. All Georgia audits were subject 

to third party review of data validity scores and appropriate use of the audit software, so the 
increase in self-reported data validity may indeed reflect more valid data. Notably, this review 
cannot correct for the poor meter performance, lack of data resolution, and insufficient 
tracking. These factors may sti ll result in the submission of an audit that would be excluded 
from the research team's analysis. See fabk 4.6 for a count of excluded audits. 

• All metrics of Real Losses increase from 2012 to 2013, while normalized Apparent Losses 
decrease. 

Tennessee Comptroller of the Treasury 

The research team received 629 audits from the TN COT. The audits capture data from 
2011 through 2014. Counts of audits collected and filtered are presented below in I able -l .8. Audits 
representing financial years instead of calendar years were assigned to whichever year the majority 
of the financial year covered. In cases where the financial year ran from July to June (therefore 
covering six months of each year), the second year was designated the primary year for 
categorization. As a result, the 2014 audit data set is incomplete; audits covering FY 13-14 were 
received and filed as 2014 audits, but calendar-year 2014 audits had not been filed at the time of 
this report ' s writing. 

26 
• 2Cll!-\\ :1kr R,•,l.';trrh l c,11111lation. \I I l{l(,l[ I ', Ill '\ l In I. I>. 



Table 4.8 Count of Tennessee 
YEAR 

,-----,---,'----
20 ll 2012 

INCLUDED AUDITS 7 126 

EXCLUDED AUDITS 2 37 

% EXCLUDED 22% 23% 

TOTAL AUDITS 9 163 

A summary of performance indicators for Tennessee is provided in Tab le --L9. 

Table 4.9 Tennessee COT water loss statistics 
2012 2013 2014 

(n = 126) (n =226) (n = 148) 
median median median 

1 customer retail unit cost $7.52 $7.25 $6.97 $ I 1,000 gallons 
<.; 

variable production cost $1,081.41 $1 ,163.57 $966.92 $ I million gallons " 
~ NR W as % of operating cost 11.2% 11.7% 12.0% % of operating cost 

Apparent Losses 7.27 6.22 5.57 gallons / serv conn / day 
si Real Losses (service connections) 58.49 61.25 65.76 gallons / serv conn / day " .!? 

Real Losses (mains) 1,062.04 1,091.84 1, 162.88 gallons / mile of main / day ~ 
"' Real Losses (pressure) ~ 0.84 0.81 0.78 gallons / serv conn / day / PSI 

ILi 1.93 2.19 2.17 (dimensionless) 
data validity score 76.6 79.7 80.7 points out of I 00 

Observatio11s 

• The percentage of audits excluded through filtering decreases from 2012 to 20 I 4. It is 
possible that the combination of auditor training and practice with reporting enhanced audit 
quality. 

• Median customer retail unit cost decreases with time, whi le variable production cost does 
not display a trend. 

• Real Losses normalized to service connections increase from 2012 to 2014, but Real Losses 
normalized to service connections and pressure decreases during the same time period. 
This indicates that the increase in reported system pressure perhaps contributes to the 
increase in Real Losses, but the increase in pressure is proportionally greater than the 
increase in Real Losses. 

• Apparent Losses decrease from 2012 to 2014, a trend observed in most of the regional data 
sets. 

• The quality of data submitted in audits improves from 2012 to 2014. Data validity scores 
consistently improve, and the percentage of audits excluded via the research team 's 
filtering decreases. 

Texas Water Development Board 

The research team received 2,646 audits from the TWDB. The water audits were submitted 
using a unique form which adheres to A WW A methodology. The audits capture data from 20 I 0 
and 20 I 3. Counts of audits collected and filtered are presented below in rable 4. I 0. 20 IO was a 
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standard reporting year, so all Texas utilities were required to submit an audit. 2013 was an off 
year, so only larger systems and systems with an active financial engagement with the TWDB 
were required to submit an audit. As a result, less than one-third the number of audits submitted in 
20 IO were submitted in 2013. 

Table 4.10 Number of Texas __ _,_,_ TWDB 
YEAR 2010 2013 

INCLUDED AUDITS 966 615 1, 581 

EXCLUDED AUDITS 930 135 1,065 

%EXCLUDED 49% 18% 40% 

TOTAL AUDITS 1,896 750 2,646 

A summary of performance indicators for Texas is provided in Table -l. 11 . Texas does not 
require that utilities report an annual operating cost, so NR W as a percent of operating cost does 
not apply as a performance indicator. Additionally, the Texas reporting form utilizes a different 
data validity scoring scale than the A WW A Software, so data validity score is also not considered 
an applicable performance indicator in comparing Texas performance to the composite data set. 

water loss statistics 
2010 2013 

(n = 966) (n =615) 

median median 

~ customer retail unit cost $3.10 $3.83 $ I 1,000 gallons 
~ variable production cost $1,750.00 $1,400.00 $ I million gallons <i 
" '-':, NRW as% of operating cost NIA NIA % of operat ing cost 

apparent losses 6.86 5.78 gallons I serv conn I day 

l real losses (service connections) 38.10 32.80 gallons I serv conn I day 
,S? 

real losses (mains) 943.93 484.68 gallons I mile of main I day E 
" real losses (pressure) 0.64 0.54 gallons I serv conn I day I PSI ~ 

ILi 2.5 1 2.83 (dimensionless) 

data validity score NIA NIA points out of I 00 

Observations 

The Texas data set must be interpreted with caution because the 20 IO and 2013 data sets 
are comprised of different samples pools and sample sizes. 

• The percentage of audits excluded by the filtration process decreases from 49% in 20 IO to 
18% in 2013. The 2013 audits primarily represent large utilities, while the 2010 audits 
represent a range of system sizes. The TWDB requires annual audit submission from large 
utilities, which suggests that frequent audit submission improves data validity and/or that 
larger utilities submit audits of higher validity. 

• Median customer retail unit cost increases from 20 IO to 2013, but variable production cost 
decreases. 

• Normalized Real Losses decrease from 20 IO to 2013. 
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• Median JU increases. This must be interpreted with caution, as utilities reporting in 2013 
are on average larger. Therefore, the JU applies as a performance indicator to 
proportionally more utilities in the 2013 data set than the 2010 data set. 

COMPARISON BETWEEN REGIONS 

Regional data sets must be compared to each other with caution. Performance indicators 
are useful for benchmarking the water loss levels of systems and regions but do not acknowledge 
the regulatory, historic, meteorological, and financial contexts in which utilities operate. With this 
caveat in mind, the following sections juxtapose and discuss state and regional median 
performance indicators. The most recent audit year's filtered data serves as the snapshot of each 
state or region's performance, as highlighted below in I able -1. 12. Additionally, only those states 
or regions employing A WW A methodology and requiring a significant number of utilities to 
submit audits are included in these comparisons. 

STATE or REGION 

most recent year 

count of audits 

California 
(CUWCC) 

I -
Georgia 
(DNR) 

Tennessee 
(COT) 

Customer Retail Unit Cost and Variable Production Cost 

Texas 
(TWDB) 

TOTAL 

Figure -l. I below displays the customer retail unit costs ($/MG) and variable production 
costs ($/MG) for each region. Cost figures for each region are also tabulated in rablc 4. 1 .1 . Regions 
with higher variable production costs tend to report lower customer retail unit costs. Conversely, 
regions with lower variable production costs tend to report higher customer retail unit costs. For 
example, California has both the highest median variable production cost and the lowest customer 
retail unit cost. In contrast, the Delaware River Basin has the second lowest variable production 
cost and the second highest customer retail unit cost. However, please note that the exact expenses 
contributing to utilities' calculations of the cost figures are not known. Additionally, Georgia' s 
customer retail unit costs likely do not contain sewer, stormwater, and biosolids charges. For more 
information on the calculation and comparison of cost figures, please refer back to the "Note on 
Cost Figures" in Chapter 3. 
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Customer Cost comrared to Production Cost 
$8.000.00 

S7.00U.OO 

\ 6 ,000.00 

·-
~ S~,UUU.00 

?; 
.,. 

S~.000.00 
:j 

$,,000 00 

S2,000.00 

'il.000.00 

\0.00 I 
C'ALIFOR.\ll.\ DRBC GEORGL.\ TEN1'1'SSEE TEXAS 

customer retail utllt cost • variabk production C05-t 

Figure 4.1 Customer retail unit cost compared to variable production cost 

T bl 4 13 C t t ·1 't t I d t . bl I d f t 

STATE or REGION 
California 

DRBC 
Georgia Tennessee Texas 

(CUWCC) (DNR) (COT) . (TWDB) 

median customer retail unit cost 
$3.70 $5.69 $4.27 $7.25 $3.83 

($ I 1,000 gal) 

median variable production cost 
$ 1,448.40 $520.00 $426.65 $1,163.57 $1 ,400.00 

($ I MG) 

median customer retail unit cost 
$3,696.27 $5,685.00 $4,270.00 $7,250.00 $3,830.00 

($ I MG) 

customer retail unit cost as a 
2.6 10.9 10.0 6.2 2.7 

multiple of variable production cost 

Customer Retail Unit Cost and Normalized Real Losses 

Figure 4.2 below displays the customer retail unit costs ($/ 1,000 gallons) and normalized 
Real Losses (gallons/service connection/day) for each region. Please note that two distinct vertical 
axes provide different scales, one for cost and the other for Real Losses volume. Table 4 . 14 
displays this information in tabular form. Higher customer costs tend to correlate with greater Real 
Losses. The inverse is also true - lower customer costs tend to correlate with lower level s of Real 
Losses. Tennessee has both the highest customer cost and the highest level of normalized Real 
Losses. Conversely, Texas and California have the lowest customer retail unit costs and two of the 
lowest levels of Real Losses. Further research into the revenue generation tools and justification 
of rate structures could investigate the relationship between inefficiency and customer rates. 
Additionally, clarification of the costs included in customer retail cost (e.g. sewer costs) would 
need to be clarified. For more information on the calculation and comparison of cost figures, please 
refer back to the "Note on Cost Figures" in Chapter 3. 
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Customer Cost compared to Normalized Real Losses 

CALIFORNIA DRBC 

customer retail unit cost 

GEORGIA TENNESSEE TEXAS 

real losses / service connection / day 

Figure 4.2 Customer retail unit cost compared to normalized real losses 

Tabl 414 C t t ·1 ·t t I dt mar ed al I 

STATE or REGION 
California 

DRBC 
Georgia Tennessee 

(CUWCC) (DNR) (COT) 

median customer retail unit cost 
$3.70 $5.69 $4.27 $7.25 

($ / 1,000 gal) 

median normalized Real Losses 
36.57 35.71 51 .57 61.25 

(gallons/ service conn / day) 

Variable Production Cost and Normalized Real Losses 

·11 011 / 

(,U IHI f-
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,. 
"O. I IO ;_ ., 

cO On 

10110 ri 
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Texas 
(TWDB) 

$3.83 

32.80 

Figure -U below displays the variable production costs ($/MG) and normalized Real 
Losses (gallons/service connection/day) for each region. Please note that two distinct vertical axes 
provide different scales, one for cost and the other for Real Losses volume. These values for each 
region are also tabulated in Table 4.15 . Variable production cost does not display a clear 
relationship with normalized Real Losses. California and Texas have the highest variable 
production costs and two of the lowest Real Losses levels. Similarly, Georgia has the lowest 
variable production cost but the second-highest Real Losses value. However, the DRBC has the 
lowest variable production cost and one of the lowest levels of Real Losses. Additionally, 
Tennessee has the highest normalized volume of Real Losses and a relatively high variable 
production cost. In comparing median regional variable production costs and normalized real 
losses, it appears that higher costs of production do not correspond with lower levels of Real 
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Losses, as would be expected were higher production costs to effectively incentivize Real Losses 
recovery. 

Variable Production Cost compared to Normalized Real Losses 
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Figure 4.3 Variable production cost compared to normalized real losses 

T bl 4 15 V . bl I d f t I d t o r d II 

STATE or REGION 
California 

DRBC 
Georgia Tennessee Texas 

(CUWCC) (DNR) (COT) (TWDB) 

median variable production cost 
$1 ,448.40 $520.00 $426.65 $1 ,163.57 $1 ,400.00 

($ / MG) 

median normalized Real Losses 
36.57 35.71 

(gallons/ service conn / day) 
51.57 61.25 32.80 
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CHAPTER 5: COMPOSITE WATER AUDIT DATA SET 

INTRODUCTION 

State and regional water audit data sets capture valuable snapshots of water loss and 
regulatory practices in parts of the United States. When combined to form a single composite data 
set, the audits can provide an insight into the relationships between infrastructure, pressure, and 
water losses. To create a composite water audit data set, the research team selected the most recent 
audit period with complete data from each state or region. All audits - regardless of the filters for 
reasonable results as discussed earlier - were included in the data set to allow for discussion of 
data validity. However, only the audits that passed the filtering tests described in the previous 
section titled "Data Filtering Steps" contributed to the calculation of median performance 
indicators. Counts of audits in the composite data set and the year they describe are given by region 
in Tabk 5.1 . The full data set consisted of 1,636 audits, capturing 2012 for California and 2013 
for all other regions. 

STATE or REGION 

most recent year 

count of audits 

California 
(CUWCC) 

Georgia 
(DNR) 

Tennessee 
(COT) 

Texas 
(TWDB) 

TOTAL 

lt is important to again note that the data set is composed primarily of self-reported audits. 
Only audits from Georgia have been subjected to level I validation. Therefore, interpretations of 
data and trends should be viewed with caution, as descriptive of potential patterns but not absolute 
values. 

DATA FILTERING 

The research team examined the basic plausibility of the composite audit data set by 
filtering audits through the same data filtering checks used to examine the regional data sets. Please 
reference the previous section titled "Data Filtering Steps" for details on this process. The basic 
data filtering checks are reproduced below in I able 5.2. It is important to note that data failing the 
cost checks (Customer Retail Unit Cost and Variable Production Costs) were excluded from the 
calculation of median financial performance indicators but not median volumetric performance 
indicators. Audits failing a volumetric check or composed of incomplete data were excluded from 
the calculation of all median volumetric performance indicators. 
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Table 5.2 Criteria used to exclude audits 

Infrastructure Leakage Index 

Real Losses 

cost of Non-Revenue Water 

incomplete audit 

Customer Retail Unit Cost 

Variable Production Cost 

< 1.0 

> 20.0 

< 0 (negative) - if Ill does not apply 

> I 00% of system operating costs 

key fields not filled out 

more than 2 orders of magnitude off 
of the regional median 

more than 2 orders of magnitude off 
of the regional median 

Excluded Audits and Self-Reported Data Validity Scores 

The median self-reported data validity score of all included audits (those passing the 
aforementioned volumetric filtering checks) is 73.1 out of I 00. In contrast, the median self­
reported data validity score of a ll excluded audits (those failing the aforementioned volumetric 
filtering checks) is 77 . 1. Audits excluded for reporting technically-impossible situations tended to 
have higher self-reported validity scores than audits reporting plausible water balances. A 
breakdown of the number of excluded audits by reason for exclusion and the median self-reported 
data validity score of each group is given in f'nb le 5.3. Texas audits are included in the counts 
presented in 1 ubk 5.3. However, the TWDB submission form uses a unique data validity grading 
scheme that makes comparison with A WW A Software data grading impractical. Therefore, Texas 
data does not contribute to the validity scores listed in the right-most column of I uble 5.3 . 

Table 5 3 Co t f excluded audits b reason for exclusion 

REASON FOR EXCLUSION COUNT 
% OF COMPOSITE MEDIAN 

DATA SET VALIDITY SCORE 

ILi < I 284 17.4% 77.0 

ILi > 20 10 0.6% 81.7 

Negative Real Losses 35 2.1% 84.0 

NRW > 100% operating cost 8 0.5% 62. 1 

Incomplete 9 0.6% 84.5 

TOTAL 346 21.1% 77.1 

r igure 5. 1 below displays box plots that describe the range and density of self-reported 
audit validity scores. The plots display the minimum and maximum scores reported (shown as the 
end points of the lines to the left and right of the boxes). The middle 50% of the data set is contained 
within the boxes (the bounds of the boxes show the first and third quarti les). The medians are 
marked by the lines in the center of the boxes. Again, please note that this figure excludes audits 
from Texas, as Texas uses a unique data validity grading system. 
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Figure 5.1 Comparison of self-reported validity scores of included and excluded audits 

Presentation of data in this format shows that the validity scores reported in included audits 
(those kept in the composite data set) are lower in all five descriptive statistics - minimum, 
maximum, and the three quartiles - than the scores reported in excluded audits. Utilities whose 
audit results were not plausible tended to grade their data validity notably higher that utilities that 
submitted audits with realistic data. This indicates any of the following possible conclusions. 

A significant portion of auditors: 

• require further training and assistance with the water balance methodology 
• require further training and assistance on how to accurately use the Water Audit 

Software 
• require further training and assistance on how to accurately assign data validity scores 
• did not verify the feasibility of their results upon completing a water balance 
• require further training and assistance in how to interpret performance indicators 

The gap between self-assessment of validity and the research team 's filtering for 
reasonable water balances suggests that merely collecting audits is insufficient in promoting utility 
accountability and proactive water loss control. Fortunately, utility reporting of data accuracy can 
be improved to better reflect operational reality, promote transparent evaluation, and anchor 
effective water loss intervention strategies. Audit workshops, educational outreach, and provision 
of guides and auditing materials can aid auditors in becoming familiar with A WWA methodology 
and accurately completing water audits and data validity assessment. This is evidenced by the high 
percentage of reasonable audits from Georgia and Tennessee, where the most training is offered. 
Additionally, third-party review of audits and technical assistance programs, as has been 
performed in Georgia, can improve the quality of audits. The percentage of audits excluded by the 
filtering process is lowest in Georgia, likely due to third-party validation, trainings, and technical 
assistance. 
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PERFORMANCE INDICATOR STATISTICS 

Table 5A on the following page lists the composite data set performance indicators, the 
count of data points contributing to each indicator, and the filters applied to the calculation of each 
indicator. A total of 1,636 audits compose the data set. Of those audits, 

• 1,290 audits (78.9%) pass all volumetric validity checks 
• 1,463 audits (89.4%) pass all financial validity checks 

Both median performance indicator values and average performance indicator values are 
provided. The median is considered a more robust measure of central tendency when a data set is 
skewed or populated by asymmetric extreme values. Therefore, the research team will present 
composite water loss performance in terms of median values. Average values are provided to give 
a sense of the direction and magnitude of skew. 

Observations 

• The median [LI is 2.48. Therefore, half of systems report losing between the technical 
minimum volume of Real Losses (UARL) and 2.48 times the UARL. The other half of 
systems report losing more than 2.48 times the UARL. 

• Average indicators of Water Loss are higher than median values. This indicates that Water 
Losses are positively skewed (skewed toward higher values). A minority of unusually­
high reported Water Loss volumes pull the average above the median. 
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,osite water audit data set median performance indicators 

customer retail unit cost $4.67 $8.33 $ I 1,000 gallons I 1.545 I passes customer retail unit cost check 

~ 

-~ I variable production cost I $950.00 I $2,085.28 I $ / million gallons I 1,489 I passes variable production cost check 
s::: 

<;::, 
passes both cost checks 

NRW as % of operating cost I 7.8% I 10.2% I % of operating cost I 63() I passes volumetric validity checks 
does not come from Texas (operating cost not reported) 

Apparent Losses 5.73 14.88 gallons / serv conn / day 1,290 passes volumetric validity checks 

Real Losses (serv conn) 39.88 51.81 gallons / serv conn / day 812 
passes volumetric validity check 
service connection density 2'. 32 conn I mile of main 

] 

I I I gallons / mi le of main / day ·i I Real Losses (mains) 785.54 1,132.42 I 478 
I passes volumetric val idity checks 

service connection density < 32 conn / mile of main 
"' §-

I 

I I I gallons / serv conn / day / PSI I I passes volumetric validity checks 
Real Losses (pressure) 0.59 0.79 812 

service connection density 2'. 32 conn / mile of main 

ILi I 2.48 I 3.12 I (dimensionless) I 644 
passes basic volumetric validity checks 

I UARL calculation applies - (32 x Lm) + Ne 2'. 3,000 

data validity score I 73.1 I 71.7 I points out of I 00 I 679 
I passes basic volumetric validity checks 

does not come from Texas 
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COMPOSITE DAT A SET CORRELATIONS 

To discuss correlations between Real Losses and other performance indicators and 
operational variables, the research team isolated the 812 audits in the composite data set for which 
Real Losses normalized to service connections were calculated (see I ab le 5 .4 ). The count of audits 
contributed by each region is provided in Table 5 .5. Please note that values presented in these 
correlations are medians. 

STATE or REGION 

' most recent year 
count of audits 

California 
(CUWCC) 

System Size and Real Losses 

Georgia 
(DNR) 

11 ' I, , 

Tennessee 
(COT) 

Texas 
(TWDB) 

TOTAL 

The research team sorted systems into size categories based on the number of service 
connections. Small systems have between 0 and 3,000 service connections; medium-sized systems 
have between 3,001 and 30,000 service connections; and large systems have more than 30,000 
service connections. The number of utilities captured by each size range is provided in Figure :'i.2 . 

Audits Sorted by System Size 

390 
48% 

• small !I medium D large 

Figure 5.2 Audits included in the composite data set by system size 

The median Real Losses volume per service connection per day was then calculated for 
each size range. The results are displayed below in h gure 5.3 . 
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Figure 5.3 Correlation between system size and normalized real losses 

In this analysis, Real Losses do not correlate with system size as measured by the number 
of service connections. Of course, the boundaries selected to define size ranges are arbitrary. As a 
result, choosing alternate boundaries might reveal a different pattern. Previous studies have 
determined that larger systems tend to lose more water (Chastain-Howley et al. 2013), but this 
analysis shows that for the composite audit data set, large systems have higher Real Losses than 
small systems but lower Real Losses than mid-sized systems. 

Operating Pressure and Real Losses 

To consider the relationship between average operating pressure and Real Losses, the 
research team divided audits into categories of low, medium and high pressure. Low-pressure 
systems operate at an average pressure of 50 PSI or less, medium-pressure systems between 50 
PSI and 80 PSI, and high-pressure systems greater than 80 PSI. A correlation between pressure 
and Real Losses is presented below in rigure 5A. 
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Figure 5.4 Correlation between average operating pressure and normalized real losses 

As expected, Real Losses increase as average operating pressure increases. Previous 
studies have demonstrated that higher pressures result in greater leakage. This pressure-leakage 
relationship is incorporated in the UARL formula to acknowledge that systems operating at higher 
pressures have higher thresholds for the technical minimum level of Real Losses (see the 
discussion of UARL and ILi in Chapter 3 for the specific calculation). 

Also of note is the fact that the majority of systems (64%) in the composite audit data set 
operate at mid-range pressures between 50 PSI and 80 PSI. 

Import Volume and Real Losses 

The research team next examined the composite data set by looking at the relationships 
between percent of water imported, normalized Real Losses, and variable production cost. To this 
end, audits were divided into categories of " little" water imported (0% to 25% of System Input 
Volume), "some" water imported (25% to 75% of System Input Volume), and "most" water 
imported (75% to 100% of System Input Volume). System Input Volume is the volume of potable 
water inputted into the distribution system and is composed of imported water and water produced 
from utility-owned sources. The specific language of the A WWA definition for System Input 
Volume can be found in the A WW A Software. The results of these comparisons are presented 
below in Figure 5.5. 

40 
• .:!111:-\\ ;tll'r R,·,1,';lldl l·o1111clal10t1 \( I Rl<,111, l{L I ,n I[), 



Water Imported, Production Cost, and Real Losses 
i,IJ 

Sl.18~.00 _,, 
~ 

:J, ',~./Jl ll l 7 

.:: 

J , 
r 
'.) -~ 
!.-

111 

,, 

41 .81 

s~s~.14 

I I = 624 

linlc 
O~o .. 25°<1 

36.19 
Sl.5~.!i.91 

n = 65 

some 
25~,.- 75°0 

Water Imported 
r% of System Inpu t Volumei 

31.94 

II= / 23 

most 
75% - IOO~o 

real losses I service com1ection / day variable production cost 

, 1.0 11:, 

'.,ii 

Figure 5.5 Correlations among water imported, normalized real losses, and variable 
production cost 

;;-

As the percent of SIV composed of imported water increases, variable production cost 
increases and Real Losses decrease. It appears that greater percentages of imported water lead to 
higher variable production costs, thereby incentivizing efficiency in the form of lower levels of 
Real Losses. Additionally, most systems (77%) import less than 25% of total supply. 

Retail Cost and Real Losses 

To further investigate the relationship between cost of water and Real Losses, the research 
team compared customer retail unit cost to normalized Real Losses. Customer retail unit cost was 
divided into terciles so that each tercile contained approximately one-third of the audits in the 
entire audit data set (with invalid customer retail cost figures removed). The first tercile - "low" 
customer retail unit cost - ranged from $0.00 per 1,000 gallons to $3 .30 per 1,000 gallons. 
" Medium" customer retail unit cost ranged from $3.31 per 1,000 gallons to $5.55 per 1,000 gallons. 
"High" customer retail unit cost was considered above $5.56 per 1,000 gallons. These terciles and 
associated median customer retail unit costs are presented in Figure 5.6. 

41 
, !OIS "ater Rcseardt I ounilation. \I I. l<lt,11 I'- IU '-l:.R\ l· 0 . 



en 60 
C 

...2 
«l 
~ 50 

>, 
~ 40 Cl 

---c:: 
§ 30 

C) 

C: 
Cl) 

C/l 20 
---t/l 

Cl) 
en 
t/l 
0 IO 

...J 

«l ,.., 
0::: 0 

Customer Retail Cost and Real Losses 

38.91 

11 = 258 

low 
$0.00 - $3.30 

35.7-l 

II = 256 

medium 
$3.31 - $5.55 

Customer Retail Unit Cost 
$ I 1,000 gallons 

-IS.J I 

11 = 25~ 

high 
$5 .56 + 

Figure 5.6 Correlation between customer retail unit cost and normalized real losses 

This basic analysis indicates that there is no correlation between customer retail cost and 
Real Losses. However, the highest customer retail cost (greater than $5.56 per 1,000 gallons) 
corresponds to the greatest volume of normalized Real Losses. A similar phenomenon was 
observed when comparing customer cost and Real Losses on a regional basis (see fable -l.1-+). 
While customer retail unit cost reflects both the regulatory pricing parameters and the operational 
expenses unique to each system, this analysis suggests that for those utilities with the highest 
volumes of Real Losses normalized to service connections, the cost of real losses may manifest in 
customer pricing. However, please note that the exact expenses (e.g. sewer cost) included in 
utilities' reported customer retail costs are not known. For more information on the calculation and 
comparison of cost figures, please refer back to the "Note on Cost Figures" in Chapter 3. 

Variable Production Cost and Real Losses 

To examine the relationship between variable production cost and normalized Real Losses 
without incorporating import percent, the research team sorted audits into variable production cost 
terciles. The lowest tercile ranged from $0.00 per MG to $500.00 per MG, and the middle tercile 
ranged from $500.01 per MG to $1 ,600.00 per MG. The highest tercile was composed of any 
audits reporting a variable production cost higher than $1,600.0 I per MG. 
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Figure 5.7 Correlation between variable production cost and normalized real losses 

As observed in the previous comparisons between import percent, variable production cost, 
and Real Losses, systems with the highest variable production cost tend to have the lowest levels 
of normalized Real Losses. This relationship is displayed above in Figure 5. 7. When divided into 
terciles based on production cost, systems with the lowest variable production cost lose 50% more 
water per service connection than systems with the highest variable production cost. 

TOTAL WATER AND FINANCIAL LOSSES 

The composite audit data set provides a unique opportunity to quantify water losses and 
financial losses at a multi-state level. The 1,290 valid audits capturing the most recent audit period 
in California, the Delaware River Basin, Georgia, Tennessee, and Texas record 355,906 MG of 
Water Losses (both Real Losses and Apparent Losses), conservatively valued at $556,752,484. 
This equates to an average of 275.9 MG of audit-period Water Losses per utility, conservatively 
valued at $43 1,591. 

To determine the volume of Water Losses reflected in the audits, the research team summed 
the Apparent Loss volume and Real Losses volume reported in each audit. To then quantify the 
financial losses associated with these Water Losses, the median retail unit cost of the full data set 
was applied to Apparent Losses, and the median variable production cost was applied to Real 
Losses. Using median values allowed the research team to incorporate the financial losses of 
systems that reported invalid cost figures but valid volumetric data. Additionally, the research team 
also calculated financial losses using average cost figures. A minority of unusually high reported 
costs pulled average values significantly above median values. Therefore, employment of median 
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cost figures produces more conservative estimates of financial losses. Total data set Water Losses 
and financial losses are presented below in I abk 5.6. 

Table 5.6 Calculation of total water losses and financial losses 
VOLUME COST OF 

AVERAGE 
COST OF 

OF LOSSES 
MEDIAN 

LOSSES LOSSES 
(MG) 

COST 
(median) 

COST 
(average) 

Apparent Losses 58,774.78 $4.67 I 1,000 gal $274,478,228 $8.33 I 1,000 gal $489,483,725 

Real Losses 297,130.80 $950.00 I MG $282,274,256 $2,085.28 I MG $619,602,300 

TOTAL WATER LOSSES 355,905.58 - $556,752,484 - $1,109,086,025 

While these audits are primarily self-reported, this analysis nonetheless suggests that the 
median utility in the data set lost a volume of water valued at nearly half a million dollars during 
a single audit period. These losses occurred as both Apparent Losses and Real Losses, with each 
audit presenting a unique loss profile. 

The data set suggest that much of the Real Losses volume (and therefore the expenses 
associated with Real Losses) is technically recoverable, as the median ILi value in the data set is 
2.48 - approximately two and a half times the technical minimum level of leakage. The amount of 
water that is economically recoverable depends on the distinct financial and operational profile of 
each utility. The volumes of Apparent Losses that might be technically recoverable and 
economically recoverable depend on the distinct forms of Apparent Loss and each utility ' s revenue 
generation framework. 
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CHAPTER 6: CONCLUSIONS 

An impressive number of utilities are assessing and reporting their water losses. As the first 
step in developing a water loss control strategy, the growing adoption of the A WWA Water Audit 
Software and audit methodology signals increased attention being paid to supply-side efficiency 
in water management. The research team examined both the quality of the A WW A-methodology 
audits from state entities across the country and the levels of water loss reported. The following 
findings summarize the trends observed in the data sets and suggest areas for focus and 
improvement. 

• In all of the regional data sets reviewed, audits were excluded from further analysis due to 
implausible data. lab le 6.1 presents the total number and percentage of audits excluded from 
each region's data set based on a series of filters (see "Data Filtering Steps" in Chapter 3). 

Total Audits Submitted 300 517 452 629 5,646 
# of Audits Excluded 100 130 74 122 1065 
% Of Excluded Audits 33% 25% 16% 19% 40% 

It is notable that the regions with the fewest audit exclusions - Georgia and Tennessee, with 
16% and 19% of audits excluded, respectively - have the highest levels of training to support 
their reporting requirements. 

• Utilities whose audit results were not plausible tended to grade their data notably higher than 
the utilities that submitted audits with realistic data. Audits excluded from the calculation of 
summary statistics for reporting unreasonable results had a median self-reported data validity 
score of 77. I, whereas audits included in the calculation of summary statistics had a median 
self-reported data validity score of 73.1. This indicates that utility self-scoring of data validity 
does not actually capture true data validity. The gap between self-assessment of validity and 
the research team's filtering for reasonable water balances suggests that merely collecting 
audits is insufficient in promoting utility accountability. Fortunately, inaccuracy in data 
validity assessment can be corrected by audit validation, as defined in the section titled " Levels 
of Data Validation" in Chapter 3. Validation tends to result in lower data validity scores that 
better reflect true data validity, as seen in Georgia. 

• The trend in number of audits excluded over time differs between regions. For Georgia and the 
DRBC, the number of audits that were excluded from the reasonable data sets remained 
consistent from year to year. In Tennessee's data set, fewer audits were excluded from year to 
year, whereas in California, more audits were excluded from year to year. Texas data is 
primarily composed of a single year, so temporal trends were not examined. 

• The research team observed that all regional programs collect audits that require improvement 
in order to be informative. As a result, data validity is a worthwhile subject for trainings and 
other education and outreach programs. Given the number of excluded water audits, this kind 
of training is a critical first step before more reliable insight into national water loss statistics 
is possible. 
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• After exclusions of implausible audits, the composite data set - composed of the most recent 
audits from each regional data set - has a median IL1 of2.48. Therefore, halfof systems report 
losing between the technical minimum volume of Real Losses (UARL) and 2.48 times the 
UARL. The other half of systems report losing more than 2.48 times the UARL. 

• Looking a bit more closely at the data reveals that the average indicators of Water Loss are 
higher than median values. This indicates that normalized Water Losses are positively skewed 
(skewed toward higher values). A minority of unusually high reported Water Loss volumes 
pull the average above the median. See Chapter 4 for further analysis of the composite data 
set. Further investigation is required to determine whether these outliers reflect a reality of high 
losses or are the result of data integrity or data entry issues. 

• All regional data sets show an increasing median value of Real Losses per service connection 
per day over time. Given the changing levels of accuracy and consistency with which these 
audits are completed, the research team cannot confirm that this trend in the data actually 
reflects an increasing volume of Real Losses. It is possible it also reflects more accurate 
reporting over time. 

• Examining correlations in the composite data set revealed a number of valuable findings: 
o Systems with the highest variable production cost tend to have the lowest levels of 

normalized Real Losses. 
o Real Losses increase as average operating pressure increases. 
o No significant relationships were found in comparing Real Losses with customer retail 

cost or Real Losses with system size. 

In reviewing the largest compilation of A WW A-methodology audits to date, it is clear that 
more training and education would be worthwhile to improve confidence in regional water loss 
reporting. Additionally, more rigorous audit validation will be required to produce audits that truly 
reflect reality. Currently, the only region to require audit validation is Georgia, where all audits 
are subject to level I validation (see Chapter 3 for definitions of audit validation levels). The 
Georgia data set produced the fewest unrealistic audits, thereby providing evidence that third-party 
audit validation improves audit quality. More rigorous validation at levels 2 and 3 could further 
improve audit quality and perhaps even eliminate all unreasonable audits. 

Until the number of implausible audits decreases, it will be difficult to discuss typical levels 
of water loss without qualification of the accuracy of the data set. In the meantime, this study 
highlights general but noteworthy trends, such as the connections between Real Losses and 
pressure and the relationship between Real Losses and production cost. The research team is 
optimistic that as the reliability of regional data sets improves, more insight into appropriate and 
effective water loss control programs will surface. 
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AF 
AWWA 

BMP 

CARL 
CCF 
COT 
cuwcc 
CWCB 

DNR 
DOH 
DRBC 

EPD 

gal 
GAWP 
GEFA 
GWSA 

JU 
IWA 

MG 
MOU 

NMOSE 
NRW 

Pl 
PSC 

serv conn 
SIV 

TAUD 

UARL 
UMRB 

YPC 

LIST OF ACRONYMS AND ABBREVIATIONS 

acre-feet 
American Water Works Association 

Best Management Practices 

Current Annual Real Losses 
hundred cubic feet 
Comptrol ler of the Treasury 
California Urban Water Conservation Council 
Colorado Water Conservation Board 

Department of Natural Resources 
Department of Health 
Delaware River Basin Commission 

Environmental Protection Division 

gallons 
Georgia Association of Water Professionals 
Georgia Environmental Finance Authority 
Georgia Water Stewardship Act 

Infrastructure Leakage Index 
International Water Association 

million gallons 
Memorandum of Understanding 

New Mexico Office of the State Engineer 
Non-Revenue Water 

performance indicator 
Public Services Commission 

service connection 
System Input Volume 

Tennessee Association of Utility Districts 

Unavoidable Annual Real Losses 
Uti lity Management Review Board 

variable production cost 
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WAC 
WADI 
WLCC 
WRF 
WTB 
WUE 
WWFB 

Washington Administrative Code 
Water Audit Data Initiative 
Water Loss Control Committee 
Water Research Foundation 
Water Trust Board 
Water Use Efficiency 
Water and Wastewater Financing Board 
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Water Sense" M EPA Partnership Program Product Search 1 Meet Our Partners I Contact Us I FAQ 

Wc;terSense Partners 2015 Winners 

You will need Adobe Acrobat Reader to view some of the files on this page. See EP/i's f-'DF p2q,~ to learn more 
about PDF, and for a link to the free Acrobat Reader, 

2015 VVatcrScnsc Partners of the Year 
On October 8 1 2015, the 2015 WaterSense Sustained Excellence 

Award winner, Partners of the Year, and Excel!ence Award 
winners were announced at U1c W~ic,_,r-S0nsr:' ,mc.l A!i:~,nc; fur 

\Vc,[·Qr Ef'l'i;:i.-cncv Aw;;,rcls Lunchson. The luncheon was held at the 

VVc,terSrnu1 t Innvvat i".!'!S Confu1.:r1ce z;nd Expv~itiu:1 
TX.ii' -c:ifr."Ef.-,Xi1~f-·;-

Since the program began in 2006, WaterSense labeled products 
have helped Americans save 1.1 trillion gallons of water and 

$21.7 billion in water and energy bills. In 2014 alone, 

EPA 

WaterSe11se 
2015 PARTNER 

. . Ol Hit YEAH 

WaterSense labeled products saved 346 biHion gallons of water. By working together, WaterSense partners 

across the country continue to make a difference every day. 

WaterSense recognizes four Sustained Excellence Award winners, seven WaterSense Partners of the Year, and 

six Excellence Award winners for helping to advance and promote WaterSense and water efficiency 

throughout 2014. 

The winners are: 

2015 WaterSense Sustained Excellence Award Winners: 

K,•;i1kt Co. 

rhe :-i ·n:r' r> Jot 

2015 WaterSense Partners of the Year: 

-iP Cit.,, nr Ch-·-ir r;1t,.0 s,, !k {Virginia) 

C.cl;b ,rnly 'ler· Sy:.: c,, (Georgia) 

(Utah) 

vtr,!c' 0h!p (California) 

2015 WaterSense Excellence Award Winners: 

,-,, l" .>s (Colorado) 

(Colorado) 

https://www3.epa.gov/watersense/partners/winners_2015.html 1/8 
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h•,· 1
·"' Suuncl En -,rqy {Washington) 

Learn about the Su 't<lHkcl [)- 1:eliH1cc, Partn,,,s ot tLe Ycc11 ;-,c;(i f:::xc, lk:i(cc /\;,,,c,rcl WifHl~•rs' occcm;._,!1:-hments 

(P[;i") /8 Vii, 2.9MS) and read the EPA pt•~:-s r.+.:-,c,,c lf.':,:.'ifc'i'ii:.Cf!'i;;,;,;-;' 

2015 Sustained Exce!lence Award Winners 

Kohler Co. 

KnhiF Co. '(_·,::ri--°f:ih.d~ir1~.i>, now a three-time WaterSense 

Sustained Excellence winner, made it a priority in 2014 to 

address the country's drought concerns, The company worked 

with The Home Depot to provide special promotions on 
KOHLER. 

WaterSense labeled toilets and showerheads in areas hardest hit by California's drought. In addition, Kohler 

employees collaborated with the City of Brownwood, Texas, to offer significant discounts on WaterSense 

labeled toilets, faucets, and showerheads and helped retrofit Brownwood City Hall with water-efficient 

products. Looking beyond products, Kohler supported the Charting New Waters initiative, led by the Johnson 

Foundation, which gathered stakeholders to identify solutions to protect water resources across the country. 

Kohler continued to educate consumers and professionals through its "Trn ;t th~ fu,,h" .f.-i.S1 .. i:'i"!_S_d~i",Tl~r mobile 

marketing campaign. The 2014 cross-country bus tour showcased WaterSense labeled toilets at more than 

195 events, including multiple stops at WaterSense distributor partners. For the second consecutive year, 

Kohler provided WaterSense labeled products for the Green Builder Media's VISION House® in INNOVENTIONS 

at Walt Disney World's Epcot® in Orlando, Florida, which was visited by more than 200,000 people. 

Delta Faucet Company 

Ddt--:1 Fauu2;: Cur1.:.,,• :-w :E":.ii e·1sdii/r>10i-',, a three-time Manufacturer 

Partner of the Year, earned its first WaterSense Sustained Excellence 

Award for its collaborative efforts to promote water efficiency and 

WaterSense labeled products in 2014. Delta met quarterly with major 

~DELTA 
FAUCET COMPANY 

retail chains to create and execute strategic plans to promote WaterSense labeled products. To help hotels 

understand water efficiency improvements and the possible need for installing WaterSense labeled 

showerheads, Delta worked with global hotel chains to conduct studies on guests' water usage and shower 

experiences. 

D<'lt«·s M~pp,Mess campaign nmt,nued intc 2015 at Wardoc Da,11 
r~~e~ nat,c;r•wi<J2, w>rnrl' r,Ha<'L"l'S ~b,a,Cld llp witt, th· t1dp <,4 

W1>terS<cnv· Labele(1 >!1<>w~r·t1each, (F,,nrn: Ste,~n Mttct,<cll'AP 
kH,gl>s l'o! D<c~c, f'-auc~-t c.,,,q:,ar;yj 

Further expanding its WaterSense labeled product line, 

Delta introduced the WaterSense labeled FlushIQ® 

toilet in 2014, which offers leak detection and overflow 

protection to promote water efficiency and includes a 

touch-free flush. Delta's WaterSense labeled Dryden™ 

and Ara™ faucets were recognized by an international 

trade publication for design excellence. 

In 2014, Delta launched the i·J;:;q)IMc5,:.; !:Xi·Ol-ii(!fo};,\-;;; 

campaign to help consumers embrace mess with 

confidence knowing that WaterSense labeled and other 

water-efficient products will be there to help clean up 

even the dirtiest of messes. The campaign utilized both 

traditional and social media outreach, including a 

feature in more than 90 blog posts, more than 2,700 

tweets leveraging the hashtag #HapplMess, and an article in The New York Times, resulting in more than 83 

million media impressions. 

KB Home 

Four-time WaterSense Builder Partner of the Year,:<:: He·;,,~ 

t,Kr\ tw;ct,wn,;-, , received its first Sustained Excellence Award for 

demonstrating its commitment to water efficiency by constructing 96 

WaterSense labeled homes in 2014, an increase of 60 percent from 

2013. The company introduced five new communities in which a!J homes 

will be designed to earn the WaterSense label. 

To further showcase its water efficiency innovation, KB Home built its first 

Double ZeroHouse 2.0 model home in Lancaster, California, and its first 

Double ZeroHouse 3.0 model home in El Dorado Hills, California-both 

were designed to achieve net-zero energy and the highest levels of 

resource efficiency. These homes are WaterSense labeled and also feature water- and energy-efficient 

dishwashers and graywater recycling systems. The Double ZeroHouse 3.0 model uses recycled drain water in 

all of the home's WaterSense labeled toilets to achieve zero freshwater flushing. 

KB Home's accomplishments in support ofWaterSense were featured in two high-profile news stories: Builder 
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Magazine's "WaterSense Is Good Business Sense" in October 2014 and local television station KTLA's news 

series "Be Waterwise Wednesdays" in August 2014. During 2014, KB Home continued to educate and train its 

sales staff on water efficiency, including the benefits and features of the WaterSense label, and required 
employees to pass a certification test regarding the proper use of the WaterSense label. They also held 

trainings for landscape and plumbing contractors on WaterSense's indoor and outdoor homes criteria, 

The Home Depot 
l J,,, !--krne [H:!pGt !'.liri":Qi.~i+;<_;;.-_;~,;;:,, a three-time WaterSense Retailer Partner 

of Year, earned its first Sustained Excellence Award for its dedication to 

WaterSense education and outreach efforts. In 2014, 518 billion 

WaterSense media impressions were generated. In addition to regularly 
featuring WaterSense on The Home Depot's website and in-store 

promotions, the company launched an online advertising campaign, 

featuring WaterSense labeled products, through Google and high-traffic 
websites such as The Weather Channel. 

The company also hosted more than 80,000 Web-based video courses to 
train sales associates on WaterSense and WaterSense labeled products. In 

order to help consumers purchase WaterSense labeled products, The Home Depot discounted WaterSense 

labeled products in stores and online, helping customers achieve more than $39 million in product 

markdowns. 

In conjunction with Fix a Leak Week 2014, The Horne Depot ran a 

five-week water efficiency national press campaign in the spring. 

During the campaign, stores hosted events, including a special event 

at the retailer's Raleigh, North Carolina, store in collaboration with 
WaterSense promotional partner, the City of Raleigh Public Utilities 

Department. The store invited the community to learn more about 
fixing leaks in their homes and installing water-efficient products. 

Attendees were glven water conservation kits featuring WaterSense 

labeled products. The Home Depot also partnered with AmeriCorps and 
the State of California to distribute more than 30,000 water 

conservation kits to households in disadvantaged communities 

affected by drought. 

2015 Utility Partners of the Year 

City of Charlottesville 
Ti·,,.' Ci.y (;f ChiJrk;t'l~')OYih: f:irf.-PiSCiaime_, , Virginia, received the 

WaterSense Promotional Partner of the Year award for its various events 

and outreach promoting WaterSense in 2014. One of the city's most 

celebrated events was the Fix a Leak Week Family SK where 75 
participants chased a "running toilet" to the finish line. Each participant 

received t-shirts with the WaterSense program logo and information on 

the city's WaterSense labeled toilet rebate program. In addition, the city 

participated in a number of events focused on children, including 

Kid*Vention, an annual science event sponsored by the Virginia Discovery 

Museum with more than 1,200 attendees. At the event, the City of 
Charlottesville distributed numerous activity books that included stickers 

and pens with tips on "The Top 5 Ways to Save Water.u 
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The city also partnered with Charlottesville's Local 

Energy Alliance Program (LEAP), which offered local 
home energy check-ups and identified areas for water­

efficient improvements. To encourage residents to 

implement the identified changes, the city provided all 

LEAP home energy coaches with water conservation 
kits containing WaterSense labeled showerheads and 

leak-detection dye tablets that were distributed to LEAP 

participants. 

The City of Charlottesville developed a "Blue Team" 

comprised of a small group of high school students who 
conducted door-to-door outreach to more than 200 

homes and provided residents with water conservation 
kits, including WaterSense labeled sllowerheads and 

additional product rebate information. Through radio advertisements, local events, on!ine outreach, and social 

media, the city was able to distribute nearly 500 toilet rebates to both residential and multi-family homes. 

Cobb County Water System 

··, Cc,, al\' 'N n;r :;·;:;,.e,, _6n' q,;;(;&i,n,n in Georgia, now a four-time WaterSense Promotional Partner of 
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the Year, made an effort to participate in all of WaterSense's outreach 

campaigns in 2D14, For the H
2
0tel Challenge, Cobb County offered free water 

audits at hotel facilities and distributed marketing materials with WaterSense 

messaging. The utility successfully recruited five hotels to participate in the 

Challenge and featured one of the hotels in its Water $aver quarterly e­

newsletter. To promote Sprinkler Spruce-Up, Cobb County produced a 

segment for the local county cable station, instructing consumers about 

water-efficient irrigation systems and successful watering practices, The utility also had a hands-on 

WaterSense labeled irrigation controller demonstration in its lobby during Sprinkler Spruce-Up where 

consumers could practice scheduling the weather-based irrigation controller and ask questions of county staff. 

As part of Fix a Leak Week 2014 and the Gr·e,2n Cry program 1g\)J.P!S:d;,iifri,:i', Cobb County collaborated with 

Niagara Conservation and Green Plumbers USA to replace toilets and showerheads with WaterSense labeled 

models. For the Shower Better campaign, Cobb County provided 3,600 WaterSense labeled showerheads to 

Kennesaw State University students to retrofit their dorms. 

In addition to supporting WaterSense campaigns, Cobb County once 

again participated in the Metropolitan North Georgia Water Planning 

District's Water Drop Dash SK. During the event, Cobb County 

distributed 100 outdoor water efficiency kits to attendees who visited 

four exhibitors during the water festival. Cobb County also held events 

at local Home Depot stores during a Georgia sales tax holiday weekend 

and gave away 6,000 WaterSense labeled showerheads to consumers 

throughout the year. 

The utility supported a couple key research initiatives and conduded a 

three-year grant project on the outdoor component of WaterSense labeled homes. The results included three 

articles that described how the financial barriers for achieving WaterSense labeled homes outdoor criteria were 

not significant. 

Murray City Corporation 

WaterSense Promotion al Partner of the Year, Murrey C ty Cu1J,,tal';, 

rt:ir"iiiS;:;i;:,fn:iti"i\ in Utah, used its limited resources to make a big water efficiency 

splash in its small community, The city launched its "Tap Into Murray Quality" 

campaign to promote WaterSense and water conservation as its key message to 

customers. The campaign incorporated WaterSense promotional materials, 

including bill stuffers, blog posts, the WaterSense promotional label, and social 

media posts to promote awareness. To educate the community about 

WaterSense, Murray City hosted a traveling booth at local farmers' markets, 

youth sporting events, and other local happenings to introduce residents to 

WaterSense and learn how to be more water~efficient. 

Murray City partnered with local plumbers and plumbing suppliers during Fix a 

Leak Week 2014 to educate consumers about water efficiency, fixing leaks, and 

the city's rebate program. Plumbers and plumbing companies promoted the event 

MURRAY 
CITY 

WATER 

by offering a special Fix a Leak Week discount to their customers. When Murray City hosted a Fix a Leak Week 

booth at a local Lowe's Home Improvement store, 1t resulted in the Lowe's store selling out of its WaterSense 

labeled showerheads. The city surveyed both plumbers and rebate participants on their experiences with 

WaterSense labeled products in an effort to gain more research on product satisfaction. Nearly 80 percent of 

participants surveyed indicated they would purchase WaterSense labeled products again. Staff a!so partnered 

with the National Energy Foundation and administered a survey to obtain results from its Water Wise Kids 

program and water-efficient practices. The city found that the education program was effective, as the kids 

surveyed were knowledgeable about ways to be water-efficient. For example, BO percent of the kids said they 

take five-minute showers, and nearly 40 percent have helped their parents install water~efficient aerators in 

their homes. 

2015 PromoUono! Partner of th(' Year 

Texas A&M AgriLife Resear-ch and Extension Center at Dallas 

at Dallas received a WaterSense Promotional 

Partner of the Year award for its efforts to promote 

WaterSense to consumers across the state of Texas. In 2014, 

Texas AgriUfe continued touring with its Mobile WaterSense 

Home, an 8-by-14-foot mobile home with a bathroom 

J\:aruLIFE 
RESEARCH I EXTENSION 

showcasing a WaterSense labeled dual-flush toilet, bathroom sink fixture, and showerhead, Texas Agrilife also 

created giant irrigation heads and flags promoting the "Find It, Flag It, Fix It" campaign, which was launched 

m conjunction with Fix a Leak Week 2014. The "Find It, Flag It, Fix It" campaign encouraged homeowners to 

inspect their in-ground irrigation systems for leaks and flag any necessary points of repair. About 6,000 

irrigation flags with the "Find It, Flag It, Fix It" slogan, Texas AgriLife's website, and the WaterSense partner 

logo were distributed to consumers. In addition to promoting to consumers, Texas Agrilife's WaterSense 

labeled home was showcased during a traveling demonstration to professional audiences. 
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At 24 regional outreach events, Texas AgriUfe proudly displayed the WaterSense partner logo and promoted 

WaterSense labeled products, either with the use of the Mobile WaterSense Home, the dual-flush toilet 

demonstration, or the wall of irrigation controller demonstrations, Texas Agril1fe also exhibited information on 

WaterSense labeled weather-based irrigation controllers and rainwater harvesting at the State Fair of Texas. 

In total, Texas Agrilife was able to reach nearly 500,000 participants at these events. 

In 2014, Texas Agrllife had 46 appearances on a Sunday morning news program reaching 560,000 viewers 
each week, In addition to the news program, Urban Water Team members conducted 19 television interviews 

related to the WaterSense labeled homes, irrigation-related water efficiency, and plant selection, reaching a 

viewership of nearly 2 million. The organization also started work with a local developer on the design of a new 

residential community featuring WaterSense labeled homes. When fully constructed in 2015, the 

development will have 900 homes, 120 town homes, and an elementary school. 

2015 Manufacturer Partner of the Year 

The Toro Company 
Tt-c Tom Ct,1T1pny \'\ir"J:i;i~-hYiCT>,/( earned the WaterSense Manufacturer 

Partner of the Year award for its demonstrated commitment to expanding 

awareness of WaterSense labeled products in 2014. Its regional sales 

managers partnered with water agencies throughout their territories to 

educate end users on the installation and programming of weather-based 

irrigation controllers and municipal rebates. The company also partnered 

with the Irrigation Association's regional chapters and other organizations 

to train and educate contractors and distributors, including John Deere 

Landscapes, on water efficiency best practices, the availability of WaterSense labeled products, and tips on 

how to install and use weather-based irrigation controllers to obtain maximum water efficiency. 

To further promote water efficiency, The Toro Company featured its WaterSense labeled weather-based 

irrigation controllers at 30 national and regional trade shows, expositions, and sales events with exposure to 

more than 70,000 consumers, contractors, landscape architects, and irrigation professionals, In addition to its 

outreach, the Toro Company supported WaterSense as it conducted research about soil-moisture based 

control technologies by developing test criteria for these products. 

2015 Licensed Certification Provider Partner of the Year 

Energy Inspectors Corporation 

Three-time WaterSense Licensed Certification Provider Partner of the Year, En ·:r-qy 
In~;pu:.1-or,; CL.'tpv,:d·:on _icxrrcisrsf;;im,,,,, exemplified its continued leadership in the 

WaterSense New Homes program and maintained its strong collaboration with 

WaterSense builder partners in 2014. Working closely with KB Home, the 

company certified more than 95 properties that met WaterSense homes criteria­

double the number of homes it certified in 2013. With Energy Inspectors' support 

and promotion 1n 2014, KB Home committed to building 10 communities of 

WaterSense labeled homes, which represents around 600 homes. • ENERGY INSPECTORS" 

The company's mspectors continue to follow its hands~on training approach to the WaterSense Labeled New 

Home Inspection Checklist on model homes. To date, Energy Inspectors Corporation has trained 11 inspectors 

to perform WaterSense specification inspections. In 2014, the company developed an online training video for 

both new and existing inspectors to maintain their knowledge on performing WaterSense labeled home 

inspections, 

2015 Prnfession,:d Certifying OrQanlztition Partner of the Year 

SonomawMarin Saving Water Partnership 

Two-time WaterSense Professional Certifying Organization Partner of the, Yee"· 
10,na--i·-',:" n s., .. ''".J '/'ho'.--'· Put1·1e•or:.;f\;p (S'•L '/Ji') r.xn Dkde<11n,,-, in California, 

continued to promote the WaterSense labeled Qualified Water Efficient Landscaper 

(QWEL) certification program. In 2014, SMSWP accepted four professional certifying 

organizations that adopted the QWEL certification program and cert:ified 200 

professionals, It also continued to educate irrigation professionals and its customers 

on the benefits of sound landscape design, management, and irrigation practices, 

in duding WaterSense labeled weather-based irrigation controllers. Outreach to 

existing QWEL certified professionals increased in 2014 with the launch of the monthly QWEL North Bay 

Newsfetl'er, which provided information related to WaterSense training and continuing education 

opportunities. 

SMSWP continued collaborating with the International Association of Plumbing and Mechanical Officials in 

2014 to jointly promote the Green Plumbers Training program and QWEL through its newly developed website 

at ,·;;,•.;d.c/' ;;:,.n r,,,;c•ia.,"'"' . In early 2014, SMSWP refined the QWEL graywater specialty training 

module with instructions covering graywater codes in California, system design and s:zing, laundry-to-
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landscape, branched drain systems, and plant selection. Using the module, they sponsored a successful initial 

class in Sonoma County, California, in April 2014 with 23 participants. SMSWP also began working with a San 

Francisco~based nonprofit organization, WaterNow, to increase the reach of the QWEL graywater module and 

train additional irrigation professionals and plumbers to install graywater systems. 

2015 Excellence in Strategic Co!laboration 

Colorado Springs Utilities 
In 2014, Coi01·c,1co S;,rinqs Ut.:iit'':',; (CSU) IXi1'6"<SCT.a"l"m"iii' 

in Colorado developed successful partnerships with a 

variety of organizations to promote the WaterSense 
mission. For example, CSU helped the University of 

Colorado at Colorado Springs by supporting a student-led 

dormitory retrofit of early 1990s-era toilets with 
WaterSense labeled models. Students researched and 

Colorado Springs Utilities 
It's how we're all connected 

tested multiple models and ultimately replaced 233 units, recycled the old models as aggregate, and 

completed rebate applications. 

CSU introduced its "Guerilla Green" campaign, a proactive water efficiency education and outreach approach 

to work with WaterSense partners and promote WaterSense in their communities. Staff developed 

relationships with multiple WaterSense partners within their communities to elevate the value of water in 
business operations and to establish WaterSense as the solution for implementing conservation initiatives, In 

turn, these partners demonstrated their support for water efficiency by informing their customers about 

WaterSense and how to participate in available CSU incentive programs. 

2015 Excellence !n Promoting V✓aterSense Labe!ed Products 

Denver Water 
D,;nver Vs',iter :i;_:i,:1!.J'.:>JScJii>li'-11~.r: in Colorado promoted the 

adoption of WaterSense labeled products through 

retailer education, rebate programs, and targeted 
outreach. Staff visited approximately 60 retail outlets in 

DENVER vVATtR 

2014 and held conversations with sales and customer service representatives, provided point-of-sale displays 
for applicable products, and received feedback on customer service. The Denver Water conservation team 

members worked with retailers to promote the utility's toilet rebate program, explain WaterSense 

performance testing, and encourage retailers to carry more WaterSense labeled products. The utility also 

offered rebates for WaterSense labeled toilets and promote the use of every WaterSense labeled product 

category. 

In addition, Denver Water created a new WaterSense Challenge in 2014 to identify large, multi-family 

buildings with exceptionally high indoor water use per unit. A dedicated team member worked closely with 

participants to conduct a home makeover using WaterSense labeled fixtures. In 2014, Denver Water 
encouraged eight large condominium and apartment complexes (approximately 3,700 units) to retrofit 

bathrooms with WaterSense labeled fixtures. 

201.5 Exce!le1"1C0; !n Education and Outreach 

Metropolitan North Georgia Water Planning District 

educated consumers about water efficiency and WaterSense 

labeled products across Metro Atlanta. In conjunction with WaterSense's Fix 
a Leak Week, the Metro Water District hosted its annual Water Drop Dash 5K 

and Water Festival to promote simple ways to find and fix leaks in homes, 

Prior to the event, the Metro Water District partnered with Cox Media Group 

to air 15-second radio spots and a 30-minute interview about Fix a Leak 
Week and the event. More than 700 runners participated In the 2014 race, 

and each runner received indoor and outdoor water conservations kits. At 

the Water Festival, the Metro Water District and 11 participating water 

utilities provided hands-on, water-related activities and giveaways, such as 

toilet dye tablets, shower timers, and rain gauges. 

In addition, the Metro Water District educated consumers about WaterSense labeled products by promoting its 

rebate program via its website, press releases, program fliers, and Georgia Sales Tax Holiday materials. They 

also updated two irrigation brochures that educate consumers about WaterSense labeled weather-based 

irrigation controllers and reminds consumers to hire certified irrigation professionals. 

New Hampshire Department of Environmental Services 
The~-, "'-'HL L,' >:!'t'11-::'i 0 c· :,:,, ·· ,i S,:av,c •'- (i'Ji----iD::CS) f,:cn- cis~l,;ir""' utilized information in 

WaterSense materials to develop the New Hampshire We're for Water campalgn tailored specifically for state 

residents. NHDES also promoted the WaterSense label statewide and encouraged water behavioral changes 
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through a social marketing campaign. NHDES held a New 

Hampshire "Cute Kid Photo Contest" within the department to 

compile photos for marketing the WaterSense program. The 

winner was featured on the cover of a "Saving Water Is in Your 

Future" brochure featuring WaterSense's simple steps to save 

water, 

In additlon to its outreach to residents, NHDES educated utilities, 

municipalities, and other stakeholders about WaterSense and encouraged them to become partners, NHDES 

collaborated with the NHSaves program, a partnership program between several electric and gas utilities in 

New Hampshire, to update its catalog in 2014 with WaterSense labeled products and a Shower Better 

infographic. 

2015 Excellence In Sprinkler Spruce-·Up /Activities 

Municipal Water District of Orange County 

In spring and fall of 2014, the fv!unidpcd v1a~ -, .. C str:c' of Or,wc,·­
C:-,c1nty (M\VOOC) .n!r o;i;:,i,;;,.:,_,.,, in California used the Orange 

County Garden Friendly (OCGF) Program as a platform to 

promote WaterSense's Sprinkler Spruce-Up campaign with 

water-efficient plant choices. MWDOC teamed up with the 

Orange County Stormwater Program and University of California 

Cooperative Extension to host six events throughout Orange 

County-three at Home Depot stores and three at other local 

MUN!Cll'>AL 
WATER 
DISTRICT 
OF 
ORANGE 
COUNTY 

garden centers. At these events, more than 700 retail customers learned about WaterSense labeled weather-

based irrigation controllers and the importance of "sprucing up" irrigation systems. 

WaterSense labeled weather-based irrigation controller sales increased during the events by more than 225 

percent at three Home Depot stores as compared to the average daily sales. Through the OCGF platform, 

MWDOC distributed approximately 25,000 fliers to Home Depot stores across Orange County to promote 

WaterSense labeled products eligible for rebates. 

2015 Excellence in Prnrrwting the Water/Energy Nexus 

Puget Sound Energy 
PwJet Sound tnerQy (FSE) txffo.iss,:;t,,;;.;,;_;;-. in Bellevue, Washington continued to 

demonstrate its leading role in promoting the water/energy nexus in 2014 by 

launching a sports-themed "Energy Upgrade" campaign targeting 14 high-profile 

events. The campaign's cornerstone event was held in September 2014. PSE 

targeted ferry, bus, light-rail, and train commuters as they made their way to an 

PUGET 
SOUND 
ENERGY 

NFL football game between the Seattle Seahawks and the Denver Broncos. Commuters received a "Golden 

Upgrade Ticket" to redeem for a free WaterSense labeled showerhead or energy-efficient appliance. In total, 

10,037 golden tickets were distributed and 29 percent were redeemed, 

Another key component of the campaign's success was its retailer and 

manufacturer partnerships. Partners such as Kohler Co. donated prizes, 

and PSE increased its rebates on the partners' WaterSense labeled 

products during the campaign, 

/\bout the Awards Pro9rarn 
Each year, WaterSense Partners of the Year contribute to the program's 

success by enhancing the market for water~efficient products, practices, 

and services. Learn what previous WaterSense Partners of the Year 

A f'5C. cn,ployc..c' U<''t; gives a G_,C:::c>11 
UpgrJ<iC T;cket to~ S<!i,t'k~ Seahm~K> f~1L 

have done to increase water efficiency and promote the WaterSense labe! within their respective partner 

categories. 

2015 

2CU 

)012. 

10 

0 
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Table 36. Reduction in flow nf Apalach,cola River at Chattaboochee, Fla .. and near Sumatra, Fla,, caused 
t,y simulated pumf)age i11 Upper Floridan aqwfer 
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The Flint River Basin Water Development and Conservation Plan ("the Plan") was 

initiated in October 1999 in response to a . prolonged drought, increased agricultural 

irrigation in southwest Georgia since the late 1970's, and scientific studies that predicted 

severe impacts on streamflow in the Flint Rjver Basin (FRB) due to withdrawals from 

area streams and the Floridan aquifer. As defined in Georgia statutes, . regional water 

development and conservation plans "shall promote the conservation and reuse of water 

within the state, gu~rd against a shortage of water within the state, promote the efficient 

use of the water resource, and be consistent with the public welfare of the state." 

(O.C.G.A. 12-5-3 l(h)). Similar language is found in the Groundwater Use Act, which 

also requires plans to address "sustainable use". 

· Because agricultural irrigation uses the largest volume of water in the FRB, this report 

and its recommendations will focus on irrigation and farm-use withdrawal permits. The 

report summarizes the most recent and comprehensive scientific studies avaHabfe on 

water use and hy<!re;geology in the FRB, evaluates impacts of water use on the stream­

aquifer system and stream ecology of the lower FRB, and establishes EPD permitting 

actions based on stakeholder-developed recommendations. The Plan covers agricultural 

water use in the entire FRB, but the focus is on the lower Flint River Basin where 

agricultural water use is greatest · 

The FRB extends from Hartsfield-Jackson International Airport in Atlanta to the 

.. southwestern corner of Georgia (Fig. 0.1). It's southern half lies within the Coastal Plain 

. physiographic province. · South of Dooly County, the Flint River and some of its 
. . . 

tributaries are in hydraulic connection with the Floridan aquifer, and either receive water 

from the aquifer or lose water to it depending on the head difference between the streams 

and the aquifer. This area where the streams are connected to the Floridan aquifer is 
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known as "Subarea 4 of the Apalachicola-Chattahoochee-Flint (ACF) Basin", and it 

includes part of the lower Chattaµoochee watershed as well as a narrow strip on the 

eastern edges of the Ochlo~konee and Suwannee River Basins. For siropfrcity, these 

areas adjacent to Subarea 4 will be included in all subsequent discussions of the FRB. 

Water use in the FRB below the fall line is dominated by agricultural irrigation, which 

comprises as much as 90% of the water used dw'ing the April-September growing season. 

Overall, a total of approximately 160,000 acres are irrigated from surface-water 

throughout the FRB and approximately 403,000 acres from Floridan aquifer •wells in 

Subarea 4 (Fig. 0.1 ). Approximately 250 mgd are used basin wide by agricultural 

surface-water users in July (the peak month) of a typical irrigation season during a 

drought year, and approximately 950 mgd are withdrawn from Floridan aquifer irrigation 

wells at the peak of the irrigation season during a drought year. These withdrawals 

reduce streamflow, and can degrade aquatic habitat in the lower -FRB. Surface-water 

withdrawals have a more direct effect than do ground-water withdrawals. 

Pennitted municipal and industrial (M&I) water withdrawals throughout the FRB total 

approxirn13:tely 120 mgd on a monthly average from surface-water sources (mostly north 

of the fall line), 88 mgd from aquifers other than the Floridan aquifer, and 30 mgd from 

the Floridan aquifer in Subarea 4. Actual surface water use in 2004 was approximately 

50 mgd (Table 5.3). M&l withdrawals from the Floridan are equivalent to 3% of the 

agricultural ground-water use, and thus will not be discussed in any further detail in this 

report. The permitted withdrawals of consumptive M&I surface-water usage is offset by 

water returned as treated wastewater, which in the Flint River Basin is approximately 126 

mgd. Actual discharges are much smaller. Thus, the amount ofM&I watenemoved and 

not retw·ned from the Flint River and its tributaries is only a fraction of the total 

consumptively used surface-water withdrawals. Because agriculture irrigation uses the 

largest volume of water in the FRB, th.is report and its recommendations wilJ focus on 

ilTigation and farm-use withdrawal permits. 
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Surface-water and ground-water withdrawals in the FRB can have a negative impact on 

stream ecology and the viability of sensitive aquatic species. Specifically, the FRB is 

home to species of federally protected freshwater mussels·, whose populations have been 

declining precipitously since the early 1900's. During the drought of 1999-2002, mussel 

populations in many locations in the lower FRB were substantially reduced, especially in 

parts of Ichawaynochaway Creek and Spring Creek sub-basins (Fig. 0.1). Significant 

declines in surveyed mussel populations also occurred in other watersheds, mostly inside 

Subarea 4. The lower FRB also contains a significant population of gulf striped bass. In 

summer, the bass take thermal refuge in the cooler water of the blue-bole springs that are 

dependent on adequate ground-water discharge. Ground-water withdrawals from the 

Floridan aquifer may lower aquifer head, reduce spring flow, and deprive the bass of 

thermal refuge. 

Two hycirologic modeling systems we,re used to evaluate the effects of ground-water and 

surface-water (inigation) withdrawals on st'reamflow in the lower FRB. The ground­

water model was developed by the U.S. Geological Survey (USGS) and modified by 

EPD, and simulates flow between the Floridan aquifer and streams that are hydraulically 

connected to the Floridan aquifer. The streamflow modeling system, Hydrologic 

Simulation Program Fortran (HSPF), was used by EPD to simulate the extent to which 

streamflow is affected by surface-water irrigation withdrawal and reduced base flow as 

calculated by the USGS ground-water model. HSPF modeling included a series of 

' 'future scenario" analyses that imposed irrigation stresses on likely rainfall patterns for 

the next 50 years. 

Simulated streamflow was modeled under a range of scenarios and compared with in­

streamflow criteria. It is thought that sustaining flows that mc;et the criteria will prevent 

further hann being done to the freshwater mussels. The criteria against which flows were 

compared were developed by the U.S. Fish and Wildlife Service (USPWS) for regulated 

and un-regulated streams in the ACF basins (U.S. Fish and Wildlife Service, 1999). EPD 

used the specific criteria for unregulated streams since the Flint liver downstream from 

Lake Cheehaw is free flowing, and the major tributaries have no significant 
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impoundments. The criteria for unregulated streams evaluate the one-day minima that 

occur in a stream, the frequency with which those minima occur, and the duration of low 

flows. According to these criteria, the lowest daily flows, the lowest quartile of all daily 

flows, and the median of all daily low flows are not to be exceeded a certain number of 

times, and they are not to be exceeded for prescribed lengths of time. 

Food and fiber producti~n is a major aspect of the FRB economy, and the majority of 

agricultural production is for human consumption. Combined with processing facilities, 

direct manufacturing, and the agriculture-related · trade sector, the total impact of 

agriculture in the lower FRB is approximately $5.8 billion, or 34% of the regional 

economy. Irrigation greatly increases crop yields, crop quality, crop diversity, gross and 

net return, land values, etc., and thus plays a major role in the regional economy. 

Economic models were used to estimate the economic impact of reducing irrigation in 

parts of the FRB. 

The Flint River Basin Regional Water Development and Conservation Plan incorporates 

recommendations developed by a Stakeholder Advisory Committee (SAC) during a year­

long series of public meetings, and technical findings of several sound-science studies 

conducted in the Basin. The Plan is presented in three parts following an executive 

summary. Part I contains a summary of technical findings and the permitting actions 

EPD will take to manage agricultural water use in the Flint River Basin. Part II consists 

of a description of the Stakeholder process and the recommendations adopted by the SAC 

for permitting strategies and regulatory reform. Part III consists of detailed discussions 

of the sound-science studies and the technical foundations of the Plan. Appendices 

containing detailed hydrologic and geologic data follow Part III. 
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The authority of the Georgia Environmental Protection Division (EPD) to develop and 

implement water development and conservation plans is provided in the Water Quality 

Act (O.C.G.A. 12-5-3 l(h)) and the Groundwater Use Act (O.C.G.A. 12-5-96(e)). This 

Plan sets forth how EPD will conduct management of agricultural water use and 

permitting in the Flint River Basin. The goals of the Plan, as defined by statute, are to 

promote conservation and reuse of water, guard against a shortage of water, promote the 

efficient use of the water resource, manage the water resources of the Flint River Basin 

such that they are used· sustainably, and to be consistent with the public welfare. All 

farm-use permits issued after adoption of this Plan by the Director of EPD must, under 

Georgia law, be consistent with the Plan. 

A. Summarv of technical findings 

The technical findings summarized below are accompanied by page and section 

references from Pa1i III of the Flint River Basin Regional Water Development and 

Conservation Plan. Detailed information, analyses, and discussion may be found at those 

referenced sections. 

l. Timing and volume of agricultural irrigation are extremely variable, and vary 

. based on local rainfall distribution and other weather phenomena, crop type and 

planting date, soil conditions, and growers experience and preferences. However, 

for the Flint River Basin as a Whole, large-scale crop irrigation typically starts in 

April and lasts through September. During that time, inigation usage typically 

reaches a maximum in Jtme, July, or August(Section 5.2). 
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2. Agricultural withdrawals from the Floridan aquifer decrease base flow to streams . 

that are in hydrologic connection with the Floridan aquifer. However, depending 

on the nature of the connection between streams and the aquifer, groundwater 

withdrawals in some parts of the Basin reduce stream flow more than in other 

parts. There are 6 major sub-basins in the Flint River Basin, and these sub-basins 

can be divided into smaller watersheds. In some watersheds, computer models of 

stream-aquifer relations indicate that groundwater withdrawals from the Floridan 

aquifer have almost no effect on stream flow. Elsewhere, groundwater 

withdrawals have a more direct effect and decrease baseflow by a significant 

percentage of the total baseflow reduction in a sub~basin. In other words, 

groundwater withdrawals in some small watersheds account for most of the total 

baseflow reductions for the whole sub-basin. Withdrawals from surface water 

affect stream flow more directly than do groundwater withdrawals (Section 6.1; 

Appendix II) . 

3. Since extensive development of irrigation in the lower Flint.River Basin, drought­

year low flows are reached sooner and are lower than before irrigation became 

widespread. Furthermore, low-flow criteria established by the U.S. Fish and 

Wildlife Service designed to protect aquatic habitats are not met more frequently 

and for longer periods of time since development of irrigation. These data 

provide the clearest evidence that agricultural irrigatron compounds the effect of 

climatic drought on stream flow in the Basin: This effect is magnified during 

droughts, and is minimal during normal to wet years (Section 6.3; Section 7; 

Appendix I). 

4. Of the six sub-basins in the Flint River basin, Spring Creek sub-basin has the 

greatest density of irrigation. It also exhibits a very close connection between the 

Floridan aquifer and surface water. Statistical studies of stream discharge and 

biologicai studies of endangered fresh-water mussels indicate that Spring Creek 
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sub-basin has exceeded its safe yield in terms of farm-use w ithdrawals (Section 

5.2; Section 6.1; Section 7.2) . 

5. A review of historical stream flow data indicate that 7Q10 flow used by EPD to 

set current permit discharge limits in the Flint River basin was based on pre-1970 

data. Since then, extensive development of irrigation, combined with severe 

droughts, has caused post-1970 7Ql0 flows to be lower. This implies that water 

quality standards inay be vio.lated more frequently if point and non-point-source 

lo<\dings are not reduced, or if pe1mitted water withdrawals reduce stream flows 

below quantities necessary to maintain water quality standards (Section 6.3.3; 

Appendix I). 

6. If, under the Rules for Flint River Drought Protection (Chapter 391-3-28) 

in-igation withdrawals are reduced by 20% in those sub-basins with the greatest 

risk of experiencing irrigation-induced low flows, stream discharges thal will 

prevent stream drying and harm to endangered fresh-water mussels will likely be 

sustained (Section 6.3). 

B. EPD permitting _and water resource management actions 

1. Moratorium lifted. 

The permit moratorium on ne.w .. farm-use permits from the Floridan aquifer in: Subarea 4 

is hereby lifted according to permitting actions listed below. For purposes of 

implementing these actions and restrictions, three categories of smaller (HUC-12) 

watersj:leds are identified. These categories are: Capacity Use Areas, Restricted Use 

Areas and Conservation Use Areas (Figs. 0.2-0.5). Existing Jimits and restrictions on 

new withdrawal permits from the Floridan aquifer and surface waters will continue in 

Capacity Use areas after issuance of all Letters of Concurrence for applications in the 

'backlog'. However, Floridan aquifer witb.drawal permits will' be issued if an individual 
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farrri straddles the divide between a Capacity Use Area arid Restricted or Conservation 

Use Area. 
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Figure 0.2. Classification of HUC-12 watersheds in the lower Flint River Basin. 
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(a) Capacity Use Areis: Those watersheds in Spring Creek. sub-basin (Fig. 0.4) in 

which hydro logic models indicate decreased baseflow of more than · 5 cfs in any. · 

month of a drought year, and more than 10 cfs in Ichawaynochaway Creek sub­

basin (0.3), are hereby te~ed Capacity Use Areas, in which irrigation use from 

the Floridan aquifer is at the maximum permittable capacity. In the Lower Flint 

River sub~basin (Fig. 0.5), Capacity Use Areas are defined as those watersheds in 

which baseflow is reduced by more than 30 cfs in any month of a drought year 

(Section 6.1, Appendix II). Capacity Use Areas are shown in red on the 

accompanying map. 

(b) Restricted Use Areas: Those watersheds in Spring Creek sub-basin (Fig. 0.4) in 

which hydrologic models indicate decreased baseflow of 1-5 cfs in any month of 

a drought year, and 1-10 cfs in Ichawaynochaway Creek (Fig. 0.3), are hereby 

termed Restricted Use Areas, in which additional irrigation must be restricted in 

order to prevent the watershed from becoming a Capacity Use Area. In the Lower 

· Flint River sub-basin (Fig. 0.5), Restricted Use Areas are defined as those 

watersheds in which baseflow is reduced by 3-30 cfs (Section 6.1, Appendix II). 

Restricted Use Areas are. shown in yellow on the accompanying map. 

(c) Conservation Use Areas: Those watersheds in the Spring Creek and 

Ichawaynochaway Creek sub-basins (Figs. 0.3-0.4) in which hydrologic models 

indicate decreased baseflow of less than 1 cfs in any month of a drought year, and 

less than 3 cfs in the Lower Flint River sub-basin (Fig. 0 .5; Section 6 .1, Appendix 

II), · are hereby termed Conservation Use Areas. Conservation Use Areas are 

shown in green on the accompanying map. 

The designation of Capacity Use, Restricted Use, and Conservation Use areas is based on 

current understanding of hydrogeology and current irrigation practices in the lower Flint 

River Basin. These designations may change as irrigation patterns and amounts change, 

or as computer modeling of the stream-aquifer relationship improves. 

i 

!. 

GA00185761 



Figure 0.3. Classification ofHUC-12 watersheds in theJchawaynocha".'VaY Creek sub­
basin. 
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Figure 0.4. Classification ofHUC-12 watersheds in the Spring Creek sub-basin. 
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Figure 0.5. Classification ofHUC-12 watersheds in the Lower Flint River sub-basin. 
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2. Sub-basin management. 

The largest scale on which water management and permitting decisions will be based will 

be a sub-basin level corresponding to the USGS HUC-8 designation. Where necessary, 

. and/or where . data are . available, permitting and management decisions will take into 

account site-specific conditions and local stream impacts down to a HUC-12 watershed 

scale. The HUC-8 sub-basins in the Flint River Basin are: 

. A. Upper Flint 

B. Middle Flint 

C. Kinchafoonee-Muckalee Creeks 

D. Lower Flint 

· E. Ichawaynochaway Creek 

F. Spring Creek 

A map of the Flint River Basin showing these sub-basins and smaller (HUC-12) 

watersheds accompanies this document. Permitting decisions in these sub-basins will be 

based on the proposed volume of water to be pumped, surface-water and ground-water 

connections as determined by USGS and EPD groundwater modeling studies, the 

calculated impact of existing withdrawals on stream flows, the calculated impact of each 

proposed withdrawal on, stream flow, and the presence of endangered or threatened 

species in each sub-basin. 

3. Processing the pending (backlog) permits 

The goals of the Plan, combined with the need to protect drought-year flows, will require 

a much more careful evaluation of farm-use permit applications than before the plan was 

initiated. Because of the large number of permit applications (1134) held in abeyance 

since December 1999 (i.e., the 'backlog'), EPD cannot process and issue all letters of 

concurrence or a withdrawal permit before the 2006 April-October growing season. 

After the 'backlog' applications have all been evaluated according to this Plan, applicants 

in the Flint River Basin should expect a much shorter response time of approximately 30 

days. 
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(a) For all groundwater permit applications held in abeyance during the permit 

moratorium which began on December 1, 1999, EPb will evaluate them in the 

following order: 

(1) Groundwater applications for wells in Conservation Use Areas, starting with 

the earliest ones received before October 23, 1999, the date of the announcement 

of the permit moratorium. 

(2) Groundwater applications for wells in Restricted and Capacity Use Areas, 

starting with'the earliest ones received before October 23, 1999, the date of the 

announcement of the permit moratorium. 

(3) All other groundwater applications received after October 23, 1999, the date 

of the announcement of the permit moratorium. 

(b) For surface water permit applications held in abeyance during the permit 

moratorium which began on December 1, 1999, EPD will evaluate them in the 

following order: 

(1) Surface water applicati9ns for wells in Conservation Use Areas, statting with 

the earliest ones received before October 23, 1999, the date of the announcement 

of the permit moratorium. 

(2) Surface water applications for wells in Restricted and Capacity Use Areas, 

starting with the earliest ones received before October 23, 1999, the date of the 

announcement of the permit moratorium. 

(3) All other surface water applications received after October 23, 1999, the date 

of the announcement of the permit moratoriuni. 
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. 4. Requirements for pending & new farm permit applications 

EPD received more than 1500 permit applications after the Plan was announced on 

October 23, 1999. 'This was approximately 5 times the normal rate of application 

submission, suggesting that many post-October 23 applications were duplicates of 

existing applications or permits, or speculative ~pplications. Subsequent inquiries by 

EPD have shown thls to be true for many applications. 

(a) For all permit applications, EPD wil I require proof of ownership or a lease before 

a letter of concurrence is issued to the applicant. EPD will also require accurate 

latitude/longitude coordinates of a proposed well or surface-water pump .location to 

be included on the permit application. This data will be used to determine whether 

the proposed well will impact adjacent users, nearby springs, or streams. 

(b) All farm-use permit applicants who have not yet received a permit must 

demonstrate a need for a farm-use permit as defined by the Water Quality Act 

(O.C.G.A. 12-5-31 (b)(3)) and the Groundwater Use Act (O.C.G.A. 12-5-92 (5.1)). 

5. Application Evaluation Procedures 

In considering new and existiilg applications for both ground-water and surface-wate,r 

withdrawals, EPD will evaluate the effect of the proposed water use on ex.isting users and 

stream flow, and issue the new permit in such a way that the new permit will not 

adversely impact stream flow or the water available to existing users. Maps of the 

watersheds and sub-basins described below accompany this document. Specific 

permitting strategies are; 

(a) All Floridan aquifer irrigation well permits will be evaluated to determine the 

calculated radius of influence of a proposed well and its relationship to the radii of 

influence of nearby Floridan aquifer wells on adjacent property. This evaluation may 

result in EPD issuing a permit for less than the applicant requested; requiring the 

applicant to use a different aquifer than requested; requiring the applicant to drill irt a 
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different location to avoid overlapping radii of influence or unacceptable impacts on 

an adjacent stream or surface-water withdrawal point. 

(1) EPD will no longer issue permits for proposed Floridan aquifer irrigation 

wells that are within 0.25 miles of another user's well, unless hycb:ogeologic 

evaluation indicates that the proposed well would not cause or contribute to 

excessive drawdown in the other user's well. Excessive drawdown can be 

defined as that which would lower the static, non-pumping water level in an 

existing well by more than 5% of the intake depth recorded in EPD's permit 

database. For example, if the pump intake for an existing irrigation well .is at a 

depth of l 00 feet below ground surface, calculated drawdown from a new well 

could not the lower water level by more than S ft in the existing well. If 

hydroge·ologic evaluation indicates excessive drawdown, the location of the 

proposed well may need to be changed, an alternative aquifer may need to be 

used, or the: permitted pump capacity decreased, for the well to be permitted. 

(b) Regardless of their location, all proposed Floridan aquifer wells will be evaluated 

for their impact on nearby streams and springs, Proposed irrigation wells that would 

draw from the Floridan aquifer within 0.5 miles of an in-channel spring or stream 

which exhibits a demonstrable connection with the Floridan aquifer will not be 

permitted ifhydrogeologic evaluation indicates that, for the stream reach closest to 

the proposed well, the well would lower the Floridan aquifer water level to below the 

average stream stage or decrease the discharge of the spring. Streams to which this 

action applies are identified in Part ID of the Plan. 

6. Conservation provisions foF farm permits 

Irrigation water conservation measures are encouraged for aU existing farm permittees. 

For new or modified permits issued after January l, 2006 conservation measures will be a 

condition of the permits. 
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(a) In th~~e watersheds termed Capacity Use Areas, all permits issued or modified 

after March 1, 2006 for irrigation_ systems suppHed by wells withdrawing from the 

Floridan aquifer or any surface water will be required to: 1) have end-gun shut off 

switches installed to prevent irrigation of non-cropped areas by center pivot 

systems, 2) be maintained to prevent and repair leaks, 3) have pump-safety 

shutdown systems installed on center-pivot systems that will stop water delivery 

in the event of an irrigation · system malfunction; 4) have rain-gage shut-off 

switches for traveler, solid set, or drip irrigation systems. 

(b) In those watersheds termed Restricted Use Areas, all pennits issued or modified 

after March 1, 2006 for irrigation systems supplied by wells withdrawing from the 

Floridan aquifer or any surface water will be required to: 1) have end~gun shut off 

switches installed to prevent irrigation of non-cropped areas by center pivot 

systems, 2) be maintained to prevent and repair leaks; 3) have pump-safety 

shutdown systems installed on center-pivot systems that will stop water delivery 

in the event of an .irrigation system malfunction; 4) have rain-gage shut-off 

· switches for traveler, solid set, or drip irrigation systems. 

(c) In those watersheds termed Conservation Use Areas, all irrigation systems 

supplied by newly permitted wells drawing from · the Floridan aquifer or any 

surface water will require end-gun shut off switches to prevent ii~igation of non- • 

cropped areas, and maintenance to prevent and repair leaks. 

(d) Those sub-basins for which no detailed hydrologic modeling has yet been 

completed; specifically, Middle Flint and Kinchafoonee-Muckalee Creek Sub-

. basins, are termed Conservation Use Areas. All newly permitted wells drawing 

from the Floridan aquifer or any surface water will require, as a condition of the 

permit, end-gun shut off switches such that non-cropped areas are not watered, 

and maintenance to prevent and repair leaks. All proposed Floridan wells will be 

evaluated for their impact on existing nearby wells, streams, and springs. 

GA00185769 



35 

( e) EPD will conduct random site inspections to ensure that all new permittees are 

following their required conservation . plans. In the event that a required 
. . 

conservation plan is not being followed, the permittee will be issued a notice of 

violation requiring correction of the problem and compliance with the 

conservation plan in such a way that irrigation during a growing season is not 

interrupted. However, the violator will have his or her permit suspended if the 

_ problem is not corrected before the next growing season. 

7. Drought season provisions for farm permits 

Although low-flow protection plans will be used to protect flow in Spring Creek and 

Ichawaynochaway sub-basins, all permittees are encouraged to adopt conservation 

measures to assure that flow, and hence irrigation, continue as _long .as possible into 

drought seasons: Innovative new technologies or appropriate existing technologies 

adopted from other regions, particularly arid or _ drought-prone regions, will also be 

considered when they show potential to reduce seasonal water withdrawal amounts. 

(a) For all newly issued surface water withdrawal permits in Spring Creek and 

Ichawaynochaway sub-basins, low-flow protection plans will be a stand_ard permit 

condition. These plans will require a complete cessation of irrigation from the newly 

permitted source when discharge at the withdrawal location falls below 25% of the 

average annual discharge as calculated at that point based on the period of record for 

the nearest downstream continuous flow · gauge, plus a prorated portion of the 

permitted amount of downstream users. Permittees subject to this requirement will be 

notified by EPD via e-mail and phone call wheri. irrigation from the newly permitted 

source must stop; however, permittees are required to abide all permit conditions 

regardless of whether or not they have been contacted by EPD. During times of 

drought, EPD will be conducting regular inspections to ensure compliance with all 

low-flow protection plans. 

8. Public Notice 

j 
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Because all new withdrawals may potentially affect other water users in the basin, and 

because it is in the public's interest that B PD act expeditiously on farm-use permit 

applications, EPD will publicize via the Internet the name of current and new farm-use 

permit applicants, the location of their proposed withdrawal ( county, latitude/longitude, 

stream name), proposed pump capacity, date of application, and the date a letter of 

concurrence was issued. No other information will be provided, such as address, phone 

number, or acreage to be irrigated. Posted information will be available on El>D's web 

page at http://www.iraepd.org/Documents/index water wrb.html. Upon issuance of a 

farm-use permit, the applicant's name and all infonnation associated with the application 

will be removed from publication. 

9. Revocation of dnplicat~ or unactivated permits 

All existing permits known to be duplicate permits will be revoked by EPD. AJI existing 

permits for which initial use of water has not commenced will be considered null and 

void, and revoked. Upon r~vocation of a permit, the permittee will have 30 days to 

appeal the revocation, and will be required to provide proof that the permit was being 

used for farm use prior to the date of issuance of the notice of revocation. If the permit 

was in use at the time of the notice of revocation, the permittee may oontinue to irrigate 

during the appeal process. 

10. Conservation and Development Plan revisions 

The Flint River Regional Water Development and Conservation Plan will be re-evaluated 

every 3 years based on new scientific information -such as groundwater models or model 

results, observed impacts on endangered species in the lower Flint River Basin, observed 

in1pacts Oll other threatened species in the lower Flint River basin to ensure that no more 

species become endal.lgered, regional economic impact of the cw-rent version of the Plan, 

and other criteria as determined by scientists and stakeholders in the Flint River Basin. 

J 
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PART II: STAKEHOLDER PROCESS AND RECOMMENDATIONS 
FOR REGULATION OF AGRICULTURAL WATER 

WITHDRAWALS 

SECTION 1: BACKGROUND AND FRAlvlEWORK 

1.1 Explanation and justification for the Flint Basin Plan 

The Flint River Basin (Fig. O.l) is one of 14 major river basins i.n Georgia. Water use in 

the Flint River Basin (FRB) is dominated by agricultural irrigation, although 

municipalities and industry use more than l 0% of the water withdrawn. Because 

agricultural irrigation uses the largest volume of water in the FRB, this report and its 

recommendations will focus on irrigation and farm-use withdrawal permits. The report 

summarizes the most recent and comprehensive scientific studies available on water use 

and hydrogeology in the FRB, evaluates the impacts of water use on the stream-aquifer 

system and stream ecology of the lower FRB, and makes stakeholder-developed 

recommendations for water resource management and farm-use irrigation permitting. 

The two-part recommendations are fo~ management under existing statute, and 

recommendations for management that require statutory and regulatory reform. These 

recommendations are submitted for the consideration of the Director to be incorporated 

into the FRB Water Development and Conservation Plan. 

The FRB Water Development and Conservation Plan, hereafter referred to as "the Plan", 

was announced on October 23, 1999, by the Director of the Georgia EPD. The Plan w~s 

initiated in response to several factors: 1) a drought that began in summer of 1998; 2) an 

increasing number of farm-use permit applications from southwest Georgia; and 3) 

hydrogeologic studies performed by the U.S. Geological Survey (USGS) that predicted a 

severe impact on the Flint River and some of its tributaries under conditions of drought 

and increased irrigation withdrawals from the Floridan aquifer (Torak and McDowell, 

1996). These studies, when combined with surface-water flow models used by EPD, 

suggested that parts of the Flint River could cease flowing for brief periods of time 

L 
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during severe droughts. In order to prevent this, the Director announced the Plan under 

the authority . of the statutes that regulate water withdrawal permitting in Georgia: the 

Water Quality Act and the Ground-water Use Act. Specifically, the Water Quality Act 

states: 

. "In evaluating any application for a permit for the use of water for a period 

of25 years or more, the director shall evaluate the condition [i.e. quantity] 

of the water supply to assure that the supply is adequate to meet the 

multiple needs of the citizens of the state as can reasonably be projected 

for the term of the permit and ensure that the issuance of such permit is 

based upon a water development and conservation plan for the 

applicant or for the region. Such water development and conservation 

plan for the applicant or for the region shall promote the conservation and 

reuse of water within the state, guard against a shortage of water within 

the state, promote the efficient use of the water resource, and be consistent 

with the public welfare of the state." (Qfficial Q)de of Qeorgia Annotated 

12-5-31 (h)). 

Similar language is found in the Ground-water Use Act: 

(e) The division or a party designated by the division may develop a 

regional water development and conservation plan for the state's major 

aquifers or any portion thereof. Such plan shall include wat~r 

development, conservation, and sustainable use and shall be based on 

detailed scientific analysis of the aquifer, the projected future condition of 

the aquifer, and current demand and estimated future demands on the 

aquifer: Upon adoption of a regional plan, all permits issued by the 

division shall be consistent with such plan. The term of any permit and all 

provisions of any permit for which an application for renewal is made 

prior to the completion of any regional plan shall be extended at least until 

the completion of such plan. (OCGA 12-5-96(e)). 
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These statutes state that any permit issued for more than 25 years, such as farm-use 

permits, must be in accordance . with a regional development and conservation plan, 

which EPD is authorized to initiate. Initiation of such a plan allows EPD to suspend 

issuance of permits until plan completion, after which all permits must be consistent with 

the plan. Thus, as part of the FRB Flint, and because agricultural water use is by far the 

largest use category in the FRB, the Director announced that EPD would not process 

farm-use pennit applications for Floridan aquifer withdrawals in Subarea 4 and for 

smfaoe-water withdrawals in the entire FRB after November 31, 1999. This moratorium 

would remain in place until the FRB Plan is adopted by EPD. 

1.2 Agricultural permit and permit application trends 

With the exception of the period 1988-91, the number less than 200 applications for farm 

use permits have been received annually by EPD for all regions of the State. During 

f988-91, the early years of the permitting process ,more than 15,000 pennit applications 

were received by EPD (Fig . 1.1). The vast majority of these permits were issued by 

1992. The rate of application submittal rapidly declined until 1999 when the pending 

permit moratorium was announced (Fig. 1.2). 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

o. 

Statewide Permitting 
Trends '88-'02 

1988 1990 1992 1994 1996 1998 2000 2002 

Figure 1.1: Statewide Permitting Trends 1988-2002 (REF) 
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In early 1999, increased° public concern over irrigation use in southwest Georgia, 

combined with the worsenin~ drought, caused a gradual increase in the rate at which 

permit applications were submitted. In October 1999, it was announced that applications 

received after November 31, 1999, would not be reviewed until after themoratoritm1 was 

lifted. This caused a drastic jump in the number of applications submitted, such that 

more than 1,500 were submitted during November 1999 (Fig. 1.3). 
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Beginning in February 2000, DNR staff attempted to locate all un-permitted irrigation 

wells for which perm.it applications had been submitted. This work was mostly 

completed by November 1, iooo, by which time more than 800 irrigation wells and 100 

surface-water pumps had been located and permitted. Applications for the remaining 

("backlogged") proposed wells and surface-water pumps (Table 1. 1) are filed with the 

EPD Agricultural Permitting Unit, and will not be processed until adoption of the Plan. 

Acreage associated with permit application backlog 

well to pond 
gw·acres using surface-water well to pond acres using 

Sub-basin Uooer Floridan irr acres acres Upper Floridan 
Lower Flint 18506 1308 
lchawavnochawav Ck. 64TT 10040 
Sprinq Creek 14197 2708 350 200 

Kinchafoonee-
Muckalee creeks 5138 7732 
Middle Flint 19949 8701 785 128 
Total Flint 64267 30489 1135 328 

Table 1.1: Backlog acreage 

1.3 Conservation. development. and ecologic sustainability 

An important aspect of this Plan is to consider the economic impact of any actions tbat 

would affect agricultural irrigation. Agriculture in Georgia is a $9.9 billion industry, and 

$1.9 billion of that is derived from agriculture in southwest Georgia (McKissick, 2004a). 

However, although the success of Georgia farmers .is dependent on a sustainable supply 

of water for irrigation, unlimited use of our water resources could result in a decline of 

fanni,ng in southwest Georgia due to degradation of the resource. Conversely, the FRB is 

ecologically significant due to its unique geology, long stretches of unimpeded Oow, and 

threatened or federally protected and endangered aquatic species. Water use in southwest 

Georgia cannot occur at a level that would destroy or irreparably barm the ecological 

health and diversity of the FRB. 
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A balance must thus be struck between acceptable water use that allows for robust 

economic activity and strong communities, and acceptable conservation that maintains 

the aquatic health of the water resources. This balance can be e:-..'Pressed as a range of 

conditions that would exist between total conservation and total exploitation: 

1 . 2 3 

0 C D 00 

KEY: 

0 = Pre-development; no artificial withdrawals from stream-aquifer system. 
C = Max.ini.um allowable conservation: Economic use of resmu·ce is entering optimal 
phase, perhaps because of farm and business synergies, but ecological impacts may begin 
to be noticed. Risks of low flows or competition among water users are beginning, 
probably noticeable in drought years or in selected locations in the basin. 
D = Mrurimurn allowable development: Ecological impacts become intolerable (illegal). 
No further gains in economics from water development are possible because declines in 
regional revenues would occur from low flows in streams or low water tables; i.e., 
businesses and other economic interests would avoid the region; competition among 
nsers becomes intolerable (illegal because some users are denied the right of reasonable 
use); or flows could not meet federally imposed state-line or other limits. 

00 = Complete development, no water or land available; ecological impacts severe and 
irreversible. 

:--:-:;--: --__--- - ---
. - - -- - ·- - - - . 
_,.. ~ .-· : : :-;-·•-•~ 

Shaded area represents acceptable working range of conditions in 
which conservatipn and development -ate reasonably balanced . 
Economically and ecologically, permitting cannot create a situation 
outside of this area. 

l = Potential existing situation where more permitting can occur; practical level of 
conservation not yet reached 
2 = Potential existing [ optimal] sitllation where conservation and development are 
balanced 
3 = Potential existing situation where permitting has exceeded resource limits 
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Figure 1.3: "Decision line" displaying the range of management options in the FRB 

1.3. I Factors affecting maximum possible development 

Maximizing withdrawals for economic. purposes may have a number of legal restraints 

that could impose an upper limit on resource development: These factors include: 
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L The Federal Endangered Species Act (ESA): The FRB is home to five species of 

endangered :freshwater mussels. Certain provisions of the ESA could result in · 

legal penalties against Georgia should permitted withdrawals cause extirpation or 

extinction of those mussel species. Iri addition, lawsuits from . environmental 
. . • . 

groups could precipitate court action against Georgia and pern:iitted .water users. 

2. The Federal Clean Water Act Waters of the State in Georgia must be "fishable" 

and ''swimable", implying that a certain level of chemical and ecological health is 

required by law. This not only applies to wastewater discharges and non-point 

source pollution in the FRB, but to ensuring that there is sufficient stream flow to 

assimilate . wastewater discharges and to maintain mininmm water quality 

standards. 

3. Georgia is a "regulated riparian*" state, which provides property o'wn_ers with 

"reasonable use" of the waters flowing on, past, or under their property. 

However, . Georgia • laws also demand that all potential users be guaranteed that 

use, meaning that a resource cannot be so ov~~-allocated that legitimate, potential 

users (such as new farmers) do not have sufficient water for their needs. 
. . . 

4. The State must consider "injury to public health, safety, or welfare which would 

result if ... [aquifer] impairment were not prevented or abated', and the extent of 

any injury or detrrm;nt caused or expected to be caused to other water users; 

including public use" (O.C.G.A. 12-5-96). Thus, a maximum level of water 

withdrawals that caused injury or detriment would expose Georgia and existing 

users to legal action from the affected parties. this could include homeowners, 

l 
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farmers, mtmicipalities, recreational outfitters, or anyone adversely affected by 

excessively lowered ground-water or surface-water levels. 

1.3.2 Factors limiting maximum conservation 

Similar to scenarios of maximum development, there are limiting factors that would 

prevent, or at least argue against, complete conservation with little to no use of the water 

resources. These include: 

1. The economic vitality of southwest Georgia communities is closely tied to the 

availability of water for irrigation. Those counties with the highest farm gate 

values and land prices are those where irrigation water is inexpensive and 

abundant. Those counties of the FRB with the lowest fann gate values are 

typically those that do not have abundant and ine,._-pensive ground-water 

resources. Denying or severely limiting access to water for farm use would have 

a devastating ecot_1omic impact on the entire region. 

2. Georgia is a major agricultural producer in the nation and world. Most Georgia 

agriculture is in the Coastal Plain, south of the fall line, where water is abundant. 

Georgia's ability to compete in agricultural markets of all scales wo-µld be 
1severe1y affected if access to water were limited. Thjs applies to in-state 

production as well, as producers in parts of south Georgia with no restrictions on 

water use would quickly out-produce FRB producers. 

3. Crop patterns are driven by markets and subsidy structures. In southwest 

Georgia, the principal crops are cotton, com, and peanuts. However, changing 

market trends are favoring an increase in vegetable and green industry production 

that require more water per acre than the more common crops. 

4. The availability of water for irrigation is a fincmcial consideration in determining 

property values, loan rates, profit . margins, and other measures of economic 

secudty for farmers and their communities. 

5. Georgia's legal structure provides for the reasonable use of the State's water 

resources through an EPD-managed riparian system. Denying, severely limiting, 

• 're.lffll tbat 1rc defmed in the Glo»M)' a:ppear in bold face lhefirst timt! they are wed 
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or reducing water use in southwest Georgia would require substantial legislative 

changes to Georgia's legal codes. This includes 'grandfathered' farm use permits, 

whose access to reasonable use have few restrictions on the amount of water that 

can be legally used. Denying the reasona,ble use of water to any eligible user 

would be a violation of State law, and be grounds for legal action against the State .· 

(or more likely, EPD) . 

1.4 The Flint River Drought Protection Act 

In response to the drought conditions of 1999-2000, the Georgia General Assembly 

created and passed into law the Flint River Drought Protection Act (O.C.G.A. 12-5-540). 

This Act created a program providing financial incentives to ensure that certain irrigated 

agricultural lands in the lower FRB are temporarily not irrigated during times of declared 

severe drought, thus protecting stream flow and aquatic species in the basin (391-3-28-

.01). 

The Flint River Drought Protection Act, and the Rules for the Flint River Drought 

Protection (391-2-28), developed a voluntary auction process by which permitted 

surface-water irrigators would be paid on a per-acre basis to not irrigate land covered by 

a specific surface-water permit during the entire calendar year after the "drought 

protection auction". Funds for this auction were provided by the Georgia Environmental 

Facilities Authority and were taken from the "One Georgia" fund: 

Eligible auction participants were those with permitted farm-use surface-water 
. . . . 

withdrawals on perennial · streams anywhere in the FRB. Because of the uncertainties 

surrounding the effects of ground-water withdrawals · on stream flow, . ground-water 

permittees were not eligible for participation. 

A drought protection auction would be initiated only if the Director of EPD issued a 
. . 

severe drought declaration. On or before March 1 of each year, the Director must issue a 

prediction as to whether severe drought conditions are expected during that calendar year. 
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If ground-water and surface-water levels are below a critical threshold and climate 

predictions .indicate an impending drought, then the Di.rector makes a severe drought 

declaration. An auction must be completed before March 22 of that year. 

To participate in the drought protection auction, eligible permittees must have an auction 

certificate that verifies the permit number and the acres irrigated by that permitted 

withdrawal. EPD must verify both the permit and its associated acreage. EPD must also 

determine the amount of irrigated acreage to be removed from irrigation, based on an 

acceptable flow to be maintained in the _Flint River or targeted stream basin during the 

c,:lrought year. The Director of EPD shall determine the auction process by which 

irrigators offer to voluntarily retire their inigated ac.reage in return for payment. (391-2-

28). 

To date, there have been two drought protection auctions: in 2001 and 2002. The first 

auction in 2001 proceeded by an iterative and interactive process by '.'{hicb patticipants 

submitted blind bids for a per acre price that they wanted in order to suspend irrigation. 

A linked computer network installed at auction stations through~ut the lower FRB 

accomplished this. Auction participants submitted sealed bids, which were entered into 

the computer network and tabulated on a central computer in Atlanta. The Director of 

EPD was able to monitor the incoming bids, and either accepted or rejected bids based on 

the total cost of all bids presented. Partici_pants whose bids were rejected could re-submit 

bids during subsequent rom1ds until tbe Director had accepted enough bids to remove the 

targeted amount of acreage from iJTigation. 

This auction process was very inefficient. Bids submitted over five auction rounds 

ranged from $75/•800/acre, but the hjghest bids were rejected. The average accepted bid 

was $135/acre. More than 33,000 acres were taken out of irrigation for a total cost of 

approximately $4.5 million. 

In 2002, a second auction was held due to continuation of the drought. To maximize 

efficiency and still remove enough acres from irrigation, the Director annotmced that 
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EPD would not accept bids above $150/acre, but that all bids below that would be 

accepted up to the point where sufficient acreage was taken out of irrigation. In the sole 

auction round, bids ranged from $74-145/acre. The average bid was $128/acre. In this 

auction, more than 41,000 acres were removed from irrigation at a cost of $5 .3 mm ion. 

Both auctions had problems and inconsistencies. Eligibility requirements for the first 

auction stipulated only tl1at a pa11icipant have a surface-water permit with no requirement 

of recent use. Consequently, a significant number of participants were paid for very 

marginal or long-fallow land, or for land that is not typically irrigated (e.g. trees). This 

loophole was closed for the second auction such that only those permit holders who had 

irrigated in the previous three years could participate. However, both auctions failed to 

remove the highest water use cropland from irrigation. This probably reflects the low 

cost per acre of accepted bids, and their inability to compensate for loss of a high-value 

crop. Regardless of the auctions shortcomings, .other states such as Washington, Kansas, 

and Nebraska are either considering or enacting drought auctions similar to Georgia's. 

SECTION 2: RECOMMENDED WATER RESOURCE MANAGEMENT AND 
PERMITTING STRATEGIES FOR THE FLINT RIVER BASIN 

2.1 General Plan goals 

As de~ ned in Georgia statutes, water development and conservation plans shall: 

111 promote the development, conservation, reuse, and sustainable use of water 

within the state; 

e guard against a shortage of water within the state; 

" promote the efficient use of the water resource; 

i:i be consistent with the public welfare of the state; 

o be based on detailed scientific analysis of the aquifer, the projected future 

condition of the aquifer, and current demand and estimated future demands on 

the aquifer. 
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Upon adoption of a regional plan, all permits issued by the division shall be consistent 

with such plan. 

2.2 Stakeholder Advisory Committee 

The Flint River Basin Regional Water Developm,ent and Conservation Plan was 

developed in two parts: the legal and technical background upon which policy 

recommendations could be made, and a set of policy recommendations consensually 

developed by a stakeholder advisory committee (SAC). The Flint River SAC was 

developed by EPD in the fall of 2004 with the goal of having qualified representatives of 

the following major groups: 

•Farmers and agribusiness representatives 
•Southwest Georgia Water Task Force 
•Flint River Regional Water Council 
•Local elected officials 
• Utilities, municipal authorities 
•Sportsmeni anglers, boaters 
•Georgia Conservancy, League of Conservation Voters, etc. 

To this end, EPD was successful in developing a broadly based Committee representing 

most of these major constituencies. The FRB Stakeholder Advisory Committee SAC held 

their first meeting in Albany, GA on September 12, 2004. The Committee is comprised 

of the following southwest Georgja stakeholders: 

Mr. James Lee Adams, farmer and developer, Mitchell County 
Mr. Lucius Adkins, farmer, Baker County 
Mr. Dan Bollinger, Director, Southwest Georgia RDC 
Mr. John Bridges, farmer, Decatur County 
Mr. Charles (Chop) Evans, farmer, Macon County 
Mr. Thomas C. Chatmon, Jr., CEO Albany Tomon-ow, Inc. 
Mr. Vince Falcione, Proctor and Gamble, Albany 
Mr. Tommy Gregors, Georgia Wildlife Federation, Albany 
Mr. Hal Haddock, Fanner, Miller County 
Mr. Chris Hobby, City Manager, Bainbridge 
Mr. Bubba Johnson, Farmer, Mitchell County 
Mr. John Leach III, Developer, Lee County 
Ms. Janet Sheldon, Georgia Conservancy 
Mr. Mike Newberry, Farmer, Calhoun County 
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Mr.Kim Rentz, Farmer, Decatur County . ·. . . 
· Mr. Steve Singletary, Farmer and GSWCC Commissioner 
Mr. Ma~cus Waters, Crisp County Power; Cordele 
Mr. Jimmy Webb, Sunbelt Expo 2005 Farmer of the Year 
Mr. Joe Williams, Farm owner, Crisp County 
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The roles of the SAC were to: 1) help craft a Plan for water withdrawal in the FRB that 

takes conservation and economic development into consideration; 2) deliver concrete 

recommendations, reached by consensus, that would best ina1:age the water resources of 

the FRB · under existing . statutes and regulations; 3) deliver recommendations, also 

reached by consensus, for regulatory and statutory reforms that would fulfill the broader 

goals of a regional development and conservation plan. 

. . . 
. . . ' . . . . . 

A central aspect of the Plan is the current moratorium on farm-use permits m the FRB. 

The immediate goal of the· Plan is to develop water management strategies that would 
. . . 

allow the Director of EPD to l.ift the moratorium while protecting the resource during 
. . . . 

droughts. However, the FRB Plan will necessarily be a significant part of the developing 

Statewide Water Plan, and in many ways will be a model for it. Specifically, the FRB 

Plan illustrates the importance of long-term stakeholder development, the need for a 

. transparent stakeholder . involvement process, and · the ·. importance of comprehensive 
. . . . . . 

scientific studies upon which to base water management sti'ategies. 

Agricultural production is the biggest category of water use in the FRB. Agriculture is 

the . economic engine of southwest Georgia, and water · is the basis of successful 

agriculture. For this reason approximately half of the SAC members are · farmers. 
. . .. . . . 

Because the most immediate aspect of the Plan was the permit moratorium, and because 
. .. 

agricult~re will continue to be the biggest water user for the foreseeable future, most of 

the SAC's focus was on agricultural water use, management, and regulation . . 

2.3 Technical Advisory Committee 
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To assist the SAC in understanding the complex scientific issues involved in 

development of the Plan, a Technical Advisory Committee (TAC) was created by EPD in 

mid-2004. Experts were selected who were · specialists in their field and who were 

famili~ with the geological, bio-ecological, agricultural, and economic issues specific to 

southwest Georgia. The TAC consisted of the following individuals: 

Dr. Steve Golladay, J.W. Jones Ecological Research Center, Baker County 
Mr. Mike Harris, DNR Wildlife Resources Division, Non-Game Section, Social Circle 
Mr. Kerry Harrison, Cooperative Extension Service, Tifton · 
Mr. Woody Hicks, J.W. Jones Ecological Research Center, Baker County 
Dr. James Hook, University of Georgia/NESP AL, Tifton 
Dr. Mark Masters, Director, Flint River Planning and Policy Center,, Albany 
Mr. Rob Weller, DNR Wildlife Resources Division, Fisheries Section, Albany 
Mr. Joe Williams, Farm owner, Crisp County 
Mr. Rad Yeager, Superintendent, Stripling Irrigation Research Park, Camilla 

Throughout the development of the Plan, the TAC provided scientific and analytical 

perspectives in review of the Plan and of EPD's models and conclusions. When called 

upon they provided independent data and analysis · to EPD. They also prepared and 

presented information on . the · stream hydrology, hydrogeology, ecology, water use 

patterns and economy of the region to EPD and the SAC. However, their participation in 

the planning process should not be construed as an endorsement of the FRBP by the . 

individual TAC . members or by the institutions they represent. · The TAC met 

approximately every month between SAC meetings, in order to address questions raised 

by · the SAC at previous meetings and to discuss the on-going studies that were 

incorporated into this report. 

2.4 Guiding principles of the Stakeholder Advisory Committee 

The SAC consistently expressed a number of consensus opinions, which guided their 

deliberations and discussions of permitting and water management . strategies. These 

opinions are listed and described below. Some relate to managing the water resources of 

the FRB under existing regulations, while others were expressions of how the Basin 

should be managed. 
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1. The lifting of the permit moratorium may niean that future water users may 

adversely impact existing users. Therefore, future permitting should be done such 

that existing users are protected. 

2. Secure access to irrigation water is critical to the viability of a farm. Banks . are 

reluctant to provide affordable financing if the availability of irrigation is 

· unpredictable. Permitting strategies should not allow a reliable, predictable, and 

permitted water source to be interrupted. 

3. Farmers in Georgia are currently practicing some of the most effective water 

conservation measures available. The steadily rising price of operating an . 

irrigation system makes wasting water economically impractical. Further 

conservation, mandatory or otherwise, should be economically feasible to the 

farmer, and should convey positive conservation messages about Georgia farmers. 

4. A number of other States, such as Florida, Texas, Kansas, and Nebraska manage 

water through regional water management districts. The structure of these varies, 

as does the level of regulatory authority, but the general concept of decentralized 

and local water management should be a future consideration for Georgia. 

2.5 Conclusions about "safe yield" 

As described in Sections 5 and 6 of this report, the combination of the USGS ground­

water model, HSPF stream models, historical stream flow, and simulated future stream 

flow scenarios compared to Federal in-stream flow guidelines demonstrated that . the 

amount of water currently withdrawn for agricultural irrigation in drought years increases 

both the magnitude and duration of low flows in streams of the FRB, thus further 

harming endangered species and potentially limiting the amount of water available for all 

users. This is especially true in Spring Creek and Ichawaynochaway Creek sub-basins. • 

Expanded drought-year irrigation will worsen this situation; reducel irrigation will 

improve it. In normal to wet years, the impact of irrigation on stream flow and aquifer 
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. . . 

levels is insufficient to jeopardize the availability of water for all users, or to jeopardize 

stream ecology. Therefore, some parts of the lower FRB have already reached their 

. drought-year "safe yield". If more withdrawal permits are issued for the lower FRB, 

more aggressive drought-year management strategies will have to be employed, .mostly 

(if not exclusively) in those parts of the Basin closest to their safe yield. 

2.6 EPD regulatory limits 

As the permitting agency for farm water use in Georgia, EPD must meet the following 

current statutory requirements, described in more detail in Section I of this report: 

I. All legitimate requests for farm use permits must be granted in the FRB once the 

Plan is adopted. 

2. · The permit moratorium must be lifted upon completion of the Plan. 

3; EPD may issue permits for less than the amount requested by the permit 

applicant. 

4. In issuing new permits, EPD may decrease the permitted withdrawal amounts of 

all other permitted users including "grandfathered" permits. 

5. EPD may initiate provisions of the Flint River Drought Protection Act during 

severe drought years in an effort to maintain critical stream flow. 

6. EPD cannot revoke permits for non-use once initial use has commenced. 

In this context, and after having been exposed over. a period of months to the ground- and 

surface-water models and their conclusions, the SAC evaluated the existing permitting 

procedures, for both ground • and surface-water permits, with the goal of making 

consensus recommendations as to how farm-use permitting could resume while 

protecting existing users and the resource. The results of the SAC discussions, begun at 

the August 12, 2005, meeting and concluded at the Novemberl4, 2005, meeting, are 

presented here. 

2.8 Consensus recommendations for permitting strategies 
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1: The largest scale on which water management and permitting decisions should be 

based should be a sub-basin level corresponding to the USGS HUC-8 designation. In the 

FRB these are: 

G. Upper Flint 

. H. Middle Flint 

I. Kinchafoonee-Muckalee Creeks 

J. Lower Flirit 

K. Ichawaynochaway Creek 

L.. Spring Creek 

Permitting decisions in thes.e sub-basins will take into account the · water use 

characteristics, hydrology, geology, surface-water and ground-water interactions, and the 

ecology unique to each sub-basin. Where necessary, and where data are available, 

permitting and management decisions should also take into account site-specific 

conditions and local stream impacts down to a HOC-12 scale. 

2. In considering riew and existing applications both ground-water and surface-water, the 

goal ofEPD will be to evaluate the effect of the proposed water use on existing users, and 

issue the new permit in such a way that the new permit will not adversely impact the 

water available to existing users. This evaluation may result in EPD issuing a permit for 

less than the applicant requested; requiring the applicant to use a different aquifer than 

requested; requiring the applicant to drill in a different location to avoid causing 

drawdown in an existing permitted well or unacceptable impacts on an adjacent stream or 

surface-water withdrawal point; and imposing more stringent low-flow protection 

requirements on surface-water users than are currently recommended (such as protecting 

a flow higher than 7Q10 or other appropriate tabulations of low flow characteristics.) 

Because of the variable characteristics of the Floridan aquifer, there may be parts ~f the 

FRB in which ground-water with.drawals have no significant impact on nearby users or 
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on stream flow. In these areas, permits should be issued as requested by the applicant as 

long as all other requirements are met (such as proof of ownership, conservation 

measures, etc.). 

3. Newly issued permits in the FRB (i.e. those issued after January 1, 2006 regardless of 

when an application was submitted) will require an economically feasible, state-of-the-art 

conservation plan that reduces the volume of water withdrawn, used, or applied as a 

condition of the permit. Such plans may include end-gun shut off switches, rain-gauge 

shut-off systems, and leak repair. Applicants and EPD . shall refer to conservation 

measures recommended by the University of Georgia . Cooperative Extension Service or 

the Georgia Soil and Water Conservation Commission. 

In the event that a required conservation plan is not being followed, the permittee will be 

issued a notice of violation requiring correction of the problem and compliance with the 

conservation plan in such a way that irrigation during a growing season is not interrupted. 

However, the violator will have his or her permit suspended if the problem is not 

· corrected before the next growing season. 

4. If irrigation is decreased during a drought year by 20% of current use in 

Ichawaynochaway Creek and lower Flint River sub-basins, critical low-flow criteria will 

be met. If irrigation is decreased during a drought year in the Spring Creek sub-basin by 

20%, it is assumed this will have a beneficial affect on water levels and stream ecology 

even though critical low-flow criteria may not be met. This will require application of the 

Flint River Drought Protection Act in such a way that enough irrigated acreage is 

temporarily converted. to dry-land acreage, which can be done either through the 

voluntary auction process or non-voluntary irrigation suspension with compensation as 

defined by State law. 

5. For new permit applications, EPD will require proof of ownership or a lease before a: 
letter of concurrence is issued to the applicant. EPD will also require accurate 
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latitudinal/longitudinal, coordinates of a proposed well or surface-water pump iocation to 

be included on the permit application. 

6. · All existing permits known to be duplicate permits will be revoked by EPJ?. All 

existing permits for which initial use of water has not commenced will be considered null 

and void, and revoked. 

2.9 Stakeholder recommendatio~s fo~ regulatory ~nd statutory reform · 

. . . 
. . . . . . . 
. . . . 

. In addhion to recommendations for permitting strategies that could be enacted under 

current statutes and rules, the SAC recognized the need for changes to those statutes and . 

Rules that would result in better management of water resources. Specifically: 

l. In order to minimize or eliminate speculative farm~use permit applications, 

EPD should charge a permit application fee of $250. This money should be 

dedicated to assisting management of agricultural water use or as an incenti~e for 

conservation, and should not be put into the State general fund. 

2. For existing permits; those that are 'grandfathered' as defined by the Water 
-· . . . . 

Quality Act and. Groundwater Use Act should be exempt from being modified in 

any way in order to provide new users with sufficient water. 

. .. . . 

3. For declared drought years, the Flint River Drought Protection Act should be 

modified to allow focus on individual sub-basins, including areas with critical 

habitats that are host to endangered species: · 

a. · Upper Flint 

b. Middle Flint 

c. Kinchafoonee-Muckalee Creeks' 

d. Lower Flint 

. e. · Ichawaynochaway Creek 
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f Spring Creek 

4. Funding · for the Flint River Drought Protection Act should be expanded and 

assured beyond its current limits such funding is available to pay higher per~acre 

prices for suspension of irrigation. This would allow the State to suspend 

irrigation on high-water use lands as opposed to marginal farmland; increase the 

likelihood of taking more land out of irrigation; allow the EPD Director to require 

non-voluntary suspension of irrigation with fewer challenges; and offset the direct 

and indirect costs of reducing irrigation. 

5. Ground-water users should be included in the FRDPA, at the same payment 

rates as surface-water users, where the best available science indicates that they 

would directly impact stream flow. · 

6. Future permitting decisions, policing, review, etc. should be made at a local · 

level, such as by a regional water management district or authority similar to 

those operating in other states. 

7. The state should consid_er subsidies for conversion of permits from surface­

water to ground-water, as this may be a cost effective way to maintain adequate 

streamflow in some areas. 

8. The state should consider using existing wells or installing and operating wells 

during extreme droughts to supplement the flow in Spring Creek and other 

tributaries to maintain streamflow and protect endangered species. 

9. The statutory requirement that EPD "shall" issue all new permits should be re­

evaluated in order to protect existing users and the resource. 

10. Alternatives to issuing permits based on rated. pump capacity should be 

explored. 

. !I 
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PART ill: TECHNICAL AND STATUTORY BACKGROUND OF 

PLAN RECOMMENDATIONS 

SECTION 3: STATE OF THE BASIN'S NATURAL RESOURCES 

3.1 Basin hydro2:raphv 
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The FRB covers approximately 8,460 square rniles, and extends 212 miles from 

Hartsfield-Jackson International Airport to the southwestern comer of Georgia, where it 

joins with the Chattahoochee River to form the Apalachicola River (Fig. 0.1). The Flint 

River flows through the Piedmont Province of North America, and at the fall line crosses 

into the Coastal Plain Province. 

The FRB is divided into smaller sub-basins, or watersheds, by the U.S. Geological 

Survey (USGS). Watersheds of varying sizes are designated as Hydro logic Unit Codes, 

or HUC's, which is the number of integers in the code. Smaller HUC's have more 

numbers in their code. For example, the FRB has a HUC-6 designation of 031300. In 

the FRB, there arc six HUC-8 watersheds. These are: Upper Flint, Middle Flint, lower 

Flint, Kinchafoonee-Muckalee Creeks, Ichawaynochaway Creek, and Spring Creek (Fig. 

0.1). Each HUC-8 has definable hydrologic characteristics, and will be treated 

. individually in subsequent discussions of water use, effects of water use, and permitting 

strategies. 

Each HUC-8 can be divided into HUC-10 and HUC-12 watersheds. The latter is the 

smallest scale designated by USGS. In some cases, depending on HUC-8 hydrology. 

discussions of water use and permitting strategies will be at the HUC- IO scale. HUC-12 

watersheds are very small and their boundaries typically cut through individual farms, 

and even individual fields. This would_ make permitting and resource management 

decisions impractical. 
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3.2 Rainfall patterns: normal. drought. and long-term trends 

Average annual rainfall in the FRB ranges from 48-54 in/yr (Fig•. 3.1). Most of this falls 

between early November and mid-April, although frontal rainfall, convective storms in 

late spring through faU, and tropical storms can add significantly to annual rainfall totals. 

Figure 3 .1: Average annual rainfall in Georgia. FRB outlined in black. 
(Georgia Automated Environmental Monitoring Network) 

Dw-ing the drought of 1998-2002, rainfall patterns were significantly altered. The spring 

of 1998 was very wet, but normal seasonal rainfall trends ceased in summer of 1998. 

Subsequent winter rains did not occur until late winter or early spring of 1999, and were 

insufficient to make up for previous periods of low rainfall. A cwnulative rainfall deficit 

developed in Georgia that, in soiue places, exceeded the annual average rainfall for that 

area (Georgia Automated ,Environmental Monitoring Network). During the 1998-2002 

drought, many streams and aquifer levels reached record lows. Normal rainfall patterns 

resumed in September 2002, causing the Floridan aquifer in Subarea 4 to recharge fully. 
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Droughts are normal aspects of Georgia's climate. Since the 1950's there have been 

several periods of below-average rainfall in southwest Georgia: 1950-57; 1980-82; 1985-

89; and 1992-2002 (Barber and Stamey, 2000). A one-year drought in 1968 ranked as 

the second driest year on record in terms_ of annual precipitation. (A ranking of years by 

precipitation can be found in Appendix I). From 1952 to the late 1980's, southwest 

Georgia had an accumulating rainfall deficit of as much as· 60 inches (GAEMN, 2005). 

1n other words, annual rainfall was, over a period of decades, cumulatively less than the 

average rainfall amow1t of 52 in. Individual years may have exceeded the annual 

average, but those years could not overcome the below-average rainfall of prior years. 

Thus, from 1952 until the late 1970's, southwest Georgia was in a comparatively dry 

period. In the 1970's, annual rainfall amounts increased, and created a cumulative 

rainfall surplus that persisted until 1998. From 1998-2003, the cumulative rainfall 

surplus decreased to near zero (Fig. 3.2). The period from the late 1980's until 1998 

correspondsio the rapid and extensive growth of irrigation in the Dougherty Plain. 

Albany 3 SE Cumulatlve Departure from Average 1950-2002 

60..-------- - ----- - --- ---- --~ 

.30 ..._ ___ __________ _____ ____ _ _, 

Figure 3.2: Long-term trends in average rainfall at Albany, showing the cumulative 
departure from average precipitation between 1950 and 2002 

-(W. Hicks, written communication) . 
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An analysis of monthly rainfall pattems over the same time period indicates that rainfall 

patterns have been changing slightly. From April to September, which corresponds to the 

main agricultural growing season, monthly rainfall totals have declined slightly. 

Conversely, from October through March, rainfall totals have increased slightly. In other 

words, in addition to the ·multi-year cumulative deficits and surpluses, summers have 

been slightly drier and winters have been getting slightly wetter (Hook, 1998). 
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Figure 3.3: Comparjson of rainfall for winter and summer seasons 
(Hook, 1998) 
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3.4 Surficial geology 

From its source in metro Atlanta to where Ga. Highway 128 crosses from Crawford to 

Taylor County, the Flint River flows over deformed igneous and metamorphic rocks of 

the Piedmont (Georgia Geologic Survey, 1976). These crystalline rock types are 

extremely non-porous and impermeable, and they do not weather as easily as the 

limestone rocks typical of Georgia's Coastal Plain. Flow of the Flint River in the 

Piedmont is mostly sustained by rainfall; however, streamflow is augmented by variable 

amounts of ground-water inflow (Hicks, 2000). Ground-water base flow to the Flint 

River in the Piedmont province is discharged through weathered fractures in the hard, 

crystalline bedrock (Kellam et ;ii, 1993). Rainfall enters these fractures from outcrops, 

and from water stored in the soils and saprolite. Together, the soil and saprolite act as a 

sponge and store infiltrated rainwater. However, the low permeability of the saprolite 

and crystalline rocks limit the rate and volume of infiltration (Hicks, 2000). In the 

Piedmont, very large bedrock fractures, or collections of fractures, preferentially direct 

the streamflow and eventually become stream valleys; therefore, much of the Flint River 

channel north of the fall line may be locally controlled by the existence of bedrock 

:fractures that supply a portion of the streamflow (Kellam et al, 'i993). 

Between Ga. Highway 36 and Ga. Highway 13 7 near Thomaston, the Flint River drops 

out of the Piedmont through a series of rocky shoals. It descends more than 300 feet in a 

distance of less than 15 miles. This rocky zone is called the fall line, and it marks the 

boundary between the Piedmont and the Coastal Plain Province of North America. The 

Coastal Plain is underlain by relatively soft, weakly consolidated rocks and 

unconsolidated sediments deposited by the sea or streams when the shoreline was at or 

near the fall line between 80 and 100 million years ago. These deposits thicken to the 

south and southeast, and they are very gently tilted (dip) in the same direction. 

The upper section of the Coastal Plain, north of Dooly County, Americus, and Dawson, is 

called the fall line Hills district (Wharton, 1978). This area is underlain by sandy 

sediments of the Tertiary Clayton Formation (Tuscahoma Sand member) and sandy 
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sediments of the Claiborne Formation (Georgia Geologic Survey, 1976; McFadden and 

Periello, 1983). These formations comprise aquifers at depth, and are only recharged in 

the fall line Hills area where they are near the land surface (Davis et al, 1989). 

The Clayton aquifer consists of Clayton Formation limestone exposed in stream valleys 

of the upper Ichawaynochaway andMuckalee sub-basins, but its exposed recharge area is 

very small (McFadden and Periello, 1983; Davis et al, 1989). This, combined wjth an 

increase in irrigation pumping which began in the late l 970's, ca(1sed dramatic declines 

in water levels of the Clayton aquifer. For this reason, no additional permits are being 

issued in the Clayton aquifer and water-levels have stabilized. 

The Claiborne aquifer consists mostly of saturated sands of the Tallahatta Fonnation. In 

those areas where the Claiborne is relatively shallow, it is a viable alternative aquifer to 

the Floridan, although we]! yields rarely if ever match those of Floridan aquifer wells 

(Mcfadden and Periello, 1983). The Claiborne has a much larger recharge area than the 

Clayton, and has not experienced long-term potentiometdc declines like the Clayton 

aquifer. 

The southern half of the basin is underlain by the Ocala Limestone, a fossil-rich 

limestone that is the main water-bearing unit of the Floridan aquifer. The up-dip extent 

of the Ocala Limestone coincides with the approximate n01thwestem limit of the 

Dougherty Plain ahd Subatea 4. Thickness of the Ocala ranges from O ft at its up-dip 

boUJ1dary, to more than 300 ft along the southeastern side of Subarea 4 (Miller, 1986; 

Torak and others, 1993). Intensive weathering of the Ocala Limestone and the 

fonnations that once overlaid it has generated an extremely uneven upper surface of the 

remaining limestone, and a highly variable thickness of the weathered material that 

mantels the limestone (Hayes et al, 1983; Hicks and others, 1987). This residuum 

typically bas a clay layer directly overlying the limestone, which locally acts as the upper 

semi-confining unit to the Floridan, although under most of Subarea 4 the Floridan 

functions as an unconfined or semi-confined aquifer (Miller, 1986: Torak and 

McDowell, 1996). Where present, the upper clay layer ranges from less than 5 ft thick to 
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more than 50 ft thick in the down-dip parts of the FRB. Above the clay layer is sandy­

clay residuum of higher permeabHity that transmits precipitation to the underlying 

Floridan aquifer. In most of the FRB, the Floridan aquifer is confined below by low­

permeability sediments of the Lisbon Formation (Wagner and Allen, 1984; Torak and 

McDowell, 1996). 

The Floridan aquifer receives annual recharge directly from seepage through the 

overlying residuum, and through the numerous and extensive sinkholes in Subarea 4 

(Tonik and McDowell, 1996). Like streams in the area, aquifer heads are highest in.late 

winter and early spring due to direct and rapid recharge, low usage, and low 

evapotranspiration. The lowest seasonal levels of the Floridan aquifer occw- in middle 

to late autumn (Fig. 3.4). If normal rainfall follows the periods of lowest stream and 

aquifer levels, the aquifer recharges to levels .comparable to those of the previous year 

(Groundwater Conditions in Georgia, USGS annual report). This suggests that, in some 

paits of Subarea 4, the Floridan aquifer is semi-confined. It also reflects the extremely 

permeable nature of the sandy residuum above the Ocala Limestone. 
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Figure 3.4: Hydrograph of well in Floridan aquifer in Subarea 4, showing typical 
seasonal variations in water level. 
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In most areas, the Floridan aquifer is a very prolific source of water because it has 

abundant cavities and fractures, widened by naturally acidic ground-water. For this 

reason, transmissivity values of the Floridan aquifer range from 2,000 to 1,300,000 

ft2/day (Torak and McDowell, 1996). Transmissivity values decrease towards the 

northern Subarea 4 boundary and the northwestern extent of the Floridan aquifer (Torak 

and McDowell, 1996) where aquifer yields will not support irrigation pumping. Yields 

are highest in the south and in areas adjacent to streams (Maslia and Hayes, 1988). 

Because the Floridan aquifer is so highly transmissive and fractured, large ground-water 

withdrawals do not form deep cones of depression as in sandy, less transmissive aquifers. 

Instead, cones of depression in the Floriaan aquifer are broad and shallow, and may be 

distorted by fracture zones into irregular or elongated shapes. Furthermore, withdrawals 

from the numerous irrigation wells in the Dougherty Plain region rarely create individual 

cones of depression (Torak, 1993). Because of the close spacing of the wells, their cones 

of depression overlap to create a regional lowering of the potentiometric surface rather 

than local declines adjacent to pumping wells (Torak and McDowell, 1996). 

The high transmissivity and storage of the Floridan aquifer also causes rapid recovery of 

aquifer levels in many places. In other words, when pumping is initiated, there may be a 

rapid drawdown around the pumping well, but when the pumping ceases there is an 

equally rapid recovery as water flows quickly back into the area around the well with 

only a slight change in aquifer storage that is observed as a slight decline in static ground­

water level (Fig. 3.5). 
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Figure 3.5: Hydrograph of Floridan aquifer well showing rapid recovery after cessation 
of pumping 

3 .5 Stream-aquifer interaction 

From Vienna, Ga. in Dooly Cow1ty, southward the Flint River is in hydraulic connection 

with the Floridan aquifer. In other words, the river has cut downward into the limestone, 

and exchanges water with the aquifer. For the remainder if its length, the Flint River 

remains in hydraulic connection with the Floridan aquifer to varying degrees. Similarly, 

many of the Flint's tributary streams are also in direct contact with the limestone and 

exchange ground-water discharge with it (Torak and McDowell, 1996). 

This connection between streams and the aquifer is evident in potentiomet:ric maps of the 

lower FRB, in which potentiometric contours bend strongly upstream where they cross 

tbe Flint River or some of its tributaries (e.g. Peck et al, 1999). The more pronounced the 

bend, the greater the hydraulic connection between stream and aquifer, and the greater 

the discharge from tbe aquifer to the stream. The flow of water back and forth from 

stream to aquifer is referred to as "stream-aquifer flux". When it is positive; that is, from 
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aquifer to stream, the stream is said to be -an "effluent" or "gaining'' stream. When it is 

negative; that is, from stream back into aquifer, the stream is said to be an "influent" or 

" losing stream". Under conditions of normal rainfall patterns, most stream reaches in the 

lower FRB are effluent, or gaining, streams. 

Ground-water discharges to streams directly through the streambed or stream. banks, but 

it may also be added in large quantities from in-channel springs (Torak and McDowell, 

1996). In the FRB, these are called "blue-hole" springs from the striking blue appearance 

of the streambed around the springs (Fig. 3.6). This blue color is caused by precipitation 

of carbonate minerals around the opening of the spring. 

Figure 3 .6: "The Shaft", a blue-hole spring on the Flint River between Albany and 
Newton, GA. (photo by S. ·opsahl, J.W. Jones Ecological Research Center). 

Some blue-hole springs have substantial discharges on the order of tens of millions of 

gallons per day. For example, the flow of Radium Springs in Albany, Ga has bee11 

measured at 49,000 gallons per minute (70.6 mgd). However, as a result of drought and 

increased withdrawals Radium Springs went dry in 1981 for the first time in recorded 
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history, and has been going dry more frequently since then (W. Hicks, personal 

communication, 2005) . 

Blue-hole springs are more numerous and productive in the lower FRB. They are found 

on the major tributaries of the Flint, such as Ichawaynochaway Creek, Spring Creek, and 

others. . Spring Creek takes its name from the numerous and prolific blue-hole springs 

along its length. A very high proportion of the streamflow of Spring Creek is derived 

from these springs: more so perhaps than in other tributaries of the Flint. The Flint River 

may receive as much as 500 mgd of ground-water discharge between Albany and 

Bainbridge (Torak and McDowell, 1996). 

SECTION 4: FISH AND WILDLIFE RESOURCES OF THE LOWER FLINT 
RIVER BASIN 

4.1 Mussels 

Twenty-nine freshwater mussel species were historically known from the lower FRB 

with 22 species currently believed to still occur in the basin (Brirnbox and Williams 

2000) . In 1998, the U.S. Fish and Wildlife Service listed three of these species as 

endangered and one as threatened under the U.S . Endangered Species Act (USFWS 

2003). An additional species, the Fat Threeridge (Amblema neisleri1) was also listed as 

endangered, but is presumed extirpated from Georgia. 

North American mussels have experienced drastic declines in the past century as a result 

of dam construction, siltation, water pollution; and harvesting for pearl buttons (Brim 

Box and Williams, 2000). Today, formerly large populations of freshwater mussels have 

dwindled to small remnant populations that, in some cases, are functionally extinct; i.e., 

the populations are not capable of replacing themselves through reproduction (DNR, 

1999; Golliday et al., 2002). 
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Freshwater mussels belong to the family Unionidae and are commonly referred to as 

"Unionids". Unionids generally live partially burrowed in the streambed, leaving only a 

small part of their shell exposed. They are able to move slowly by extending and 

retracting their muscular foot. This burrowing behavior as well as their slow movement 

leaves them unable to evade siltation and low levels of dissolved oxygen (DO). 

The reproductive cycle of Unionids includes a short phase in which larval mussels H 
must parasitize specific fishes (Parmalee and Bogan 1998). Many mussel species release 

larvae throughout the spring and early summer when they must locate proper fish hosts 

quickly. After a few weeks upon the fish, .larvae drop off the host fish and begin their life 

on the stream bottom as a mussel. 

Because Unionids burrow into the streambed, filter feed, and depend on adequate fish 

populations to complete their life cycle, they are susceptible to the types of environmental 

stressors that commonly occur in the lower FRB. Specifically, soil erosion from human 

development, pollution, river impoundments, and natural or human-caused low flows 

have led to large declines in mussel populations (Brim Box and Mossa 1999). 

The ability to survive desiccation varies among mussel species however, few species 

found in the lower FRB can tolerate prolonged drought. While some mussel populations 

are thought to naturally decline during droughts, they are believed to recover after 

conditions return to normal. However, droughts combined with other stresses on mussel 

populations threaten the long-term survival of many mussel species in southwestern 

Georgia. 

Researchers were able to examine the impacts of the 2000 drought conditions on mussel 

populations (Fig. 4.1) . In 2001, 21 stream reaches that contained recently surveyed 

populations of Unionids were resurveyed to determine the impact of the drought on the 

mussels. Some sites were non-flowing; i.e. the streambed was dry or had isolated pools of 

slack water during the drought; other sites maintained flow. The most severely impacted 

populations (those with the greatest population declines) were those at non-flowing sites, 
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and most of the non-flowing sites were in the Dougherty Plain. Non-flowing sites with 

high amounts of woody debris had lower mortality rates than non-flowing sites without 

woody debris (Golladay et al, 2004). 
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Fig1.1re 4.1 : Percent change in total unionid abundance in the lower FRB, 1999 and 200 l 
(from Golladay et al, 2004) 

The most extreme mussel m01tality (of all surveyed sites) occurred in Ichawaynochaway 

sub-basin on Chickasawhatchee Creek near Elmodel. Although Chickasa~hatchee Creek 

is normally a gaining stream above this location, it ceased flowing during 2000 (Golladay 
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et al, 2004). This site is downstream of numerous large surface-water withdrawal points 

in Dougherty County, especially on Spring Creek north of Ga. Route 62. Although 

Chickasawhatchee Creek is not in good hydraulic connection with the Floridan aquifer 

upstream in Terrell County, it does become better connected in Calhoun County 

(Albertson and Torak, 2002). 

On the main stem of Ichawaynochaway Creek where it flows into Subarea 4, mussel 

populations experienced large declines (a drop of between 50% and 100%, depending on 

species; Golladay et al, 2004). There is probably little ground-water contribution to the 

stream at this location, but under normal circumstances there is substantial tributary flow 

above this point, as well as significant of surface-water withdrawals. Even under drought 

conditions, flows at this point would have been substantially higher, almost certainly 

precluding a large mussel die-off. 

One of the sites of greatest increases in surveyed mussel populations was also on 

Chickasawhatchee Creek near the Terrell-Doughe1ty County line (Golladay et al, 2004). 

Although this site is near and downstream of relatively dense distribution of ground­

water irrigation, it is also in an area where the Floridan aquifer is very thin. Many wells 

in that area are not tapping the Floridan aquifer and thus have no impact on surface-water 

flow. The USGS has designated this stream segment as having a low susceptibility to 

ground-water withdrawals, but as the creek bends towards the south, deeper into Subarea 

4, its susceptibility increases as its base flow contribution from the Floridan aquifer 

increases (Albertson and Torak, 2002). 

Clearly, the 2000 drought conditions greatly impacted Unionids in the Dougherty Plain. 

Although the drought severely affected the whole southwest Georgia region, ground­

water withdrawals in the Dougherty Plain area may have compounded drought stresses, 

and thus played a major role in mussel mortality. During the 2000 drought, researchers 

noted that many streams showed declining flows from their headwaters downstream 

across the Dougherty Plain (Johnston et al, 2001). This provided additional evidence 
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irrigation in the Dougherty Plain decreases aquifer discharge, and · thus exacerbates 

drought-related low streamflow. 

In addition, patterns of mussel mortality may reflect competing effects of ground-water 

base flow and surface-water withdrawals. In those areas where there is little or no 

ground-water base flow, large surface-water withdrawals upstream may cause stream 

drying and possibly mussel die-offs. A possible example is the Morgan location where 

mussels died in large numbers downstream of riumerous surface-water withdrawals from 

perennial streams. The locations upstream where mussels increased in population were 

in upland tributaries where surface-water withdrawals were not sufficient to cause dry 

streams or catastrophically low stream-flow. South of Morgan on Ichawaynochaway 

Creek, ground-water baseflow was sustained by the Floridan aquifer and offset surface- · 

water withdrawals, allowing mussels to survive . . The two locations in Terrell County 

where streamflow ceased were on upland tributaries with relatively small amounts of 

irrigation and no connection with the Floridan aquifer; therefore, mussel mortality there 

can be attributed mostly to drought conditions. 

4.2 Gulf striped bass 

The lower Flint River and its major tributaries contain a significant population of Gulf 

striped bass (Morone saxatilis) (Fig. 4.2). Striped bass are diadromous species, meaning 

that they can live in either fresh-water or salt-water, although in the lower ACF striped 

bass are a riverine species that rarely migrate into salt water (Dudley et al. 1977). Before 

construction of Jim Woodi;uff Lock and Dam (JWLD) in the 1950's, striped bass would 

typically spawn in the Chattahoochee and Flint Rivers then return to the Gulf. Spawning 

still occurs above JWLD, but stocking is required to maintain sufficient populations (Gulf 

States Marine Fisheries Commission, 2005; Alabama Department of Conservation and 

Natural Resources et al, 2004). 
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Figure 4.2: Gulf striped bass in the blue-hole spring exhibit at the Flint RiverQuarium 
(photo by Flint RiverQuarium). 

In the Flint River, Gulf striped bass are dependent on "thermal refuges." When river 

temperature exceeds 23° C (usually by early May) striped bass seek out cool water (blue 

hole springs) to spend the summer rrlonths. At temperatures above 27° C, mature bass 

(> 15 lbs) stop feeding and die (Zale et al, 1990). The fish remain in or near these refuges 

throughout the summer, and by mid-October begin to vacate them (Alabama Department 

of Conservation and Natural Resources et al, 2004). Dissolved oxygen concentrations are 

critical for survival in summer thennal refuges (Coutant, 1985). However, crowding in 

the refuges due to temperature preferences or avoidance oflow oxygen can lead to stress­

induced pathology and over fishing, both of which can contribute to population declines 

Coutant (1985). To reduce the exploitation of Gulf striped bass in thermal refuges by 

anglers, the Flint River is closed to striped bass fishing from May 1st through October 3 l st 

(Georgia 2004-2005 Sport Fishing Regulation, Department of Natural Resources, 

-Wildlife Resources Division). 
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Availability of the thermal refuges plays an important role in the survival of these fish, 

and limited summer thermal refuge habitat is probably the major factor for high adult 

striped bass mortality in Gulf Coast rivers (Lukens, 1988). In the lower FRB, blue~hole 

springs are the preferred thermal refuges for striped bass (Weeks and Van Den Avyle, 

1996). Water discharging from the Floridan aquifer into blue-hole springs provides a 

further benefit to the bass' survivability in the Flint River, as alkalinity is beneficial to 

striped bass (Kerby 1993). 

Striped bass are not a major species supporting saltwater recreational or commercial 

fishing in the Gulf of Mexico; however, the Flint River is one of the largest recreational 

striped bass fisheries in the Gulf region. There is a substantial directed recreational 

fishery for Gulf striped bass during the winter and spring months on the Flint River at the 

Georgia Power Dam in Albany and at the USACOE Andrews lock and dam on the 

Chattahoochee River (GA DNR unpublished data). Throughout the rest of their range, the 

majority of striped bass are caught incidentally by anglers targeting other fish such as 

catfish, bass, and sea trout (Gulf States Marine Fisheries Commission, 2005). 

Conditions necessary for :Striped bass survival normally exist in the lower FRB, although 

low flows can impose stresses on the bass in addition to the unavailability of thermal 

refuges. Gulf striped bass population data collected by the Georgia Wildlife Resources 

Division (Department of Natural Resources) includes spring electrofishing surveys and 

counts of adults using thermal refuges during summer. These surveys have not indicated 

a substantial reduction in Gulf striped bass numbers in the Flint River. However, these 

methods of assessing the population may not adequately measure the impact drought has 

on this species. Decreased flow and increased temperatures that occur during drought 

conditions should be negatively correlated to the survival of Gulf striped bass. In 

addition, the Wildlife Resources Division has noted a decrease in the number of springs 

that are being utilized as thermal refuge habitat. These changes may be directly related to 

drought and low-flow conditions. 
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SECTION 5: WATER USE IN THE FLINT RIVER BASIN 

5.1 Ae:ricultttral water withdrawal permitting 

Ground-water withdrawals are regulated by EPD under the authority of the Groundwater 

Use Act (OCGA 12-5-90 et seq.) and Rules for Groundwater Use (391-3-2), and surface­

water withdrawals are regulated by (EPD) under the authority of the Water Quality Act 

(OCGA 12,-5-20 et seq.) and Rules for Water Quality Control (391-3-6). Permits for 

withdrawal of water for industrial, municipal, or agricultural use are required in Georgia 

for withdrawals that have the capacity to exceed 100,000 gallons per day (gpd) on a 

monthly average (O.C.G.A. 12-5-105). 

Georgia law defines agricultural water use: 

·'Farm-use permits are for the irrigation of any land used for general farming, 

forage, aquaculture, pasture, turf production, orchards, or tree and ornamental 

nurseries; provisions of water supply for farm animals, poultry far.ming, or any 

other activity conducted in the course of a farming operation. Farm uses shall also 

include the processing of perishable agricultural products and the inigation of 

recreational turf, except in Chatham, Effingham, Bryan, and Glynn counties, 

where in-igation of recreational turf shall not be considered a farm use.'' 

(O.C.G.A. 12-5-92). 

5.1.1 Application for a permit 

When an applicant wishes to obtain a farm-use permit, they submit a permit application 

to EPD on forms supplied by EPD. Applicants provide information that must include, but 

not be limited to: Applicant's full name; mailing address; county in which existing or 

proposed water withdrawal is located and the purpose of the, proposed withdrawal. If a 

withdrawal is for the purpose of irrigation, applicants are asked for the number of acres 

irrigated from this source and average number of inches of water applied from this source 
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per year, as well as whether or not chemicals, fertilizers, fungicides, herbicides, 

insecticides, or nematicides are injected into the irrigation water. Applicants mark the 

withdrawal location of the water source on a county map supplied by the Division ( or 

equivalent). If the application is for ground-water withdrawal, weH construction data 

including (but not limited to) well depth; depth of pump intake below ground surface; 

design pumping capacity of well; depth of well casing; and month and year of well pump 

installation. Similarly if it is for a surface-water withdrawal, applicants are asked for the 

name of the withdrawal source (stream, lake, pond, etc. name); design pumping capacity 

of the pump or pumps at this location; number of pumps involved, if more than one; and 

month and year of pump installation. (O.C.G.A. Sec. 12-5-105). 

5 .1 .2 Application evaluation - ground~water withdrawal permits 

If the permit is for ground-water use, a geologic appraisal is performed to determine what 

aquifer the well will be using. This is a relatively simple procedure that compares surface 

elevation of the proposed well, the proposed well depth, and the known depths of aquifer 

tops and bottoms as shown in Georgia Geologic Survey Hydro logic Atlas 10 "Hydro logic 

evaluation for underground injection control in the Coastal Plain of Georgia" (Arora, 

1984) and other published reports that describe the aquifers of Georgia. In the Coastal 

Plain, the heavily used Clayton aquifer has experienced extreme head declines, which 

causes adverse effects on other water users in those areas where the Clayton is currently 

being used. Under these circumstances, EPD can require future water users to withdraw 

"from other fresh-water aquifers than presently utilized;' (391-3-2-.11). If the proposed 

well is using an aquifer in which EPD is still issuing permits, the applicant will be sent a 

"Letter of Concurrence to Drill an Irrigation Well" (391-3-2-.04) . The applicant is 

required to drill the new well within one year to the approximate specifications described 

in the Letter of Concurrence. The proposed water user proceeds at their own risk if they 

do not obtain a letter of concurrence from EPD before constructing the well. (391-3-2-

.04). After completion of the well, the applicant must return the Letter of Concurrence 

along with well completion data forms (also provided by EPD) describing well clepth, 

casing depths, pump capacity, and other well construction details. If the well is drilled 

into an aquifer for which EPD is not issuing withdrawal permits, the applicant will be 
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denied a permit and may be required to plug and abandon the well. [f the well is 

constructed in accordance with the Letter of Concurrence, then a permit is issued to the 

applicant for the well. 

5.1.3 A~plication evaluation - surface-water withdrawal permits 

If a farm-use pennit is for a surface-water withdrawal, then tbe applicant must specify 

their intended withdrawal capacity. The same criteria for issuance of a "grandfathered" 

ground-water permit apply to surface-water pem1its; however, in the case of surface­

water pennits for which an application was submitted before July 1, 1991, no low-flow 

protection plan is required and a pennit is issued for the original pwnp capacity. All 

sw-face-water permits for which an application was submitted after July l, 1991, must be 

evaluated to determine the need for a low-flow protection plan in order to protect the 

7QIO or the natural streamflow, whichever is less. The 7Q10 is defined as the minimum 

average flow for 7 consecutive days that occms on average once every 10 years. If prior 

permitted withdrawals exist downstream, the new permit applicant must develop a 

drought contingency plan to protect the "non-depletable flow" (NDF) or the natural 

streamflow, whichever is less (391 -2-3-.04). NDF is equal to the 7Q 10 plus the 

calculated amount required to protect p,ior users. For withdrawals south of the fall line, 

where streams channels are not well defined, EPD has determined that it is necessary to 

protect only non-depletable flows of 1.0 cfs or greater. If evaluation of streamflow 

indicates that NDF would be less than 1.0 cfs, a low-flow plan is not required. 

The process of evaluating an agricultural surface-water pennit application involves 

establishing the presence and needs of downstream users, using EPD's GIS database of 

agricultural pennits. The current methodology for processing surface-water withdrawal 

applications involves determining a local 7Ql0 flow for each withdrawal point. This 

value is then used to determine if an applicant must submit a low-flow protection plan. 

Data from USGS gauging stations used to determine 7Q 10 flows is available from "Low­

Flow Frequency of Georgia Streams',, or http://irn2.er.use:s.!.ov/lowflow. These gauging 

stations are located throughout the state, but are located in much fewer places in the 
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Coastal Plain. To obtain the most accurate information, 7Q10 flows are determined using 

continuous records obtained from USGS gauging stations. When a nearby gauging 

station can't be located, partial-record gauging stations are used. These, however, aren't 

always close to the applicant's withdrawal point. In these cases, "Effect of a Severe 

Drought (1954) on Stream flow in Georgia" (Thompson and Carter (REF)) is used to 

locate a gauging station with partial-record data. A 7Q 10 flow can almost always then be 

calculated for the withdrawal point. Very rarely will a withdrawal point be located in 

close proximity to a gauging station, so the 7Ql0 flow will almost always be interpolated 

from nearby gauges. In southern Georgia, however, some counties have very few (if any) 

gauging stations. Also, if a station is near a withdrawal point, they may not necessarily be 

in the same drainagebasin. 

If 7Q 10 data are not available for the proposed withdrawal location, it must be estimated 

from a known 7Q 10 flow in the vicinity of the withdrawal using the drainage area (DA) 

ratio method (proposed withdrawal 7Q 10 = known 7Q 10 x proposed withdrawal DA/ 

known 7Ql0 DA). Drainage areas above the proposed withdrawal can be obtained using 

a map and planimeter, or they can be calculated using advanced GIS software. Once 

7Q10 is calculated for the proposed withdrawal point, the existing nearby downstream 

withdrawals must be totaled. If a major tributary enters the stream, then withdrawals 

below the confluence should not be considered. NDF is obtained by summing the 7Q10 

flow and a prorated portion of nearby downstream withdrawals ( determined by the DA 

ratio method). 

5 .1.4 "Grandfathered" farm-use permits 

Agricultural withdrawal permitting began in Georgia in 1988 when the Ground-water 

Use Act of 1972 was amended. If a permit applicant could prove to EPD's satisfaction 

that a well or surface-water pump with a specified pumping capacity was installed before 

July 1, 1988, EPD granted a permit for such capacity from this well or pump. The 

application for such capacity had to have been received by the EPD on or before July 1, 

1991. If submitted on of before that date, EPD granted a permit for the withdrawal of 
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water at a rate of withd~awal equal to the greater of the operating capacity in place for 

withdrawal on July 1, 1988, or, when measured m gallons per day on a monthly average 

for a calendar year, the greatest withdrawal capacity during the 5-year period 

immediately preceding July 1, 1988. If the permit application was submitted after July 1, 

1991, or, regardless of when submitted, ifit is based upon a withdrawal of ground-water 

for farm uses occurring or proposed to occur on or after July 1, 1988, the application was 

subject to evaluation and classification as described in the Code Sections 12-5-96 and 12-

5-97. 

In other words, if a farmer had a well or pump that he or she could prove was in existence 

before July 1, 1988, and if they submitted a permit application before July 1, 1991, they 

would be issued a "grandfathered" permit for the existing pump capacity. Applications 

. received after July 1, 1991, are not "grandfathered", and have been subject to evaluation 

according to the procedures described in the Rules for Groundwater Use and the 

Groundwater Use Act. To date, almost all permit applications received have been 

approved for the requested pump capacity. 

5 .1.5 Expiration, revocation, modification and transfer of agricultural permits 

Farm-use permits have no expiration, and cannot be revoked for non-use in whole or in 

part after initial use has commenced (O.C.G.A. 12-5-105 (b )(2). However, the Director 

may suspend or modify a permit, grandfathered or not (see below) for farm use if he or 

she should determine through inspection, investigations, or otherwise that the quantity of 

water allowed would prevent other applicants from reasonable use of ground-water 

beneath their property for farm use (O.C.G.A. 12-5-105 (b)(3)), or if permitted 

withdrawals cause unreasonable adverse effects on other water users, including adverse 

effects on public and farm use (391-3-2-.11). A farm-use permit may be revoked if the 

proposed well was never drtlled or if it was constructed in a manner significantly 

different from that indicated in supporting documentation. A farm-use permit is tied to a 

location, not a person, and may be transferred to subsequent owners of the land 

associated with the well, provided that EPD receives written notice of any transfer. 
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Under current State law, 'they cannot be transferred to different locations or between 

persons who are not owners of the land. Any modifications in the use or capacity 

conditions contained irt the permit or lands which are the subject of the permit shall 

Jequire the permittee to submit an application fm review and approval by the Director 

(O.C.G.A. 12-5-105 (b)(l)). 

5.2 Historical agricultural water use in southwest Georgia 

Itrigation represents the largest category of agricultural water use in the FRB. For the 42 

counties in which the Flint Basin lies, fewer than 25 % of agricultural permits have been 

requested solely for livestock, aquaculture, or other farm uses. However, it is understood 

that many stnall wells pumping less than 100,000 gpd (and would thus not require a 

permit), are also used for these purposes. Because of the importance of it-rigation to the 

state and region, irrigation use has been surveyed and studied for many years. 

5 .2.1 Extension irrigation surveys 

Since the onset of center-pivot irrigation in the 1970's, the Georgia Cooperative 

Extension Service (CBS) has conducted periodic surveys of its agents to enumerate 

ongoing i1i'igation practices, acreage, and amounts (Harrison, 2005; Harrison and Hook, 

2005). The statewide results of the most recent CES survey in 2004 can be found on-line 

at http://www.nespal.org/al!Wateruse/facts/survey/. The survey shows cotton, peanut, 

corn, vegetables, a11d pecans to be the most extensively irrigated crops, with 42, 22, 12-, 8, 

and 5%, respectively, of the 1,550,000 acres inigated statewide. In the 42 counties in 

which the Flint Basin lies, the same crops predominate with 48, 24, 12, 7, and 7%, 

respectively, according to the extension smvey. The average amount applied to crops 

statewide is shown below (Fig. 5 .1) for crops of importance. 

The CES survey also asked agents to estimate the average amount of water applied to 

each crop in the agent's county during the year of the survey. For the most recent survey, 
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the statewide irrigation application depths varied from about 4 to 20 inches. The amount 

applied to crops on average statewide is shown below for crops of importance to the Flint 

Basin. In the 2004 survey, as in most other years of the survey, cotton, peanuts, and corn 

received 6 to 8 inches of water; vegetables and pecans, 8 to 10 inches; and athletic areas, 

sod, and nursery plants, greater than 15 inches. 

Golf & Athletic 

Turfura~, 

Nursery 

Pecan-Drip 

Pecan.SprinlJer 

Pa5tum 

Vea-Drip 

Veg.Sprinkler 

Peanut 

Cotton 

Com 

0 4 8 

2004 Irrigation 
Application Depths 

12 16 

Irrigation amount (in.) 

20 

Figure 5 .1: Statewide irrigation application depth in the 2004 survey of Cooperative 
Extension agents 

excerpted from the on-line data 
http://www.nespal.org/agwateruse/factslsurvevlamtbvcrop.asp 28 Sep 2005) 

5 .2.2 Subarea 4 and Flint Basin Sound Science Studies - Irrigated acreage 
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While CES irrigation surveys provided practical estimates of irrigation areas, application 

amounts, and crops produced, they provided too little detail on specific watershed areas, 

and the estimates were based on surveys of agents only. 

To provide a working knowledge of specific withdrawal locations, area under current 

irrigation systems, and identification of permits used with those irrigation water 

withdrawals, EPD commissioned two Sound Science studies under the auspices of the 

ACF Compact negotiation and the FRB Plan to map irrigated area in Subarea 4 and 

beyond. In the first effort, Litts et al. (2001) measured center-pivot irrigation systems 

visible in aerial photographs and estimated non-pivot acres. They reported approximately 

475,800 irrigated acres could be found in the Subarea 4 portions of the lower FRB and 

adjacent parts of the Chattahoochee Basin. 

Subsequently, EPD, UGA-NESPAL and the J.W. Jones Ecological Research Center 

worked with farmers and other permit holders to identify specific sources and irrigated 

areas associated in an effort to map each permitted withdrawal. In Subarea 4, they 

identified 570,000 acres that were under irrigation. Of these, approximately 79,000 acres 

were irrigated by surface-water and 466,000 acres by ground-water, while the remainder 

were supplied by multiple sources of ground-water and surface-water (Danna Betts, 

UGA-NESPAL, personal communication, summary of areas mapped Jan. 5, 2005). The 

permit mapping initiated under this Sound Science study was extended northward to 

include the entire FRB. Since specific irrigation sources and irrigation systems were 

mapped in a Geographic Information System (GIS), these data were used in subsequent 

Flint Basin analyses and models that form the basis of this Plan. 

An evaluation of irrigated acres by sub-basins within the FRB (Fig. 5.5) indicates that 

the highest concentration of irrigation is in the lower Flint River and Spring Creek sub­

basins. Irrigation in these areas is almost exclusively supplied by ground-water. The 

Ichawaynochaway sub-basin is equally divided between ground-water and surface-water. 

This is particularly evident in the southern half of the sub-basin in Subarea 4, in contrast 

to the northern half, which is supplied by a combination of surface-water and ground-
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water. The Middle Flint · and Kinchafoone-Muckalee Creek sub-basins, have lesser 

amounts of land under irrigation. Irrigation is dominated by surface-water withdrawals. 

The Upper Flint sub-basin has a comparatively small irrigated area and was not examined 

closely for impacts in this Flint Basin Plan. 

Thus, irrigation from ground-water is most heavily concentrated in the Dougherty Plain 

section of the Coastal Plain where the Floridan aquifer is relatively shallow and generally 

prolific. Outside of Subarea 4, especially north of it, surface-water use exceeds ground­

water use (Figs. 5.2, 5.3). 
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5.2.3 Subarea 4 and Flint Basin Sound Science Studies - Irrigation amounts 

With funding from EPD, agricultural water use in Georgia was extensively studied by 

The University of Georgia Agricultural Experiment Station and CES. From 1999 through 

2004, a random 2% sample of irrigation systems was metered across Georgia (Hook et al, 

2005), and a random 5% sample of ground-water-supplied systems in Subarea 4 was 

metered. Together this resulted in multi~year, monthly measurement of irrigation 

application amounts on 41,500 acres (7.3% of Flint Basin acres) for 305 permitted 

withdrawals (7% of Flint Basin permits). Flow rates on sampled irrigation systems were 

measured with "strap-on" digital flow meters, and usage hours were recorded monthly for 

each system. Additionally, crop type, wetted area, power source, and water source were 

determined during each observation. The final report of this statewide irrigation 

monitoring research, "Ag Water Pumping" ( or A WP), as well as summaries from the 

research, was placed on-line (http://www.nespal.org/awp/2005.02.A WP-Final.pdt). The 

combination of irrigation amounts obtained from A WP (Fig. 5.4), combined with 

irrigation surveys and permit mapping provided most of the agricultural water-use data 

used for the hydrologic models discussed below. 

Most irrigation systems in the Dougherty Plain, whether supplied by surface-water or 

ground-water, are center-pivot systems (Table 5.1). These are the most efficient systems 

in the very low topography of the Dougherty Plain. In the Fall Line Hills where 

topography is more rolling, traveler irrigation systems are more common. 

System Type Acres 
Portable Pipe 2190 
Cable Tow 43666 
Hose Reel 26327 
Center Pivot 557632 
Le.tern.I Move 428 
Solid Set Sprinkler 19197 
Drip/Trickle 28813 
Athletic Field/Golf 3733 
SDI 73 

Table 5.1: Irrigated acres by system type in southwest Georgia (NESPAL, 2005) 
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Figure 5.4. Irrigation amounts by crop in southwest Georgia 
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As part of the A WP study, permitted irrigation wells and surface-water pumps and the 

acreage wetted by them were mapped by NESP AL and EPD using advanced GTS 

software. This provided invaluable data relevant to water-use patterns and geographic 

trends in irrigation. More than 95% of the permitted wells and surface-water pumps and 

associated irrigated fields have been mapped. Results of the permit mapping reveal the 

distribution of irrigation by sub-basin in southwest Georgia (Figure 5.5). The lower Flint 

sub-basin has the largest area under irrigation, but it is also the largest HUC-8 sub-basin 

in the study area. Significantly, Spring Creek is one of the smaller sub-basins in the 

FRB, but it has the highest percentage of land under irrigation (REF). 
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Figure 5 .5: Distribution of irrigated acreages by sub-basin in southwest Georgia 
(NESPAL, 2005) 

The A WP study also revealed details about the distribution of irrigation throughout the 

year (Fig. 5.6). Irrigation does not occur unifonnly throughout any given growing year; 

rather, it mostly occurs during the main growing season from April through September. 

Variations in irrigated depths and amounts within the growing season depend on rainfall 

patterns, crop needs, and crop distribution. Typically, however, irrigation volume peaks 

in June, July, or August, and drops rapidly after September. Not coincidentally, this 

corresponds with the hottest and/or driest parts of the year when evapotranspiration is 

highest, and streams and ground-water levels are approaching their seasonally lowest 

levels. Very little water is applied outside of the May-September growing season (Hook 

et al, 2005). 
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. Figure 5.6. Temporal distribution of irrigation during 2000-2001 ( NESPAL, 2005). 

Irrigation depths and volumes measured and calculated during the A WP study for 

southwest Georgia are shown in Table 5.2. T.he period 2000-2002 represents moderate to 

severe drought conditions; 2003 was a relatively wet year. Year 2004 is categorized as 

an "average" to dry year in terms of precipitation (AEMN, 2004). 

Mean annual area-weighted irrigation depths and calculated withdrawals, southwest Georgia 

Year GW SW W2P GW SW W2P All 
in./yr Mgal/vr 

2000 12.0 7.5 9.4 178,000 34,000 18,000 230,000 
2001 9.1 5.3 7.5 140,000 24,000 15,200 180,000 
2002 10.0 7.5 7.4 157,000 34,000 14,600 206,000 
2003 5.3 2.5 4.5 80,000 13,100 9,000 102,000 
2004 8.5 6.8 5.9 130,000 31,000 11,400 172,000 

Table 5.2: Mean annual area-weighted irrigation depths and calculated withdrawals, 
southwest Georgia (Hook et al, 2005). 

Application depths varied substantially depending on crop type, soil type, local rainfall 

patterns, location, and individual fanner preference, and were computed from individual 

application depths that varied from 0 to over 300 inJyr (Hook et al, 2005). Average 
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regional values were combined with wetted acreages to calculate irrigation amounts in 

million gallons per day. 

It is notable that ground-water-supplied irrigation systems consistently applied more 

water than surface-water systems. This may have been a result of greater reliability of 

ground-water supply in a drought in which many streams and ponds dried; the ability to 

produce higher value crops with ground-water; or the relative availability of ground­

water in many areas (Hook et al, 2005). The FRB also has the highest volume of ground~ 

water withdrawn for irrigation in the State (123 billion gal/yr in 2002) and the highest 

volume of surface-water withdrawn for irrigation (27 billion gal/yr in 2002). The FRB 

has the second highest basin-wide mean irrigation application depth (1 .02 in/yr) after the 

Ochlockonee River Basin; and the highest percentage of area under irrigation. It is 

important to note that the irrigation volumes applied are quite small when compared to 

the amount of annual precipitation (Hook et al, 2005). 

5.3 Municipal and industrial ground-water withdrawal permitting 

5 .3 .1 Municipal and industrial ground-water permitting 

The Georgia Groundwater Use Act of 1972 requires all non-agricultural ground-water 

users (i.e. municipal and industrial users statewide and in addition, recreational turf 

irrigation (golf courses) in the four coastal counties of Bryan, Chatharn, Effingham and 

Glynn) or projected users of more than 100,000 gpd for any purpose to obtain a Ground­

water Use Permit from EPD. 

For a complete ground-water withdrawal application, at a minimum the following forms 

and information are required (O.C.G.A. 12-5-96 et seq.): 

• Part A Form: General system and contact information, along with maximum monthly 

and annual average requested from an aquifer, for a specific defined use. Sufficient 

justification of the requested water amount is essential. Justification, including current 

needs and future water demand projections, population growth, . business growth, 
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annexation or any additional factors related to increased (or an explanation for decreased) 

water usage, must be provided to determine if the water can be allocated. 

• Part B Form: Drillers log of each system well indicating depth and lithologies to allow 

a determination of the source aquifer used. Also ·specific well construction/completion 

information such. as casing size, depths, and screened interval, is required. Location 

maps of the wells must be provided. 

• Ground-water Use Report: Provide tbe previous, historic water use for a system or 

operation along with required repo1ting of monthly production values, sent to EPD every 

six months. This is to justify the amount of water needed and to assure permit 

compliance with production li,mits once a permit is issued. 

• Water Conservation Plau: A permittee must incorporate water conservation into 

long-term water demand and supply planning following an approved outline for 

developing an effective water conservation plan based upon specific needs and conditions 

of the water system. This provides EPD with adequate information showing the applicant 

is a good stewa.rd of the ground-water resource, and making efficient use of the water. 

This material defines current and proposed 20-year plans for discouraging waste and 

encouraging conservation. 

• Water Conservation 5 year report: A requirement of the Jaw is that five years after 

permit issuance, the permit holder must provide to EPD a synopsis of their water usage 

over the previous five years. This must include an accounting of previous and current 

water conservation efforts and their impact, along with a description of future plans to 

increase efficiency. An applicant must also explain where their wastewater goes once the 

grmuld-water is used. This is to assure that the treatment option is large enough to be 

able to handle the amount of water withdrawn. 

• Service Delivery Strategy: Municipal users must provide documentation that their 

water withdrawal, in some defined service delivery area, is consistent with the County 
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planning and the planning of neighboring municipalities, to avoid duplication of services 

in any area. EPD cannot issue a withdrawal permit if such a service delivery agreement 

is not provided. 

Other information may be required depending on the particular situation or the amount of 

water requested. This may include detailed hydrologic testing to assure that the aquifer 

can deliver adequate water without detrimental impacts to other users. 

Once a complete ground-water withdrawal application is received, EPD will then place 

the list of applicants out for at least 30 days of public comment. If there is limited public 

interest in an application, this will tbeo be followed by at least 30 days of public notice on 

the draft permit. Only after these comment perrods are complete does the Director of 

EPD recommend any municipal and industrial ground-water permit for approval. If at 

any stage of the permitting process sufficient internal or external comments or questions 

are received, the applicant must provide adequate information to address those concerns. 

In select cases an official public hearing on the application might be scheduled by £PD. 

In any case, after an analysis of all the above materials, taking into account hydrologic 

impacts and the operation's need for the water, any application for a ground-water 

withdrawal permit might either be approved and a permit issued, or a permit denied. 

There is no requirement that a municipal or industrial ground-water withdrawal permit be 

issued to every applicant. 

[f approved, an EPD issued Ground-water Use Permit identifies the allowable monthly 

average and annual average withdrawal maximum, sets a permit expiration date 

(generally ten years out), defines a specific withdrawal purpose, accounts for fhe number 

of wells allowed, and enumerates standard and any additional special conditions for 

ground-water resource use. Standard conditions define statutory provisions, permit 

transfor restrictions and reporting requirements (e.g. semi~annual ground-\.Vater use 

reports), while special conditions identify such things as the source aquifer and 

conditions of well replacement, or any unique requirements specific to this permit. 
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Failure to follow any of the required permit conditions can result in compliance actions 

being taken against the permit holder, up to and including permit revocation. 

Once a ground-water withdrawal permit is issued to any party, any changes in permit 

operator, pennitted water withdrawal amount, number of wells allowable, the defined 

permitted use of the water, standard or special conditions, etcetera, can only occur with 

written EPD approval and the issuance of a modified withdrawal permit. 

5.4 Municipal and industrial surface-water withdrawal permitting 

The Georgia Water Quality Control Act requires that an EPD-issued Surface-water 

Withdrawal Permit be sought and obtained by all those users of surface-waters who 

intend to withdraw, divert, or impound water at a rate of at least 100,000 gallons per day 

(on monthly average basis). The Permit identifies the allowable monthly average and 

24-hour maximum withdrawal rates, permit expiration date, designated withdrawal 

purpose, source of water, and standard and any special conditions for resource use. 

To obtain a withdrawal permit, the Rules for Water Quality Control (391-3-6) require 

submitting a pennit application to EPD. This application requires infonnation about 

proposed withdrawal location, historic water use, water demand projections, water 

conservation, drought contingency planning, and other pertinent information on the 

water's source. Municipal and Industrial surface-water users must report their monthly 

water use to EPD. EPD requires, among other things, the following of a permit applicant 

before a draft permit can be developed and made available for public review prior to the 

issuance of a Surface-water Withdrawal Permit: 

1. EPD requires every applicant to develop a Water Conservation Plan that 

addresses items such as system management, plant management, ratemaking 

policies, plumbing ordinances, recycle and reuse, public education, long range 

planning forecasts, etc. The applicant is required to track statistics such as per 

capita use; and un-accounted for water and report trends in the service areas 

via Water Conservation Progress Reports. 
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· 2. EPD requires every applicant to develop a Drought Contingency Plan aimed 

at reducing water use during critical low flow periods. Additionally the 

applicant must defer to the Georgia · Drought Management Plan (which 

restricts all outdoor water use to 3 days per week even during non-drought 

periods) when it is more stringent. 

3. EPD requires every applicant to maintain a base stream-flow (non-depletable 

flow) below the intake to provide for the aquatic habitats and downstream 

needs. 

4. EPD requires every applicant within one of the 16 counties of the 

Metropolitan North Georgia Water Planning District to operate in accord with 

District's Water Supply and Water Conservation Management Plan. 

EPD is empowered to modify or revoke any permit if the withdrawal is not in 

compliance with the terms of the permit or if there is an unreasonable adverse effect upon 

other water uses or users in the area. EPD may deny a permit application if the 

application is found to be contrary to the public interest or general welfare. 

Enforcement authority 

Under the Rules and Statutes referenced above, EPD has the legal authority to enforce 

violations of permit conditions. EPD also has the right to conduct investigations into 

permit violations and to enter any property, public ot private, to conduct such 

investigations with or without the consent of the pemiit holder. When the Director of 

EPD has reason to believe that a permit violation has occurred, he or she shall attempt to 

remedy the violation by conference, conciliation, or persuasion. If this approach fails, the 

Director may issue an order requiring compliance by the violator, and file this order in 

the superior court of the county where the violation is taking place. The permittee may 

appeal the order and obtain a hearing. On the basis of this hearing, EPD shall continue 

the order, revoke it, or modify it. If a person or entity fails to comply with the final order, 

they are liable for a civil penalty not to exceed $1,000.00 per day for each violation, and 
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an additfonal civil penalty not to exceed $500.00 for each day during which the violation 

continues. 

5.5 Permitted municipal and industrial withdrawals 

In the FRB, permitted municipal and industrial water use 1s substantially less than 

agricultural water use. Most of the surface-water usage is in tbe northern part of the 

basin; i.e. in the Piedmont region north of the fall line (Table 5.3). 

Permitted municipal and industrial surface-water withdrawals in the Flint River Basin 

County Facility Pem,it Source Monthly avge. Monthly 
number (MGD) average use 

(2004 
Clayton Clayton County Waler Aulh • 031-1101 -01 M J.W. Smith Res./Shoal Cr. 17 4.4 

Shoal 
Coweta Senoia, City Of 038-1102-05 M Hutchins Lake 0,3 .223 
Fayette Board Of Commissioners Of 056-1102-09 M Line Cr (McIntosh Site) 2 0.000 

Fayette Co. 
Fayette Board Of Comrnlssioners Of ·056-1102-10 M 1/vhitewaler Creek 2 .734 

Fayette Co. 
Fayette Fayette County Waler System 056-11 02-03 M Lake Peachtree 0.5 1.70 
Fayette Fayette County Water System 056-1102-12 M Horton Creek Reservo(r 14 6.9 
Fayette Fayetteville, City Of 056-1102-14 M Whitewater Creek 3 1.142 
Macon WeyerhaeuserCompany 094-1191-01 I Fllnl River 12 10.189 

Meriwether Roosevelt Warm Springs Rehab 099-1106-04 M Cascade Creek 0.14 .144 
Meriwether Woodbury, City Of 099-1106-02 M Cain Cr Res On Pond Cr 0.5 , 167 

Pike Gnffin, City of 114-1104-03 M Still Branch Reservoir 42 0 
Pike Zebulon, City Of 114-1104-01 M Elkins Creek 0,3 0 

Spalding Griffin, City Of 126-1190-01 M Flint River 12 8.479 
Talbot Manchester, City of 1 30-1 1 06-05 M Rush Creek Reservoir 1.44 1.015 
TaylOf Unimin Georgia Company. L.P. 133-1109-01 I Remote Pond on Black 1.73 1.344 

Creek 
Taylor Unimin Georgia Company. L.P. 133-1109-02 I Black Creek (Remoie Jr.) 0.38 .353 
Upson Southern Mills, lne- 145-1104-02 I Thundering Springs Lake 0.5 .205 
Upson Thomaston. City Of 145-1 1 05-0t M Potato Creek 3,4 0 
Upson Thomaston, City Of 145-1105-02 M Potato Creek 0.4 .015 
Upson Thomaston, Cily Of 145-1105-0S M Raw Water Cr Res 4,3 2,789 

TOTAL 117.39 50.545 
Hydropower and cooling-water 
use 

Dougherty Georgia Power Co - Plant 047-1192-01 Flint Rrver 232 232 
Mitchell 

Worth Crisp County Power Comm - 159-1112-02 Lake Black.shear 4,847.30 4,847.30 
Hydro 

Worth Crjsp County Power Comm - 159-1112-01 lake Blackshear 15 15 
Steam 

TOTAL 5502.7 5094.3 

Table 5.3: Permitted municipal and industrial surface-water withdrawals in the FRB 
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Surface-water withdrawals for hydropower usage are considered to be non-consumptive, 

as almost all of the water is returned to the river. Furthermore, in the case of the Crisp 

County Power ' s permitted withdrawals, that water is not retained or pumped out of the 

river; instead, it is locally diverted into hydropower turbines and returned immediately to 

the Flint River. Thus, its withdrawal amount is totally non-consumptive. 

Municipal and Industrial ground-water users south of the fall line withdraw water from 

the Floridan, Claiborne, Clayton, and Cretaceous aquifers.(Table 5.4). Withdrawals from 

aquifers other than the Floridan do not significantly impact streamflow. Floridan aquifer 

withdrawals are more substantial, but the total M&I withdrawals represent less than 3 % 

of agricultural irrigation withdrawals. Thus, their cumulative impact on stream-aquifer 

flux and the regional ground-water budget is negligible. 

GEORGIA GW GROUND-WATER PERMITTED PERMITTED Aquifer 
PERMIT HOLDER 

COUNTY W/D MONTHLY YEARLY 
PERMIT AVG W/D AVG W/D 
NUMBER ~GDl ~GD) 

Baker 004-0001 Newton, City of 0.250 0.250 Claiborne 
Calhoun 019-0001 Leary, City of 0.300 0.300 Claiborne, 

TaUahatta 
Calhoun 019-0002 Edison, City of 0.300 0.200 Clayton 
Calhoun 019-0003 . Arlington, City of 0.350 0.300 Floridan 
Calhoun 019-0004 Morgan, City of 0.350 0.300 Clayton 
Clayton 031-0002 Clayton County Water 0.729 0. 729 Crystalline 

Authority Rock 
Crawford 039-0001 Roberta, City of 0.240 0.180 Cretaceous 

Sand 
Crawford 039-0002 Crawford County Board of 0.300 0.250 Cretaceous 

Commissioners Sand 
Crisp 040-0001 Cordele, City of 4.100 3.000 Floridan, 

Claiborne, 
Wilcox 

Crisp 040-0002 Norbord Georgia Inc - 0.225 0.210 Floridan 
Cordele OSB Mill 

Crisp 040-0004 Crisp County - Waterworks 1.000 0.800 Claiborne 
Decatur 043-0001 Florida Rock Industries - 0.285 0.235 Floridan 

Bainbridge Sand Plant 
Decatur 043-0002 Propex Fabrics, Inc - 0.900 0.750 Floridan 

Bainbridge Mills 
Decatur 043-0003 Bainbridge, City of 5.000 4.400 Floridan 
Decatur 043-0004 Decatur County Industrial 0.650 0.550 Floridan 

Airpark 
Decatur 043-0005 Z.A. Adams Construction o.400 0.400 Floridan 

Company 
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Dooly 046-0002 Vienna, City of 2.609 2.153 Cretaceous 
Sand, 
Claiborne 

Dougherty 047-0001 Cooper Tire & Rubber 0.720 0.720 Floridan 
Company 

Dougherty 047-0002 Albany, City of- Water, Gas 36.000 24.000 Clayton, 
& Light Corn Claiborne, 

Floridan, 
Providence 

Dougherty 047-0003 Merck & Company, Inc 10.440 8.550 Floridan 

Dougherty 047-0004 Florida Rock Industries - 0.250 0.160 Floridan 
Albany Sand Plant 

Dougherty 047-0005 Procter & Gamble Paper 10.500 10.500 Floridan 
Products Company 

Dougherty 047-0007 Miller Breweries East, Inc 3.000 3.000 Clayton, 
Tallahatta 

Dougherty 047-0008 Marine Corps Logistics 2.000 1.500 Floridan, 
Base Claiborne, 

Tallahatta, 
· Wilcox, 

Clayton 
Dougherty 047-0010 Young Pecan Company - 0.180 0.100 Floridan 

Nut Tree Division 
Dougherty 047-0011 Doublegate Country Club 0.720 0.720 Floridan 

Dougherty 047-0012 Georgia Power Company - 0.250 0.250 Floridan 
Plant Mitchell 

Dougherty 047-0013 Barton Brands / Viking 0.200 0.200 Clayton, 
Distillery, Inc Floridan 

Fayette 056-0001 Fayette County Water 0.875 0.825 Crystalline 
System Rock 

Fayette - 056-0002 Fayetteville, City of 0.937 0.937 Crystalline 
Rock 

Fulton 060-0005 Ford Motor Co -Atlanta 0.291 0.291 Crystalline 
Assembly Plant Rock 

Lee 088-0001 Leesburg, City of 0.320 0.300 Tallahatta, 
Wilcox, 
Paleocene 

Lee 088-0002 Lee County Utilities 2.500 2.000 Claiborne, 
Authority Clayton, 

Providence 
Macon 094-0001 Montezuma, City of 1.250 0.810 Cretaceous 

Sand 
Macon 094-0002 Flint River Foods 2.000 1.000 Cretaceous 

Sand 
Macon 094-0003 Marshallville,City of 0.155 0.120 Cretaceous 

Sand 
Macon 094-0004 C-E Minerals - Plant #5 0.100 0.100 Midway, 

Mulcoa Providence 
Macon 094-0005 Weyerhaeuser Company - 1.836 1.836 Cretaceous 

Flint River Operations Sand 
Macon 094-0006 Oglethorpe, City of 0.370 0.330 Cretaceous 

Sand 
Marion 096-0001 Buena Vista, City of 2.000 1.750 Cretaceous 

Sand 
Marion 096-0002 Marion County Water 0.637 0.482 Cretaceous 

System Sand 
Meriwether 099-0003 Georgia-Pacific - Warm 0.200 0.200 Crystalline 

Springs Plywood Rock 
Miller 100-0001 Colquitt, City of 1.000 0.800 Floridan 
Mitchell 101-0002 Camilla, City of 5.500 5.000 Floridan 
MitcheJI 101-0003 Mitchell County - State 0.300 0.300 Floridan, 
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Prison Oligocene 
Mitchell 101-0004 Gum Pond, LLC - Power 1.100 1.100 Floridan 

Plant 
Randolph 120-0001 Cuthbert, City of l.000 0.800 Clayton, 

Providence 
(K) 

Randolph 120-0002 Shellman, City of 0.180 0.150 Clayton 
Randolph 120-0003 Georgia Feed Products, Inc 0.200 0.200 Clayton 
Schley 123-0001 Ellaville, City of 0.350 0.275 Cretaceous 

Sand 
Schley 123-0002 Schley County Board of 0.133 0.100 Cretaceous 

Commissioners Sand 
Seminole 125-0001 Donalsonville, City of 1.000 0.800 Floridan 
Spalding · 126-0001 . Griffin, City of 1.461 1.461 Crystalline 

Rock 
Stewart 128-0001 Richland, City of 0.100 0.100 Cretaceous 

Sand 
Sumter 129-0001 Americus, City of 4.200 3.750 Cretaceous 

Sand 
Sumter 129-0002 Plains, City of 0.220 0.195 Claiborne 

(Tallahatta) 
Sumter 129-0003 · C. E. Minerals - Plant# 1 0.360 0.360 Cretaceous 

Sand 
Sumter 129-0004 C. E. Minerals - Plant #2 0.684 0.684 Cretaceous 

Sand 
Talbot 130-0001 Talbotton, City of 0.200 0.200 Crystalline 

Rock 
Taylor 133-0002 Reynolds, City of 0.450 0.255 Cretaceous 

Sand 
Taylor 133-0003 Butler, City of 0.750 0.550 Cretaceous 

Sand 
Taylor 133-0004 Natural Water, LLC 0.500 0.500 Cretaceous 

Sand 
Terrell 135-0001 Dawson, City of 3.000 2.000 Clayton 
Upson 145-0001 Sunset Village Water 0.106 0.106 Crystalline 

System (Ueson Countyl Rock 

Active Active 
Monthly Annual 
Permitted Permitted 

ActivcGW 118.513 95.374 
permits ....... PERMITTED mgd mgd 
TOTALS 
................................. 

Table 5.4: Permitted municipal and industrial ground-water withdrawals in the FRB 
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SECTION 6: HYDROLOGIC MODELS IN THE LOWER FLINT RIVER BASIN 

6.1 Ground-water models 

6.1.1 Model area and boundaries 

The flow of water between the Floridan aquifer and streams in the lower FRB was 

mathematically simulated using the USGS' Modular Finite Element Model (MODFE) 

(Cooley, 1992; Torak, 1993). The part of southwestern Georgia and adjacent parts of 

Florida and Alabama where the Floridan aquifer is in hydraulic connection with surface­

water is referred to as "~ubarea 4", one of eight divisions delineated for the ACT-ACF 

Comprehensive Study. Although Subarea 4 extends outside of Georgia, subsequent 

discussion of it and the ground-water models will only relate to the part inside Georgia 

(Fig. 6.0). 

Model boundaries are discontinuities in aquifer extent and hydrologic properties that 

influence the flow of water in an aquifer area (Torak, 1992). Water can enter or leave a 

model area across the boundaries. Model boundaries may be external, such as the 

physical extent of an aquifer, or internal to the model area, such as a stream. The 

northern boundary of Subarea 4 is defined by the approximate up-d ip limit of the Ocala 

Limestone. The southeastern boundary was originally de5ned by the existence of a no­

ilow boundary, a ground-water "divide'' that separates easterly ground-water flow into 

the FRB from westerly flow out of the basin and Subarea 4 (Torak and McDowell, 1996). 

Subsequent modeling indicated that this divide is not entirely a no-flow boundary. 

Ground-water can and does 0ow across it into and out of Subarea 4, although more than 

half it does indeed act as a no-flow boundary (Jones and Torak, in review). 
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Figure 6.1: MOD FE model area, showing finite-element mesh, model bouudades, and 
simulated stream segments 
(Jones and Torak, in review). 
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Internal boundaries in the model area consist of: 1) streams that can receive water from 

the Floridan aquifer, supply water to the aquifer, or both; 2) the outcrop of the Ocala 

Limestone; and 3) the sediments and soils overlying the Floridan aquifer (overburden). 

Whether water leaves or enters the Floridan aquifer, or the model area, depends on the 

head difference between the aquifer and the overburden; the aquifer and outcrop area; the 

aquifer and surface streams; or the model area and the area outside of it. The direction of 

water flow across a boundary may change through time as water levels change due, for 

example, to season.al fluctuations in aquifer head or to pumping-induced changes in head. 

6.1.2 Model application and results 

MODFE is based on the complex mathematical relationships that govern fluid flow in 

aquifers. To simulate the stream-aquifer system in two or three dimensions, the model 

employs a detailed grid, or mesh, consisting of triangular "elements" that graphically 

represent the complex drainage network and extent of the Floridan aquifer in Subarea 4, . 

and the potentiometric surface of the Floridan aquifer (Fig. 6.1). For each triangular 

element, a hydraulic head is assigned to the comers (nodes) such that the slope of the 

potentiometric surface can be calculated for that element. Pumping wells are also located 

at element nodes (Torak, 1992). Using 1) water levels in the Floridan aquifer as 

measured in observation wells; 2) hydraulic properties of the aquifer as determined by 

aquifer tests performed throughout Subarea 4; 3) water levels in the overburden as 

measured in observation wells; 4) stream levels; and 5) pumping rates at model mesh 

nodes, MODFE can simulate the movement of water across the model boundaries, 

especially between streams and the Floridan aquifer (Torak 1993, Torak and McDowell, 

1996). This can be done for steady state conditions, when the flow of water between the 

stream and aquifer is occurring at a constant rate, or for transient conditions, when 

stream-aquifer flow and pumping rate are changing through time. For the FRB Plan, 

transient conditions were simulated to see how the stream-aquifer flow changed as 

irrigation amounts and aquifer head changed during a drought year. 
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Calculated volumes of water flowing across all external and internal model boundaries 

are expressed as individual components of a total water budget. The budgets are broken 

into main categories: recharge and discharge. Recharge budget components consist of 

downward leakage of water from the overburden, direct infiltration of water into the 

aquifer, regional ground-water flow entering the model area from outside Subarea 4, 

water that enters the aquifer from its outcrop exposures, and water that seeps into the 

aquifer from losing streams. Discharge budget components consist of water flowing 

from the aquifer into the streams, water pumped from wells, water leaving the model area 

to regional ground-water flow, water leaking upwards into the overburden, water leaking 

out of the outcrop area, and water discharging to springs (Torak and McDowell, 1996). 

6 .1.3 Water budget analysis 

A principal goal of the stream-aquifer modeling was to determine, in the water budget of 

the model area, what portion of the ground-water used for irrigation is intercepted base 

flow. In other words, how much of the water pumped from the Floridan aquifer would 

otherwise have seeped into the Flint River and its tributaries? Water pumped from the 

Floridan aquifer is derived from storage within the aquifer, infiltration from the Floridan 

aquifer outcrop, downward leakage from the overburden, regional ground-water flow, 

and intercepted base flow to streams. Using precipitation records, well levels, and 

metered irrigation usage derived from the A WP Study, the transient model simulated 

monthly changes to the ground-water budget for the drought period extending from 

March 2001 to February 2002. Results were calculated as percentages of total change in 

the water budget components for all of Subarea 4 and the percentage of ground-water 

withdrawals comprised of those components (Fig. 6.2). 

Because of differing pumping rates throughout the year and changing hydrologic 

conditions, the proportion of water coming from different budget components . likewise 

varied. For example, in July 2001, when ground-water withdrawals were the highest for 

that year, 28% of the water pumped came from intercepted base flow (Fig. 6.2). 
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figure 30. Simulated change in ground-water-budget components and storage gain or loss fn the Upper Floridan aquifer 
due to irrigation pumpage for the March 2001February 20021ranslont lower Flint River Basin model. 
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Figure 6.2. Simulated changes in ground-water budget components in the Floridan 
aquifer caused by pumpage from March 2001-February 2002 
(L.E. Jones,in review). 
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Approximately 33% was derived from the overburden (i.e. local rainfall a_nd recharge); 

9% came from intercepted regional flow, 30% was derived from aquifer storage, and only 

1 % was derived from outcrops of the aquifer (Jones and Torak, in review). In other 

words, for every million gallons per day of water pumped from the Floridan aquifer in 

July 2001, streamflow in the entire Subarea 4 portion of the FRB was reduced by 280,000 

gallons per day. The percentage of ground-water withdrawals derived from intercepted 

base flow varies from month to month, but during the 6-month growing season of 2001 

the ratio of pumpage to intercepted base flow never exceeded 49%. · Other monthly water 

budget analyses can be seen in Figure 6.2. It is important to realize that these percentages 

can and do change every year as hydrologic conditions change; therefore, it is difficult to 

apply one particular percentage of base flow reduction when calculating_ the effect of 

ground-water withdrawals on the Flint River and its tributaries. However, it may be 

reasonably assumed that the percentages shown in the figure below represent the 

approximate range of base flow decreases in a severe drought year. 

Previous studies simulating steady-state conditions ( e.g. Torak and McDowell, 1996) 

indicated a base flow reduction ratio of 0.61, such that for every one million gallons of 

ground-water pumped per day streamflow was reduced by 610,000 gpd. However, 

accurate measurements of irrigation volumes and new information on aquifer properties 

were not available to those studies. Irrigation pumping rates and depths used for the 

steady-state model were almost certainly too high, and it is unlikely that steady-state 

conditions are ever reached at the simulated pumping rates. Thus, the ratio of base flow 

reduction was overestimated. 

6.1.4 Base flow reduction by HUC-12 and HUC-8 sub-basin 

The USGS Subarea 4 model was adapted by EPD to analyze water budgets for three sub­

basins of the FRB: Ichawaynochaway Creek, Spring Creek, and the lower Flint River 

(Fig 6.3). Water budget components were calculated for individual stream reaches in 

Subarea 4, using normal and drought year conditions and irrigation depths. The latter 

were compiled using the highest monthly values of irrigation measured during the 1998-
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2002 drought. "Normal year" irrigation depths were compiled using measured irrigation 

depths from 2003-2004. Results were expressed in terms of streamflow reduction in 

cubic feet per second for individual HUC-12 watersheds, for the entire sub-basin, and for 

each major stream gauge. Modeled stream reaches are shown in Figure 6.1, and the 

HUC-12 watersheds associated with these reaches are shown in Figures 12.1 

(Ichawaynochaway Creek sub-basin), I.2-11 (Spring Creek sub-basin), and. I.2-20 

(Lower Flint River sub-basin). Tables 6.1 (a)-(c) shows calculated reductions in 

streamflow caused by reduced ground-water discharge to HUC-12 watersheds. Color 

coding of the table columns matches the color coding ofHUC-12's shown in Figures 0.2-

0.5. 
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BASEFLOW REDUCTION IN HUC-12 WATERSHEDS OF ICHAWAVNOCHAWAY SUB-BASIN (CFS) 

Current irrigated acres (drought year) 

Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

15 
0.0 
0.0 
0.0 
o.o 
0.0 
0.1 
0.1 
0.0 
0.0 
0.1 

16 17 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.1 0.0 
0.1 0-.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

18 19 
0.0 0.1 
0.0 0.2 
0.0 O.G 
0.1 1.1 
0.1 1.2 
0.1 1.4 
0.1 1.1 
0.1 0.6 
0.1 0.7 
0.1 0.5 

22 23 
0.1 0.1 
0.0 0.'2 
0.0 0.7' 
0.0 0.9 

0.0 1.0 
0.0 'L1 
0.0 0.8 

0.0 0.4 

0.0 0.3 
0.0 0.2 

Current irrigated acres+ 'backlog' (drought year) 

Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

15 
· 0.0 

0.0 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

16 17 18 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.1 0.0 0.0 
0.1 0.0 0.1 
0.1 0.0 0.1 

. 0.1 0.0 0.1 
0.1 0.0 0.1 
0.1 0.0 0.1 
0.1 0.0 0.1 
0.1 0.0 0.1 

19 22 23 
0.1 0.1 (!.1 

0.2 0.0 0.2 
0.8 0.0 0.8 
1.4 o.o 1.1 
i.5 0.0 ,. ~ .. ..; 
1.7 0.0 1.2 
1.4 0.0 0.5 
0.8 0.0 0.4 
0.9 0.0 0.4 
0.7 0.0 0.3 

23 
0.0 
0.1 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

23 
0.0 
0.1 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

HUC-12 
24 25 26 35 37 39 40 
0.1 0.0 0.0 0.0 0.0 0.1 0.5 
0.2 0.0 0.0 0.0 0.0 0.4 1.5 
0.6 0.0 0.0 0.0 0.0 ·1.s 4.6 
0.7 0.0 0.0 0.0 0.1 2.7 7.6 
0.9 0.0 0.0 0.0 0.1 4 .0 10.6 
1.0 0.0 0.0 0.0 0.0 5.4 13.5 
0.6 0.0 0.0 0.0 0.0 6.2 13.0 
0.2 0.0 0.0 0.0 0.0 6.<l 11.4 
0.2 0.0 0.0 0.0 0.0 5 .7 10.1 
0.1 0.0 0.0 0.0 0.0 5.-3 8.7 

HUC-12 
24 25 26 35 37 39 40 

0,1 0.0 0.0 0.0 0.1 0.2 0.6 
0.2 0.0 0.0 0.0 0.0 0.5 1.7 
0.7 0.0 0.0 0.0 0.1 1.7 5.4 
0.9 0.0 0.0 0.0 0.1 2.9 8.6 
1.0 0.0 0.0 0.0 0.1 · 4.2 11.6 
1.1 0.0 0.0 0.0 0.1 5.~ 14.5 

0.7 0.0 o.o 0.0 0.0 6.4 13.8 

0.2 0.0 0.0 0.0 0.0 6.3 12.0 
0.2 0.0 0.0 0.0 0.0 (HJ 10.6 
0.1 0.0 0.0 0.0 0.0 5.5 9.2 _ 
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41 42 43 SUM 
0.8 0.0 0.0 2.0 
1.5 0.1 0.0 4.3 
5.9 0.2 0.1 14.4 
7.8 0.3 0.2 21.7 
9.8 0.4 0.2 ~8,4 

11.8 0.5 0 .3 35.3 
5.0 0.2 0.3 ·27.5 
1.6 0.1 0.3 20.7 
1.2 0.1 0.3 18.8 
0.7 0.0 0.3 16.0 

41 42 43 SUM 
0.9 0.0 0.03 2.36 
2.0 0.1 0.05 5.05 
8.2 0.3 0.13 18.3 

10.4 0.4 0.29 26.8 
11.9 0.5 0.32 32.7 
13.5 0.6 0.35 39 
5.9 0.3 0.41 30.2 
1.9 0.1 0.35 -22.4 

1.4 0.1 0.4 20.3 
0.9 0.1 0.36 17.5 

Table 6.1 (a); Calcnlated stream0ow reduction due to irrigation pumping from the Floridan aquifer, simula ted for HUC-12 watersheds 
in Ichawayuochaway Creek sub-basin fm drought years (cubic feet/sec .) 
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BASEFLOW REDUCTION IN HUC-12 WATERSHEDS OF SPRING CREEK SUB-BASIN 
{CFS) 

Curren · · t d t 1rr1 Ja e 

mar 
apr 
may 

jun 
jul 
aug 
sep 
oct 
nov 
dee 

2 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

4 

0.0 

0.1 

0.4 

0.5 

0.4 

0.3 

0.2 

0.1 

0.1 

0.1 

acres (d 
5 6 

C.1 0.0 

(l,3 0.1 

·1.s 0.3 

2.1 0.3 

1.7 0.3 

1.4 0.3 

O.ll 0.2 

0.3 0.1 

o.i 0.1 

0.2 0.1 

roug ht year 
7 8 9 10 11 

0.0 0.3 0.2 0.2 0.0 

0.0 !J.!i 0.6 o.s 0.0 

0.0 ·1.0 3.1 2.1 0.0 

0.0 1..4 3.S 2.6 0.0 

0.0 1.0 2.S 2.1 0.0 

0.0 0.9 2.4 1.8 0.0 

0.0 0.7 1.t ·1.3 0.0 

0.0 0.'.1 0.6 0.6 0.0 

0.0 O.:l 0,. .'t U.5 0.0 

0.0 0.1 01.3 0 ., -~ 0.0 

Curren t irricJated acres+ 'backlog' (drought year 

mar 
apr 
may 
jun 
jul 
aug 
sep 
oct 
nov 
dee 

2 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

4 

0.0 

0.1 

0.5 

0.6 

0.5 

0.4 

0.3 

0.2 
0.2 

0.2 

5 6 

0.2 0.0 

0.4 0.1 

2.0 0.3 

2.4 0.4 

·J.9 0,4 

1.6 0.3 

O}) 0.2 

O.:l 0.2 

0.:2 0.2 

0.;2 0.1 

7 8 9 10 11 

0.0 0.3 0.3 0.2 0.0 

0 .0 0.6 o.s ().!; 0.0 

0.0 u J,~), 2,3 0.0 

0.0 1.4 3.8 '2.7 0.0 

0.0 1.-1 3.1 2.J 0.0 

0.0 O.!l 2.$ 2.0 0.0 

0.0 0.7 u '14 0.0 
0.0 o.a 0,1 0.7 0.0 

0.0 0.3 o.s o.s 0.0 

0.0 0.2 0.3 0.3 0.0 

H u C-12 
14 15 16 17 18 19 20 21 

M 0.1 0.0 0.0 0.2 O.l 0.2 0.7 

0.4 0.3 0.0 0.0 OA 0.4 0.5 1.6 

1.2 •J:I 0.0 o.o u; 0.8 i .S 5.1 

i.4 1A 0.0 0.0 2.2 1.2 2.6 6.7 

-J.2 1.2 0.0 0.0 1.9 0.9 2.2 5.4 

'1.1 1:1 0.0 0.0 -1.7 o.a 2.0 4.8 

0.8 0.6 0.0 0.0 1.5 0 .8 1..8 4.0 

0 ~3 0.2 0.0 0.0 0.!l 0.4 1.0 1.9 

0.2 0 . .2 0.0 0.0 !1.6 0.4 0.8 1.4 

0,2 0.1 o.o 0.0 0.3 0.2 M 0.8 

HUC-12 
14 15 16 17 18 19 20 21 

0.2 0.1 0.0 0.0 0.2 0.4 0.2 0.7 

0.4 Q.3 0.0 0.0 (1.!'i 0.5 !},G 1.7 

1.2 M 0.0 0.0 •l.'l 0.8 2.(J 5.3 

1.4 1.4 0.0 o.o 2.3 1.2 2.7 6.9 

·1.2 ., ,2 0.0 0.0 2.0 o.9 2.4 5.6 

1.1 '1.1 0.0 0.0 1.9 0.8 2.2 · 5.1 

0.8 0.7 0.0 0.0 '1,6 0.3 2.0 4.4 

0.3 0.3 0.0 0.0 'I.(! 0.5 1.2 2.2 

0.2 O.:t 0.0 0.0 0.8 O'" ,.) 0.9 1.7 

0.2 0.1 0.0 0.0 o.~ O,?. 0.4 0.9 
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22 23 24 25 26 27 28 29 30 31 33 34 35 

0.0 0.2 0.0 Q" .,., 0.7 0.0 1.9 0.8 1.7 0.;! 0.0 0.1 0.8 

0.0 0.1 0.0 0.5 1.7 0.0 4.4 1.9 3.9 0.5 0.0 0.2 2.0 

0.0 0.0 0.0 2.0 7.7 0.0 21.1 9.3 18.8 2.7 0.2 0.5 9.4 

0.0 0.0 0.0 :ZA 9.2 0.0 24.6 10.7 21.3 3:1 0.2 D.9 10.4 

0.0 0.0 0.0 2.0 7.6 0.0 20.2 8.7 17.4 2.5 0.2 0.6 8.6 

0.0 0.0 0.0 1.7 6.5 0.0 17.1 7.3 14.7 2.0 0.1 0.5 7.3 

0.0 o.o 0.0 1 . .2 4.5 0,0 11 .1 4.6 9.4 1.1 0.1 0.3 4.7 

0.0 0.0 0.0 0.£ 1.9 0.0 4.3 1.7 3.1 0.4 0.0 0.1 1.4 

0.0 0.0 0.0 0.4 1.4 0.0 3.1 1.2 2.2 0.3 0.0 0.1 1.0 

0.0 0.0 0.0 0.3 0.9 0.0 2.2 0.9 1.8 0,2 0.0 0.1 0.8 

22 23 24 25 26 27 28 29 30 31 33 34 35 

0.0 0.2 o.o 0.3 0.8 o.o 2 .1 1.0 2.0 0.2 0.0 0.1 1.0 

0.0 0.1 0.0 0.6 1.9 0.0 5.0 2.2 4.6 0.6 0.0 0.2 2.3 

0.0 0.0 0.0 2.1 8.3 0.0 23.1 10.4 21.2 2:9 0.2 0.6 10.6 

0.0 0.0 0.0 2.6 9.8 0.0 26.6 11.8 23.7 3.3 0.3 1.0 11.7 

0.0 0.0 0.0 2.1 8.3 0.0 22.4 9.9 19.9 2.6 0.2 0.7 9.8 

0.0 0.0 0.0 1.8 7.2 0.0 19.1 8.4 16.9 2.1 0.2 0.6 8.4 

0.0 0.0 0.0 'l.4 5.1 0 .. 0 12.8 5.5 11.3 1.2 0.1 0.4 5,8 

0.0 0.0 0.0 0,6 2.2 0.0 4.9 1.9 3.6 0.4 0.0 0.1 1.7 

0,0 0.0 0.0 0.4 1.6 0.0 3.6 1.4 2.6 0,3 0.0 0.1 1.2 

0.0 0.0 0.0 0.3 1.0 o.o 2.5 1.0 2.0 0.3 0.0 0.1 0.9 

Table 6. J (b ): Calculated stream flow reduction due to irrigation ptm1ping from the Floridan aquifer, simulated for HUC-12 watersheds 
in Spring Creek sub-basin for drought years (cubic feet/sec.) 

SUM 
9.1 

21 .1 
92.1 

108.8 
89.0 
75.8 
51.2 
20.4 
14.9 
10.2 

SUM 
10.4 
23.9 

100.9 
118.2 
98.5 
84.6 
59.0 
23.4 
17.5 
11.4 
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BASEFLOW REDUCTION IN HUC-12 WATERSHEDS OF LOWER FLINT SUB-BASIN (CFS) 

Current irrigated acres (drought year) 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

1 
0.0 

o.o 
0.1 

0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 

3 5 

0.0 0.0 

0.0 0.4 
0.4 7.4 

0.3 8.8 
0.0 26.4 
0.4 34.6 
0.0 35.4 
0.0 37.0 
0.0 38.7 
0.0 24.4 
o.o 19.1 
0.0 15.9 

6 8 s 
0.0 0.0 0.7 
o.o 0.0 0.7 
0.0 0.6 3.2 
0.0 1.0 6.2 
0.0 1.5 15.1 
0.0 2.9 18.(l 

0.0 1.7 "\8.2 

0.0 1.2 18.4 
0.0 1.4 •Ja.a 
0.0 0.6 ·l1.1 
0.0 0.3 8-.3 
0.0 0.3 G.2 

10 11 12 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.1 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

Current irrigated acres + 'backlog' (drought year) 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 

Sep 
Oct 
Nov 
Dec 

1 
0.0 
0.0 

0.1 
0.0 
0.0 
0.0 
0.0 

o.o 
0.0 
0.0 
0.0 
0.0 

3 
0.0 
0.0 

0.5 
0.3 
0.0 
0.4 
0.0 

o.o 
0.0 
0.0 
0.0 
0.0 

5 6 
0.0 0.0 
0.4 o.o 
7.7 0.0 
9.4 0.0 

28.2 0.0 
37.1 o.o 
38.3 0.0 
40.0 o.o 
41.8 0.0 
26.9 0.0 
21.3 0.0 
17.8 0.0 

8 9 10 11 12 
0.0 0.7 0.0 0.0 0.0 
o.o 0.7 0.0 0.0 o.o 
0.6 3.5 0.0 0.0 0.0 
1.1 S.8 0.0 0.0 0.0 
1.6 '!6.7 0.0 0.0 0.0 

3.2 10.2 0.0 0.1 0.0 
1.8 20.6 0.0 0.0 0.0 
1.3 20.'1 0.0 0.0 0.0 
1.4 21.0 0.0 0.0 0.0 
0.6 12.7 0.0 0.0 0.0 
0.4 S.7 0.0 0.0 0.0 
0.3 7.1 0.0 0.0 0.0 

HUC-12 
13 15 -rn 17 20 21 22 23 
0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 3A 0.0 0.0 0.0 0.0 2.1 
0.0 0.0 6.4 0.0 0.0 0.0 0.0 6.5 
0.0 0.0 15.3 0.0 0.0 0.0 0.0 20.0 
0.0 0.0 '18.2 0.0 0.0 0.0 0.0 29.6 
0.0 0.0 'l7.4 0.0 0.0 0.0 0.0 35.9 
0.0 0.0 17.1 0.0 0.0 0.0 0.0 39.3 
0.0 0.0 17.9 0,0 0.0 0.0 0.0 41.4 
0.0 0.0 9.9 0.0 0.0 0.0 0.0 34.8 
0.0 0.0 7.2 0.0 0.0 0.0 0.0 27.2 
0.0 0.0 5.1 0.0 0.0 0.0 0.0 20.8 

HUC-12 
13 15 16 17 20 21 22 23 

0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.4 o.o 0.0 0.0 0.0 0.0 

0.0 0.0 3.6 0.0 o.o 0.0 0.0 2.2 
0.0 0.0 ~.9 0.0 0.0 0.0 0.0 7.0 
0.0 0.0 16.6 0.0 0.0 0.0 0.0 21.5 

o.o 0.0 20.0 0.0 0.0 0.0 0.0 32.0 

0.0 0.0 19.1 0.0 0.0 0.0 0.0 38.8 

0.0 0.0 ·18.8 o.o 0.0 0.0 0.0 42.5 

0.0 0.0 ·19.4 0.0 0.0 0.0 0.0 44.5 
0.0 0.0 11.0 0.0 0.0 0.0 0.0 37.4 
0,0 0.0 8.0 0.0 0.0 0.0 0.0 29.5 
0.0 0.0 5.7 0.0 0.0 0.0 0.0 22.6 
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24 25 26 28 29 31 33 SUM 
0.1 0.0 1.0 0.0 0.0 0.2 0.6 3.1 
0.1 0.0 ·1.0 0.0 0.0 0 .. • .t. 0.7 3.5 
2.7 6.0 ?..5 0.0 0.0 2.1 6.4 36.9 
7.1 12.6 4.1 0.0 0.0 4.3 12.9 68.3 

22.8 46.3 13.6 0.0 o.o 16.9 36.3 214.2 
31.0 48.3 13.'7 0.0 0.0 17.1 52.0 265.8 
34.7 45.8 12.5 0.0 0.0 15.3 60.5 277.4 
36.3 44.8 11.9 0.0 0.0 '14.3 65.5 285.9 
36.6 41.3 10.4 0.0 0.0 12:.1 68.7 287.3 
25.1 13.8 3.4 0.0 0.0 3.0 55.0 181.0 
17.5 10.1 2.8 0.0 0.0 2.3 42.6 137.4 
11.8 6.0 2.0 0.0 0.0 1.4 32.2 101.7 

24 25 26 28 29 31 33 SUM 
0.1 0.0 '1.0 0.0 0.0 0.2 0.6 3.1 
0.1 0.0 1.0 0.0 0.0 0.2 0.7 3.5 
3.0 6.4 2.6 0.0 0.0 2.2 6.8 39.2 
8.0 13.6 4.4 0.0 0.0 4 . .6 13.8 73.7 

26.4 50.7 14-.. 7 0.0 0.0 18.1 39.2 233.7 
36.3 53.5 15.0 0.0 0.0 18.4 56.7 292.8 
40.0 50.5 13.6 0.0 0.0 16.5 65.9 305.3 
41.3 48.7 12.8 0.0 0.0 15.3 71.1 312.6 
4 0.5 44 .0 11.0 0.0 0.0 11.8 73.9 310.3 
27.7 15.1 3.S 0.0 0.0 3.2 59.4 197.7 
19.3 11.0 7..9 o.o 0.0 Vi 46.1 150.6 
13.1 6.6 2.1 0.0 0.0 1.G 35.1 112.1 

Table 6.1. (c): Calculated streamflow reduction due to irrigation pumping from the Floridan aquifer, simulated for HUC-12 watersheds 
in Lower Flint River sub-basin for drought years (cubic feet/sec.) 
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Table 6.2 (a)-(f) shows calculated reductions in streamflow caused by reduced ground-water 

discharge to HUC-8 sub-basins. The table columns show, from left to right, the total 

calculated streamflow reduction for the entire sub-basin; the reduction for the part of the sub­

basin upstream from the referenced gauge; the calculated reduction that would result if the 

permit backlog were issued; the calculated reduction that would result if the backlog were 

issued and irrigation volume were increased by 25%; and the observed average monthly 

streamflow at the referenced gauge. 

Table 6.2 (a): Streamflow reduction due to irrigation pumping from the Floridan aquifer, 
simulated at Milford gauge on Ichawaynochaway Creek for drought years (cubic feet/sec.) 

current acres I backlog I 1.25 x backlog 

Month 
sub-basin 

Simulated flow reduction at Mi lford (cfs) 
Observed 

(current acres) (2000) 

March 2 0.2 0.2 0.3 495 

Apr 4 0.3 0.4 0.5 379 

May 15 0.9 1.3 1.6 124 

Jun 23 1.6 2.1 2.7 42 

Jul 31 1.9 2.3 2.9 103 
Aug 38 2.2 2.6 3.2 87 

Sep 30 1.7 2.1 2.6 182 

Oct 23 1.0 1.2 1.6 138 
Nov 20 1.1 1.4 1.7 296 

Dec 17 0.9 1.1 1.4 388 

GA00185845 
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Table 6.2 (b): Streamflow reduction due to irrigation pumping from the Floridan aquifer, 
simulated at the Milford gauge on Ichawaynochaway Creek for normal years (cubic feet/sec.) 

current acres backlog 1.25 x backlog 

1/Vhole sub- Observed 
Month basin (current Simulated flow reduction at Milford (cfs) 

(1958) acres) 

March 1 0.1 0.1 0.1 1897 

Apr 3 0.2 0.2 0.3 1698 
May 9 0.6 0.8 1.0 658 

Jun 14 1.0 1.2 1.5 516 
Jul 19 1.2 1.5 1.9 575 

Aug 21 1 .2 1.5 1.9 430 
Sep 21 0.9 1.2 1.5 299 
Oct 13 0.6 0.8 0.9 298 
Nov 11 0.6 0.8 1.0 327 

Dec 9 0.5 0.6 0.8 472 

Table 6.2 (c): Streamflow reduction due to irrigation pumping from the Floridan aquifer, 
simulated at the Iron City gauge on Spring Creek for drought years ( cubic feet/sec.) 

current acres backlog 1.25 x backlog 

Vlhlole sub- Observed Month basin (current Simulated flow reduction at Iron City (cfs) 
acres) (2000) 

March 9 3.5 3.8 4 .8 262 
Aor 20 8.1 8.8 11.0 164 
May 93 30.9 32.9 41.1 25 
Jun 109 38.S 40.9 51.1 2 

Jul 88 31.4 33.7 42.1 1 
Aua 76 27.3 29.5 36.9 .13 

Sep 48 19.9 21.9 27.4 .08 

Oct 17 9.3 10.5 13.2 1 
Nov 11 7.0 8.3 10.3 10 

Dec 11 4.2 4 .7 5.9 61 
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Table 6.2 (d ): Streamflow reduction due to irrigation pumping from the Floridan aquifer, 
simulated at the Iron City gauge on Spring Creek for normal years (cubic feet/sec.) 

current acres backlog 1.25 x backlog 

Whole sub- Observed 
Month basin (current Simulated flow reduction at Iron City (cfs) 

(1958) acres) 
March 4 1.7 1.8 2.3 1625 

Apr 15 6.1 6.5 8.1 1505 
May 53 19.7 20.8 26.0 599 

Jun 58 23.1 24.6 30.7 458 
Jul 56 20.8 22.6 28.3 486 

Aug 47 17.8 19.6 24.5 396 
Sep 47 11.0 U.3 15.4 166 
Oct 10 3.9 4.4 5.5 114 

Nov 5 2.3 2.4 3.0 85 
Dec 5 2.1 2.2 2.7 96 
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Table 6.2 (e ): Stream.flow reduction due to irrigation pumping from the Floridan aquifer, 
simulated at the Bainbridge gauge of the lower Flint River for drought years (cubic feet/sec.) 

current acres backlog 1.25 x backlog 

Whole sub-
Observed Month basin (current Simulated flow reduction at Bainbridge (cfs} 

acres) (1954)* 

March 59 39 42 52 8714 
Apr 90 73 79 98 7903 
May 236 229 252 315 5293 
Jun 288 287 320 399 3739 
Jul 299 306 338 422 3337 
Aug 308 321 352 440 3052 
Sep 309 315 341 426 2409 
Oct 203 202 220 275 2213 
Nov 159 156 171 214 2424 
Dec 124 118 130 162 3627 

* 1954 was used as a drought year because Bainbridge gauge data is unavailable for 
1999-2000. 
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Table 6.2 (f): Streamflow reduction due to irrigation pumping from the Floridan aquifer, 
simulated at the Bainbridge gauge of the lower Flint River for normal years (cubic feet/sec.) 

current acres backlog 1.25 x backlog 

Whole sub- Observed 
Month basin (current Simulated flow reduction at Bainbridge (cfs) 

(1958) 
acres) 

March 37 . 16 17 22 21970 
Apr 51 32 35 44 19440 
May 112 98 110 137 10090 
Jun 150 140 156 195 7650 
Jul 191 186 207 258 9262 
Aug 201 199 220 275 6871 
Sep 160 153 169 212 3873 
Oct 115 105 116 145 3920 
Nov 80 69 76 9_5 4094 
Dec 64 51 56 70 5003 

Several observations can be made: 1) in all three sub-basins, the simulated streamflow 

reduction increased with added acreage (i.e. the application backlog) and increased irrigation 

volume; 2) the proportionately greatest increases in streamflow reduction, compared to 

observed flows, occurred in Spring Creek, where the simulated streamflow reduction caused 

by aquifer withdrawals represents the highest proportion of observed flow. Indeed, in 

drought years the simulated reduction is actually greater than the observed flows during a 

drought year. This happened only in Spring Creek; 3) simulated reductions for the entire 

Ichawaynochaway sub-basin are substantially higher than those calculated for the Milford 

gauge. This is because much of the sub-basin above the Milford gauge is outside of Subarea 

4, and Floridan aquifer withdrawals would have the greatest effect on streamflow 

downstream of the Milford gauge. A similar relationship is true for Spring Creek below the 

Iron City gauge, although not to the same degree as in Ichawaynochaway sub-basin. It is 

important to note that these figures do not include surface-water withdrawals, which for 

Ichawaynochaway sub-basin would have a significant impact on the total reduction to 

streamflow caused by all withdrawals. 
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Figures 0.2-0.5 indicate that, within the larger sub-basins, HUC-12 watersheds with closer 

hydrologic connections to the Floridan aquifer and larger volumes of groundwater 

withdrawals experience greater decreases in baseflow to streams. Some stream reaches are 

not in hydrologic connection with the Floridan aquifer, and thus experience little or no 

baseflow reduction from nearby irrigation withdrawals. Comparing Figures 0.2-0.5 with 

Tables 6.1 (a) -(c) and 6.2 (a) -(f), it is evident tbat only a few HUC-12 watersheds can 

account for much or most of the decreased strearnflow in a HUC-8 sub-basin. For example, 

rnore than 71% of the total baseflow reduction in Ichawaynochaway Creek during August of 

a drought year, irrigating existing acreage, is caused by groundwater withdrawals in only two 

HUC-12 watersheds (40 and 41). 

1n all th.ree sub-basins, HUC-12 watersheds could be grouped into three categories based on 

the amount of decreased baseflow caused by Floridan aquifer withdrawals in each. The 

watersheds are color coded based on these categories in Figures 0.2-0.5 and Tables 6.1 (a) -

(c) . Green-colored watersheds, referred to as ,:Conservation Use Areas: are those in which 

baseflow reduction is less than l cfs during drought years. These streams either have a week 

hydro logic connection with the Floridan aquifer, have a low amount of irrigation withdrawals 

from the Floridan, or both. Watersheds with intermediate levels of reduced baseflow are 

colored yellow, and referred to as ''Resh'icted Use Areas". These watersheds may have large 

volumes of withdrawals from the Floridan aquifer, but the degree of hydrologic connection 

with the aquifer is.greater than in the Conservation Use Areas. Those watersheds with the 

highest amount of reduced baseflow are colored pink, and referred to as "Capacity Use 

Areas' '. These watersheds experience the largest volume of baseflow reduction due to a 

close connection between streams and the Floridan aquifer, and the largest volume of 

irrigation withdrawals. In most cases, these categories reflect a natural grouping in the 

calculated volumes of decreased baseflow. There is typically very little gradation between 

categories. Most Capacity Use Areas individually account for more than I 0% of total 

baseflow reduction in a sub-basin, and together they may account for more than 50% of total 

baseflow reduction in a HUC-8 sub-basin. 
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6.1.5 Ground-water flow directions 

Under pre-development or wet-season conditions, ground-water flow is generally towards the 

Flint River and its major tributaries (Clarke, 1987; Mosner, 2002). This may change locally 

· as heads in the aquifer decline during the year. Figure 6.4 shows the modeled potentiometric 

surface of the Floridan aquifer and Figure 6.5 shows flow directions for the 

Ichawaynochaway Creek sub-basin, . which are generally perpendicular to the potentiometric 

contours, superimposed on the potentiometric map. (Flow direction maps for other sub­

basins of the lower FRB are found in Appendix II). Widely spaced potentiometric contours 

on Figure 6.4 indicate high aquifer transmissivity, whereas contours that are more closely 

spaced indicate lower transmissivity. Where contours are deflected upstream, such as along 

the Flint River and in the lower reaches of Ichawaynochaway, Pachitla, Kinchafoonee, and 

Spring Creeks, ground-water discharges to that stream. Where contours are not deflected by 

streams, such as in the upper reaches of Spring Creek, those streams are not in direct 

hydraulic connection with the Floridan aquifer. 

Figure 6.4 indicates that, from the northern model boundary, ground-water flow is to the 

south and southeast towards the Flint River and its tributaries. East of the Flint River, 

ground-water flow is almost parallel to the Flint River except close to it, where it diverges 

abruptly towards the river. The color of the modeled stream segment indicates the ground­

water flow rate, such that pink and red hues indicate high flow rates, and blue indicates lower 

rates. As can be seen along the Flint River, ground-water discharges along its length from 

Lake Chehaw to Lake Seminole. Significant volumes of ground-water are discharged into 

Sprihg Creek south of Iron City, as well as to sections of Ichawaynochaway Creek, Pachitla 

Creek, Kinchafoonee Creek, and Muckalee Creek. The volume of ground-water received by 

these stream segments changes throughout the year. In the summer when stream and aquifer 

levels are dropping and irrigation pumpage is typically high, ground-water discharges may 

decrease such that some stream segments become losing reaches (Jones and Torak, in 

review) and streamflow may be lost to the aquifer. 
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Although ground-water generally flows towards the Flint and its tributaries, the ground-water 

flow lines shown in Figure 6.5 reveal local complexities to the direction of ground-water 

flow caused by local changes ju pumping, aquifer properties, topography'., and the presence of 

streams. Also, the ground-water flow lines .indicate that the impact of a well may not occur 

along the stream reach nearest the well; rather, the impact (as reduced flow) may occur miles 

downstream from the well. In areas where ground-water flows into streams at a high angle to 

the stream channel, the impact of a ground-water well near that stream segment may have a 

more direct impact due to decreased baseilow. An example of this would be a pumping well 

within several miles of Ichawaynochaway Creek ('A', Fig. 6.5) . Thus, the impact of 

pumping wells on base flow is not the same throughout Subarea 4. Wells close to streams 

segments that have a high degree of connectedness to the aquifer will have a volumetrically 

greater and more rapid impact on base flow than wells that are farther away from streams 

( e.g. 'Bi, Fig. 6.5), especially those streams with a poor connection to the Floridan aquifer. 

6.2 Surface-water models 

6.2.1 Description of Model Scenarios 

The challenge faced in developing a management plan for water use in the lower FRB 

requires that likely future scenarios of agricultural water use be tested for their effects on 

streamflow. The tool to be used to test these scenarios is a combination of the USGS 

MOD FE ground-water model, and the calibrated HSPF surface-water models. 

Estimated current acreages irrigated from surface-water and ground-water sources in the 

Flint sub-basins are shown in Table 6.3 . Among the three sub-basins being modeled, the 

lower Flint has the most irrigated land (about 170,000 acres), 98% of which are irrigated 

from the Uppe1· Floridan aquifer. Spring Creek has about 139,000 irrigated acres, 92% from 

ground-water, and Ichawaynochaway Creek has 100,000 acres, with 66% irrigated from 

surface-water sources. CuiTent application rates in inches per month are given for typical 
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rainfall and drought years, by sub-basin, and for ground-water, surface-water, and well-to­

-pond sources in Table l.3-2 (Hook et al, 2005). 

well to pond 
gw acres using surface-water well to pond acres using 

sub-basin Upper Floridan acres irr acres Uooer Floridan 

Lower Flint 166187 3941 198 182 
lchawavnochawav Ck. 33474 65938 1344 402 
Spring Creek 128011 10213 1531 1126 
Kinchafoonee-
Muckalee 12714 44223 951 355 
Middle Flint 25533 36147 2756 1331 

Total Flint 365919 160461 6781 3396 
(a) 

well to pond 
gw acres using surface-water well to pond acres using 

basin Uooer i;:1oridan irr acres acres Upper Floridan 

Lower Flint 18506 1308 
lchawavnochawav Ck. 6477 10040 
Spring Creek 14197 2708 350 200 

Kinchafoonee-
Muckalee 5138 7732 
Middle Flint 19949 8701 785 128 
Total Flint 64267 30489 1135 328 

(b) 

Table 6.3 (a): Estimated current irrigated acres in FRB, obtained from NESPAL/EPD permit 
mapping; (b) Proposed new irrigated acres associated with permit applicat~o11 ''backlog" 

Tables 6.3(a) and (b) are the basis for the Current Irrigation Scenario. Other scenarios 

modeled include the Backlog Scenario, which accounts for the option of approving all of the 

permit applications received by EPD during the pennit moratorium (i.e. the "backlog''), This 

is equivalent to an increase of about 18% in irrigated acreage. A further increase in water use 

is represented by increasing the application rates shown in Table 3-2 for the Backlog 

Scenario by 25%, for example as a result of an e>..ielu;ive Crop Mix Scenario change. 

Finally, in case the evaluations of model results show that the Current Scenario over-
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allocates the water supply under drought conditions, Cutback Scenarios of 80%, 70%, and 

60% of current water use rates are also modeled. 

6.2.2 Model Results 

The USGS MODFE model was used to compute the estimated monthly reduction in 

streamflow rates in each of the modeled sub-basins for each scenario in both drought and 

normal rainfall years. Tables 6.2 (a-f) provide comparison of the streamflow reductions at 

key gauges: Milford on Ichawaynochaway Creek, Iron City on Spring Creek, and Bainbridge 

in the lower Flint, for the Current, Backlog, and 1.25:xBacklog scenarios in the growing 

season months of a drought year. The computed daily flow reductions obtained from 

MODFE are subtracted from the corresponding daily flow rates in the HSPF models to yield 

the estimated streamflow rates for each scenario at each model node. 

Figure 6.5 (and Figure I.3-1) compares the computed flow exceedance curves for the Current, 

Backlog, and 1.25 X Backlog scenarios at Milford on Ichawaynochaway Creek. The flow 

rate exceeded 95% of the time can be seen to decrease from about 120 cfs for the Current 

Scenario to 110 cfs for the Backlog Scenario and 95 cfs for the 1.25 X Backlog Scenario. At 

Spring Creek near Iron City, the flow rate exceeded 95% of the time can be seen to decrease 

from about 25 cfs for the Current Scenario to about 20 cfs for the Backlog Scenario and to 

about 10 cfs for the 1.25 x Backlog Scenario (Fig. 6.6). At Flint River at Bainbridge, the 

flow rate exceeded 95% of the time is about 2280 cfs for the Current Scenario; it is reduced 

to about 2250 cfs for the Backlog Scenario, and further reduced to about 2200 cfs for the 

1.25 x Backlog Scenario (Fig. 6.6). These effects include the computed ground-water 

reductions described in Section 3 .2.1 from the MOD FE model. 

GA00185855 



100000 
- CURRENT 
- BACKLOG 
-1.25BACK 

1000 

100 

10 

0.1 '---'-----'-----'------'--'---'-------'-~---'---'--~-~-L.-.~---'----'--~ 

0.5 2 5 10 20 30 50 70 80 90 95 98 99.5 
Percent. chance FLOW ( cfs) exceeded 

FLOW (cfs) at !CH. CR 
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Another view of the modeled effect on stream flow can be illustrated by looking at daily flow 

computed for specific years at the same model nodes. Using the same years chosen to 

illustrate the mo<lel calibration results in section I.2.1.l (drought, wet, and normal year), 

Figures I.3-4 thru 1.3-12 present these comparisons for the same three selected scenarios. It 

can be seen that the most significant difference in simulated streamflow occurs in drought 

years. For example, the lowest flow rate at Ichawaynochaway Creek near Milford, given the 

1955 meteorology (Fig. 6. 7 and Fig. I.3-4), is abollt 60 cfs under the Current Irrigation 

Scenario. The flow rate is ·reduced to less than 40 cfs under the Backlog Irrigation Scenario, 

and to less than 20 cfs under the 1.25 x Bacldog Scenario." 

2000 ,----,----.-- -.---,----....---....----,---,---,-----,-----,----, 
-CURRENT 
- BACKLOG · 

1600 - I 25BACK 

~ 1200 
~ 
:$ 
0 
~ 800 

J f M A M J A s 0 N D 
1955 

FLOW (cfs) at !CH. CR 

Figure 6.8: Sample hydrograph of simulated flow rates for current, backlog, and 1.25 X 
backlog scenarios 

6.3 Scenario lmpact Evaluation 

6.3.1 Discussion of In stream Flow Impact Criteria 
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Having computed streamflow resulting from several possible future irrigation scenarios, 

results were compared to two sets of criteria: 1) low flow criteria that would be protective of 

endangered aquatic species; and 2) the effect on streamflow protective of water quality 

standards. 

6.3.2 Aquatic Habitat Protection Streamflow Criteria 

As part of the federal agency preparation for review of negotiated_ ACT and ACF basins 

Water Allocation Formulas, the USFWS and U. S. Environmental Protection Agency 

(USEP A) developed a set of draft guidelines for protection of the basins' riverine 

ecosystems. The guidelines were intended for evaluation under the USFWS's Endangered . 

Species Act authority and EPA's Clean Water Act authority . . The guidelines were not 

intended to be exclusive, but it was stated that an allocation formula that did not comply with 

the guidelines would require a more detailed review by both agencies. It was felt that the 

guidelines would protect both the present structure and function of the riverine ecosystems as 

well as endangered species (USFWS and USEPA, October 25, 1999). 

The selected guidelines were developed for unregulated streams and consisted of the 

Monthly I-day Flow Minima (Ul) and the Annual Low-Flow Duration (U2) (USFWS and 

USEPA, October 25, 1999). Specifically, these were defined as: 

Monthly 1-day minima ("U 1 ") 

These criteria are derived from the complete daily discharge record for the stream. From 

this record, the lowest 1-day minimum flow for each month of the year in all years is 

identified. From the complete record of all 1-day minimum flows for a particular month, the 

lowest 25 th percentile and median of these values are calculated. For each future month, the 

1-day minimum flow guideline is to: 

a. Exceed the lowest 1-day minimum in all years. 
b. Exceed the 25th percentile in 3 out of 4 years. 
c. Exceed the median in halfof the years. 
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Annual low-flow duration ("U2") 

These criteria are also derived from the complete daily discharge record for the stream. 

From this, the average annual discharge (AAD) for each calendar year is calculated, and 

then these yearly averages are themselves averaged. The number of days per year for all 

calendar years dw·ing which daily discharge is less than 25 percent of the AAD is then 

calculated. The maximum number of days per year for all calendar years in which discharge 

is less than 25% AAD, the 75tlt percentile of the number of days per year in which discharge 

is less than 25% MD, and median of the number of days are computed. For each year the 

guideline is: 

a. Do not exceed the maximum number of days in all yeaxs. 
b. Do not exceed the 75th percentile in 3 out of 4 years. 
•. Do not exceed the median In half the years. 

6.3.3 Water Quality Guidelines 

Potential impacts to water quality are also important to the evaluation of scenario model 

results in the Flint Basin. Georgia EPD develops waste ioad allocations and associated 

National Poilutant Discharge Elimination System (NPDES) permit limits for municipal and 

industtial surface-water discharges that protect the State in-stream dissolved oxygen 

concentratjon water quality standards and other in-stream criteria. NPDES permits are 

developed to protect water quality standards using a minimum streamflow equal to the 7Q I 0. 

The 7Q 10 is the minimum 7-day average stream flow having a 10% chance of occurrence in 

any year, or a theoretical recurrence interval of 10 years. Changes to surface-water hydrology 

that cause streamflow to be less than the 7QIO strcamflow used to detennine the NPDES 

limits could adversely affect a stream's ability to meet the dissolved oxygen water quality 

standard and other criteria during critical low streamflow conditions. Reduced 7Q 10 

streamflow may require that the waste allocation loading, which determines the NPDES 

permit limits, may need to be decreased to prevent the standards from being violated. 
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A review of historic streamflow data and NPDES permit conditions, as well as computation 

of the 7Q 10 flow rates for various time periods, indicates that the 7Q 10 used by EPD to set 

current permit discharge limits in southwest Georgia was based on pre-1970 historic flow 

data. The computed 7Q10 for this period is 2500 cfs for the Flint River at Bainbridge, 140 

cfs for Ichawaynochaway Creek near Milford, and 15 cfs for Spring Creek near Iron City. 

6.3 .4 Computation of Criteria 

For the purposes of this Plan, streamflow criteria are calculated at three representative gauge 

locations, Ichawaynochaway Creek at Milfor~, Spring Creek near Iron City, and the Flint 

River at Bainbridge. The first two of these (Figures 12.-1 and 12.-11) are locations with long­

term USGS gauging stations spanning the periods before and after significant irrigation. The 

Bainbridge gauge is located in the headwaters of Lake Seminole and has very little gauge 

data since 1970; therefore, the historical data does not represent pre-irrigation conditions. 

The Newton and Albany gauges are the only other stations with long periods of record; these 

gauges are located further upstream in the HSPF-modeled lower Flint sub-basin and therefore 

do not fully include all the rainfall-driven modeled conditions in the sub-basin as completely 

as the Bainbridge gauge. 

6.3.5 Evaluation ofln-Stream Flow Criteria 

Table I.4-1 presents the in-stream flow criteria guidelines computed for each of the gauge 

locations based on the entire period of record. 

The effects on Ul and U2 streamflow guidelines can be computed for the future irrigation 

scenarios described in Section 3 .0. In these model runs, assumed irrigation distribution 

patterns and application rates for each scenario are modeled for the 54.:year hydrologic 

pattern observed for the period from 1950-2003. The irrigation acreage is not changed from 

year to year (see Table 6.3) and the application rates change only according to whether a 

particular year was a drought or not (Table 13-2). 
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Ichawaynochaway Creek at Milford. 

Table 6.4 (and Tables 14.2 and 14.3) shows how the modeled scenario streamflow perform 

with respect to the USFWS in-stream flow guidelines. The monthly 1-day minimum flow 

rates computed for the future scenarios should never be less than the monthly minimum Ul 

criteria. Observed gauge flow rates meet this criterion, (all "O's"), but modeled flows do not 

meet the criterion as many as five times (Table VV) for the scenarios with the highest level 

of irrigation use; that is, the Backlog and l .25xBacklog Scenarios, and in late summer 

months. Reducing irrigation by 20% from the Current Scenario would reduce the number of 

times the criteria are not met to two in September. In other words, modeled future scenarios 

of increased irrigation would cause the 1-day flow minimum to be exceeded more often. 

Reducing irrigation by at least 20% would not eliminate the exceedance, but would reduce 

the number of times more than if irrigation were increased above current levels. 

For the urn guideline (Table 6.4), the criterion should not be exceeded more than 1 in every 

4 years, or 25% of the time. This does occur with the observed data for the period from 

1953-2003, but only by a very small margin. However, as with the 1-day minimum criterion, 

it happens more often for the Backlog Scenarios and in August and September. The UlC 

guideline should not be exceeded more than 50% of the time (1 in 2 years), but this does 

occur in late summer for those scenarios of increased irrigation and for existing irrigation 

over the next 50 years. 

The differences between scenario Ul variances can be seen for selected years (1980's) in 

Figure 1.4-1, which shows the modeled minimum 1-day flow rates during the month of 

August vs. the minimum (UlA), 25% (UlB), and 50% (UlC) criteria. UlA is not met in 

1986 with the Current and Backlog Scenarios, but is met in all other years and scenarios. 

Variances occur for the urn guideline in 1981 and 1986 (all scenarios) and in 1985 and 1988 

for some scenarios, but a 25% variance rate is acceptable for UlB. Only 1980, 1982, 1984, 

and 1989 have no UlC variances, though a 50% variance rate is acceptable. 
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Lowest monthly 1-dc.\V minimum flow (U1-Al 
Number. of years that flow was below the monthly criteria - should not exceed zero) 

Apr May Jun Jul Auq Sep 

Criteria (cfs) 175 43 12 21 6 10 
Observed 1939-197 5 0 0 0 0 0 0 
Observed 1953-2003 0 0 0 0 0 0 
No irr 1953-2003 1 0 0 , 0 0 0 
Calibrated 1953-2003 1 0 0 0 1 2 
0.6 x Current irrigation 1 0 0 0 0 0 
0,7 x Current irrigation 1 0 0 0 0 1 
0.8 x Current irri_gation 1 0 0 0 1 2 
Current irr. over 50 yrs 1 0 0 2 3 4 
Backlog 1 0 1 2 3 5 
1 .25 x Backloq 1 0 1 3 4 5 

25 percentile of monthly 1-day minimum flows (U1-B). 
Percent of years with that flow was below monthly criteria - should not exceed 25%) 

Apr May Jun Jul Auq Sep 

Criteria (cfs) 342 228 162 153 139 148 
Observed 1939-1975 23.1% 15.4% 15.4% 7.7% 3.8% 15.4% 
Observed 1953-2003 21.6% 23.5% 25.5% 23.5% 25.5% 24.0% 
No Irr 1953-2003 19.6% 11.8% 7.8% 9.8% 7.8% 12.0% 
Calibrated 1953-2003 19.6% 15.7% 13.7% 11.8% 11.8% 16.0% 
0.6 x Current irrigation 19.6% 15.7% 19.6% 13.7% 15.7% 22.0% 
0.7 x Current irrigation 19.6% 15.7% 19.6% 13.7% 17.6% 22.0% 
0.8 x Current irrigation 19.6% 15.7% 19.6% 15.7% 17.6% 26.0% 
Current irr. over 50 yrs 19.6% 19.6% 19.6% 15.7% 27.5% 28.0% 
Backlog 21.6% 21.6% 19.6% 23.5% 27.5% 32.0% 
1 ,25 x Backlog 21.6% 23.5% 25.5% 29.4% 35.3% 32.0% 
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Median of monthly 1-dav minimum flows (U1-C) 
Percent of years that flow was below the monthly criteria - should not exceed 50%) 

Apr Mav Jun Jul AUQ Sep 

Criteria (cfs) 473 308 228 227 223 197 
Observed 1939-1975 '46.2% 38.5% 34.6% 38.5% 34.6% 38.5% 
Observed 1953-2003 39.2% 51.0% 43.1% 49.0% 52.9% 50.0% 
No irr 1953-2003 37.3% 27.5% 23.5% 23.5% 29.4% 22.0% 
Calibrated 1953-2003 39.2% 33.3% 29.4% 31.4% 37.3% 38.0% 
0.6 x Current irrigation 39.2% 33.3% 31.4% 31.4% 43.1% 36.0% 
0.7 x Current irrigation 39.2% 37.3% 33.3% 31.4% 45.1% 42.0% 
0.8 x Current irrigation 39.2% 41.2% 33.3% 35.3% 45.1% 50,0% 
Current irr, over 50 yrs 45.1% 45.1% 37.3% 43:1% 52.9% 56.0% 
Backlog 45.1% 49.0% 43.1% 49.0% 60.8% 58.0% 

1.25 x BackloQ 45.1% 51.0% 43.1% 51.0% 64.7% 60.0% 

Table 6.4: Ul guideline effects for Icbawaynochaway Creek near Milford: Monthly I-day 
Minima Criteria - Variances Criteria are from full period of record 
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Table 6.4 shows the results of comparisons of the duration of lJ2 computed scenario .flows 

below 25% of the annual average for Ichawaynochaway Creek. The allowable number of 

years in which the maximum duration is exceeded is zero; however, this is exceeded in all 

model runs. The U2B criterion is not to be exceeded more than 25% of the time, or 1 in 4 

years, but this is exceeded in several scenarios simulating current irrigation and expanded 

irrigation. The U2C criterion, based on the median number of years in which flow is less 

than 25% annual average discharge is not exceeded in the modeled scenarios. Recalling that 

these scenarios project identical climatic patterns from the past 54 years into the future, 

Ichawaynochaway Creek would not meet the U2 criteria only in the worst drought years of 

the past 54 years. Specifically, in future years with conditions like those of 1954, 1955, 

1968, 1986, 1999, and 1990, Ichawaynochaway Creek would likely not meet the U2 criteria. 

The likelihood of this increases if the backlogged permits are issued, and if the volume of 

irrigation increases over cunent levels. 
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Annual Low Flow Duration (U2) Statistics 

25% Annual Average Discharge 171 cfs 

Maximum 1 in 4 yrs 1 in 2 yrs 

Criteria: Annual Low Flow Duration 
days) 168 28 0 

Allowable years of variance 0 <25% <50% 

Observed 1939-1975 0 8.0% 18.0% 

Observed 1953-2002 0 28.0% 48.0% 

No irr 1953-2002 1 14.0% 28.0% 

Calibrated 1953-2003 2 22.0% 34.0% 

0.6 x Current irrigation 5 22.0% 34.0% 

0.7 x Current irrigation 5 24.0% 34.0% 

0.8 x Current irrigation 6 28.0% 34.0% 

Current irr. over 50 yrs 6 28.0% 42.0% 

Backlog 6 32.0% 48.0% 

1.25 x Backlog 6 36.0% 50.0% 

Table 6.5: guideline effects for Ichawaynochaway Creek near Milford: Annual Low Flow 
Duration Variances Criteria are from full period .of record 
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In summary, simulations of future irrigation scenarios indicate that Ichawaynochaway Creek 

will not meet the Ul and U2 USFWS in-stream flow criteria in late summer of drought years. 

Furthermore, if more permits are issued, or if irrigation volumes increase over current levels, 

the violation of the criteria will become more frequent. A 20% reduction in irrigation below 

current levels during drought years would cause the creek to meet the in-stream criteria 

virtually all the time (Table 5-4). If irrigation is increased over existing levels, a greater 

reduction in irrigation will be required in drought years to meet the Ul flow criteria. 

Spring Creek 

Tables 6.6 and 1.4-4 summarize USFWS in-stream flow guideline results for Spring Creek. 

Spring Creek model results indicate that the criteria fail at very high rates, except in August 

and September (UlA), but including scenarios in April and May with no irrigation and 

scenarios with drastic cutbacks in irrigation. This contrasts with the U2A low-flow duration 
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criteria in which there are no violations of the criteria. These highly unlikely results suggest 

that the USFWS in-stream flow guidelines cannot be applied to Spring Creek. This may be 

the result of Spring Creek's tendency to reach low flows early in the year; the karstic nature 

of the sub-basin, such that surface-water flows do not operate independently of ground­

water; or the extreme low flows that occurred after 1976 skewing the streamflow statistics 

towards an unworkable standard. If the USFWS criteria cannot be used to develop a 

management strategy for Spring Creek, then other criteria must be used or it must be 

assumed that a management strategy that would protect in-stream flows and riverine habitat 

for other sub-basins of the FRB would have a benefici~l effect on Spring Creek. 
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Lowest monthly 1-day Minimum flow (U1-A) 
(Number of years that flow wa.s below the monthly criteria - should not exceed zero) 

Apr May Jun Jul Auq Sep 

Criteria (cfs) 51.30 3.51 0.81 0.16 0.00 0.00 
Observed 1937-1971 0 0 0 0 0 0 
Observed 1953-2003 0 0 0 0 0 0 
No irr 1953-2002 2 0 0 0 0 0 
Calibrated 1953-2003 3 3 4 5 0 0 
0.6 x Current irrigation 4 3 8 7 0 0 
0.7 x Current irrigation 6 4 9 7 0 0 
0.8 x Current irrigation 6 4 11 8 0 0 
Current irr. over 50 yrs 7 5 14 11 0 0 
Current irr. over 50 yrs(updated) 7 4 14 8 0 0 

Backlog 7 7 16 11 0 0 
1.25 x BackloQ 7 11 17 12 0 0 

25 percentile of monthly 1-day minimum flows (U1-B) 
Percent of years that flow was below monthly criteria • should not exceed 25%) 

Apr May Jun Jul Auq Sep 

Criteria (cfs) 197.1 87.8 48.2 45.9 36.7 32.4 
Observed 1937-1971 11.8% 6.1% 2.9% 5.9% 11.8% 11.8% 
Observed 1953-2003 26.2% 26.8% 29.3% 31.0% 33.3% 29.3% 
No irr 1953-2002 33.3% 45.1% 29.4% 25.5% 13.7% 16.0% 
Calibrated 1953-2003 33.3% 51.0% 33.3% 35.3% 27.5% 18.0% 
0.6 x Current irrigation 33.3% 56.9% 47.1 % 41.2% 31.4% 22.0% 
0.7 x Current irrigation 33.3% 56.9% 49.0% 43.1% 31.4% 22.0% 
0.8 x Current irrigation 33.3% 58.8% 51.0% 43.1% 33.3% 30.0% 
Current irr. over 50 yrs 33.3% 60.8% 52.9% 47.1% 39.2% 38.0% 
Current irr. over 50 yrs(updated) 33.3% 58.8% 52.9% 45.1% 37.3% 36.0% 
Backlog 33.3% 60.8% 56.9% 49.0% 41.2% 38.0% 
1.25.x Back.log 33.3% 60.8% 58.8% 54.9% 47.1% 44.0% 
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Median of monthly 1-day minimum flows (U1-C) 

Percent of years that flow was below the monthly criteria - should not exceed 50%) 

Aor Mav Jun Jul Auq Sep 

Criteria (cfs) 299.7 122.4 90 92.7 79.2 58.95 

Observed 1937-1971 26.5% 15.2% 20:6% 23.5% 20.6% 23.5% 

Observed 1953-2003 50.0% 56.1% 53.7% 57.1% 52.4% 56.1% 

No irr 1953-2002 52.9% 58.8% 56.9% 52.9% 45.1% 38.0% 

Calibrated 1953-2003 52.9% 64.7% 60.8% 58.8% 51.0% 50.0% 

0.6 x Current irrigation 52.9% 62.7% 70.6% 58.8% 54.9% 58.0% 
0.7 x Current irrigation 52.9% 62.7% 70.6% 58.8% 54.9% 58.0% 
0.8 x Current irrigation 52.9% 64.7% 72.5% 60.8% 56.9% 58.0% 
Current irr. over 50 yrs 52.9% 66.7% 74.5% 64.7% 58.8% 62.0% 

Current irr. over 50 yrs(updated) 52.9% 64.7% 72.5% 62.7% 58.8% 62.0% 
Backlog 52.9% 68.6% 74.5% 64.7% 60.8% 62.0% 

1.25 X BackloQ 54.9% 74.5% 74.5% 70.6% 62.7% 70.0% 

Table 6.6: Ul guideline effects for Spring Creek near Iron City: Monthly 1-day Minima 
Criteria- Variances Criteria are from entire period of record 

Lower Flint River 
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The lower Flint River model results show very few examples of the criteria not being met 

(and Tables 6.7 and T.4-6). Even projecting climatic patterns of the past 50 years into the 

future, the criteria are met except for scenarios of increased in-igation in July. However, as 

with Ichawaynochaway Creek, the flow criteria resuJts indicate that if more irrigation occurs 

in the lower Flint River sub-basin, inigation will have to be reduced iu drought years for the 

flow criteria to be met. 

Lowest monthly 1-day minimum flow (U1-A) 

'Number. of vears that flow was below the monthlv criteria - should not exceed zero) 

Apr May Jun Jul AUQ Sep 

Criteria (cfs) 3077 1463 1151 1165 988 1003 

No irr 1953-2003 0 0 0 0 0 0 

Calibrated 1953-2003 0 0 0 0 0 0 
0.6 x Current irrigation 0 0 0 0 0 0 

0.7 x Current irrigation 0 0 0 0 0 0 

0.8 x Current irrigation 0 0 0 0 0 0 
Current irr. over 50 yrs 0 0 1 1 0 0 
Backlog 0 0 1 2 0 1 
1.25 x Backlog 0 0 1 2 1 1 
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25 percentile of monthly 
1-day minimum flows 
'U1-B) 

'Percent of years with that flow was below monthly criteria - should not exceed 25%) 

Apr May Jun Jul Aug Sep 
Criteria (cfs) 4448 3107 2377 2516 2398 2062 

No irr 1953-2003 17.6% 17.6% 9.8% 17.6% 13.7% 10.0% 

Calibrated 1953-2003 17.6% 17.6% 13.7% 19.6% 17.6% 18.0% 

0.6 x Current irrigation 17.6% 17.6% · 19.6% 21.6% 21.6% 20.0% 

0.7 x Current irrigation 17.6% 17.6% 19.6% 21.6% 21.6% 22.0% 

0.8 x Current irrigation 17.6% 17.6% 21 .6% 21 .6% 21.6% 22.0% 

Current irr. over 50 yrs 17.6% 17.6% 23.5% 23.5% 25.5% 22.0% 

Backlog 17.6% 17.6% 23.5% 23.5% 25.5% 24,0% 

1.25 x Backloq 17.6% 23.5% 25.5% 29.4% 29.4% 30.0% 

Median of monthly 1-day minimum flows (U1-C) 

Percent of years that flow was below the monthly criteria - should not exceed 50%) 

Apr May . Jun Jul Aug Sep 

Criteria (cfs) 6165 4248 3363 3400 3022 2549 
No irr .1953-2003 45.1% 45.1% 37.3% 33.3% 33.3% 30.0% 
Calibrated 1953-2003 45.1% 47.1% 39.2% 35.3% 43.1% 36.0% 
0.6 x Current irrigation 45.1% 47.1% . 39.2% 35.3% 45.1% 38.0% 
0.7 x Current irrigation 45.1% 47.1% 39.2% 35.3% 45.1% 40.0% 
0.8 x Current irrigation 45.1% 47.1% ·. 39.2% 35.3% 45.1% 40.0% 
Current irr. over 50 yrs 45.1% 47.1% 39.2% 39.2% 47.1% 44.0% 
Backlog 45.1% 47.1% 39.2% 41.2% 47.1% 44.0% 
1.25 x Backloq 45.1% 47:1% 41.2% 41.2% 49.0% 48.0% 

Table 6.7: Ul guideline effects for lower Flint River at Bainbridge: Monthly I-day Minima 
Criteria- Variances Criteria are from full period of HSPF calibrated model (1953-2003) 

6.3.6 Water Quality Guidelines . 

Table 6.8 (and Table 1.4-8) compares the computed 7Q10 for Ichawaynochaway Creek at 

Milford, for Spring Creek at Iron City, and for the lower Flint River at Bainbridge for pre-

1970's gauge data (the current basis for NPDES Permit discharges in southwest Georgia), 

and the model results from four future irrigation scenarios. The differences between each of 

the future scenario low-flow computations and the pre-inigation computation are significant 
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in each case. This implies that either water quality standards will be violated more frequently 

in the future or pollutant loadings will have to be significantly reduced. 

7Q10 Stream flow 
Rates (cfs) 

Flint River 
I chawaynocnaway at Spring Ck. near 

Modelina Scenario Ck. near Milford Bainbridae Iron Citv 

Pre-1970's Data 140 2500 15 

60% Current Model 65 1650 0 

Current Model 20 1500 0 

Backlog Model 10 1460 0 

125% Backlog Model 3.5 1380 0 

Table 6.8: Calculated 7Ql0 Streamflow for FRB Modeling Scenarios 

Location 7Q10 Historic 0.6 x Current Current Backlog 1.25xBacklog 
Milford 140 cfs 2.9% 4.6% 6.5% 7.2% 8.1% 
Iron City 15 cfs 3.5% 3.9% 5.8% 6.3% 7,8% 
Bainbridge 2500 cfs 5.4% 5.9% 6.9% 7.2% 8.0% 

Table 6.9: Frequency ofF!ow Less than 7Ql0 

The computed frequency of flows less than the 7Ql0 is shown for the three modeled 

scenarios at the three modeled locations in Table 6.9 (and Table I.4-9). For Milford, the 

frequency ofoccurrence of the pre-1970 7Q10 flow rate is 2.9%. This increases to 6.5% for 

the Current Scenario and 7 .2% for the Backlog Scenario. For Iron City the pre-1970 

frequency of3.5% increases to 6.3% for the Backlog Scenario and for Bainbridge the 

increase is from 6.4% to 7.2%. This implies that the frequency of flow conditions under 

which water quality standards may be violated could more than double at Milford and could 

increase by 70% at Iron City and by 40% at Bainbridge in the foture, if pollution loadings are 

not decreased or steps taken to reduce irrigation withdrawals under severe drought 

conditions. 
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6.4 Interpretation of Scenario Impact Model Results 

There is a wide range of results for the various conditions represented by the MODFE 

ground-water and HSPF surface-water model simulations, as well as the observed data. The 

most extreme differences are between the low criteria failure rate for the lower Flint River 

and the almost complete failure of Spring Creek. But there are also differences in how the 

guidelines are missed in Ichawaynochaway and Spring Creeks and the fact that observed 

data at those locations do not indicate any variances (since the guidelines were developed 

from those data). 

These widely divergent failure rates may result from at least three possible aspects of the 

evaluation process: 1) the calibration of the models; 2) the uncertainties in the measurement 

and modeling process, especially for very low flows; or 3) the appropriateness of applying 

the criteria to Spring Creek. 

The process of model calibration has uncertainties: rainfall and gauge flow observations; 

surface-water and ground-water characteristics that affect water movement, water withdrawal 

and return rates; exchange rates (and direction) between ground-water and surface-water 

under different seasonal conditions; and others. HSPF models are rainfall driven a,nd the 

capability of detecting the rainfall events that drive the streamflow, especially during 

summer, is limited and uneven in effectiveness. The comparisons of calibration results with 

gauge observed streamflow (shown in Section 12.0 for Spring Creek and Ichawaynochaway 

Creek) reveal many instances of significant deviation, even though the calibration 

coefficients are quite good. 

With the primary concern being low flows, then uncertainties are magnified. The errors in 

observed gauge flows alone probably exceed the 7Q10 of Spring Creek at Iron City, for 

example. This may not be true at Milford, but the uncertainties. are still a significant fraction 

of the 7Q10. On the lower Flint the flow rates are much greater, even under drought 

conditions, but there is another reason for both the much better calibration match at 

Bainbridge and the lack of guideline variance; the lower Flint HSPF model is much less 

dependent on rainfall input as the driver and more dependent on the more reliable flow 
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measurements from the gauge at Albany, where upstream inflow is incorporated into the 

model. The other two sub-basins do not have gauged flows that control a large percemage of 

the surface-water flow at then modeled locations. 

Because of these uncertainties and limitations, the model results should be interpreted with 

consideration for the differences between scenario results rather than strictly in terms of a 

direct comparison with the guidelines. In general, models are most accurate when used to 

determine differences between scenarios. The differences between computed scenarios 

relative to the allowable criteria may be more meaningful than whether the scenarios fail to 

rneet the allowable criteria, as the differences may indicate the changes to the .flow regime 

that may occur. For example, in Spring Creek there is only about a 2% increase in the failure 

rate of U 1 C for the backlog scenario versus the current scenario compared to a 50% variance 

allowance. Similarly, the U2 criteria are not met for the observed period, but the same 

variance rates appear for the current UTigation. Therefore, in some situations it may be more 

appropriate to compare failure rates and reduced irrigation scenarios against existing 

performance rather than against the actual criteria. 
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SECTION 7: HYDROLOGIC EVALUATION OF SPRING CREEK, 
ICHA WAYNOCHA WAY, AND LOWER FLINT SUB-BASINS 

7. l Ichawaynochaway Creek sub-basin 
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Approximately 22% of the total land area in Ichawaynochaway Creek sub-basin is inigated 

(Fig, 7. J ) , Irrigation in the Subarea 4 part of Ichawaynochaway sub-basin has increased by 

approximately 34% since 1993 (Litts et al, 2001), and by more than 90% since 1970 (Pierce 

et al, 1984). The distribution of permitted and proposed irrigation withdrawal points is 

shown on Figures 4.2 and 4.3. Several trends are immediately clear.First is the greater 

density of permitted ground-water withdrawals jn the Subarea 4 part of the sub-basin, 

especially in Baker County west of Ichawaynochaway Creek.The same pattern exists for 

proposed new well locations. Secondly, with only a few exceptions, most notably the heavy 

concentration of surface-water wifhdrawals in the northwestern corner of Baker County, 

permitted and proposed surface-water withdrawals in the southern half of Ichawaynochaway 

sub-basin comprise only a fraction of the ground-water withdrawals. Almost all the proposed 

new surface-water withdrawal locations are north of the Subarea 4 boundary. 

The higher density of permitted surface-water withdrawals in the northern half of the basin 

reflects the absence of the Floridan aquifer there. Exceptions to this trend are two "bands" of 

ground-water wells in eastern Randolph County and western Terrell County. Wells in these 

areas are tapping the Claiborne and Clayton aquifers, and thus have very little impact on 

local stream.flow. 

1n surnmaiy, Ichawaynocbaway Creek sub-basin is almost evenly divided by the Subarea 4 

model boundary, such that irrigation in the nmthem half of th.e sub-basin is mostly from 

surface-water, and mostly from the Floridan aquifer in the southern half of the basin. 
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Like other streams in southwest Georgia, Ichawaynochaway Creek has experienced record or 

near-record low flows during the drought periods described above. One of the worst 

droughts on record occurred in 1954. A hydrograph of Ichawaynochaway Creek at Milford 

is shown in Figure 7.2. The lowest discharge (120 cfs) occurred in 'September 1954. From 

the beginning of the year to that point the hydrograph displays a typical decrease in 

discharge, with rainfall-driven increases superimposed. 
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figure 7.2. Stream.flow oflchawaynochaway Creek near Milford for 1954 

Another major drought occurred in 1986, after agricultural irrigation had become 

widespread. The hydrograph of Ichawaynochaway Creek at Milford (Figure 7.3) shows the 

decline in discharge that occurred in 1986. The decline is much steeper than that which 

occun-ed in 1954, and reached a lower discharge ( 48 cfs) in spite of significant rainfall events 

that occurred early in the year. The discharge peaks associated with those events display a 

typically logarithmic, or concave-upward, decline typical of gradually waning flow after a 

major precipitation pulse. That gradual decline in discharge does not occur after the sharp 
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rise in discbarge that occurred in August 1986; rather, discharge drops off almost linearly. 

This suggests that the streamflow of lchawaynochaway Creek in 1986 was affected by 

irrigation withdrawals. 

EUSGS . 
USGS 02353500 ICHAWAYNOCHAWAY CREEK AT MILFORD, GA 
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Figure 7.3. Streamflow of lchawaynochaway Creek near Milford for 1986 

A third hydrograph is shown that records the severe drought conditions of 2000, during 

which lchawaynochaway Creek reached its lowest recorded flows (Fig. 7.4). It is important 

to note that early-year streamflow was significantly lower than in either 1954 or 1986. This 

may have resulted in more rapid streamflow decline than in 1986. However, beginning in 

June and continuing through September 2000, the hydrograph shows a very unusual pattern 

of very steep increases and decreases in discharge that could not be easily attributed to 

natural streamflow fluctuations. This is especially evident during August 20-22, when 

discharge declined from 102 cfs to a record low of 6.6 cfs in the 3-day period. The extreme 

discharge fluctuations are almost certainly due to alternating patterns of rainfall and irrigation 

pumping from Ichawaynochaway Creek and its tributaries at the typical peak of the irrigation 
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season. Since the Milford gauge is near the boundary of Subarea 4, irrigation withdrawals 

causing the fluctuations in streamflow would have been mostly surface-water as opposed to 

Floridan aquifer withdrawals. 
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As described above, ground-water withdrawals in the Ichawaynochaway Creek sub-basin do 

not decrease base:flow by more than a few percent (Table 7. l(a)). The greatest baseflow 

decline result from ground-water withdrawals in the sub-basin downstream of the Milford 

gauge where Floridan aquifer withdrawals are greatest. Therefore, other than drought, any 

aitificial impacts on the flow of Ichawaynochaway Creek at, and upstream of, Milford can be 

attributed to surface-water withdrawals. 

GA00185876 



142 

7.2 Spring Creek sub-basin 

Approximately 30% of the land area in the Spring Creek sub-basin (Fig. 7.5) is irrigated. As 

its name implies, Spring Creek is strongly influenced by ground-water input from . the 

Floridan aquifer. The creek flows almost entirely within Subarea 4, and is thus in hydraulic 

connection with the Floridan aquifer for most of its length. 

Because of the shallow depth and prolific nature of the Floridan aquifer, ground-water 

pumpage for agricultural · irrigation is extremely heavy in Spring Creek sub-basin. 

Specifically, ground-water usage comprises more than 89% of permitted agricultural 

withdrawals in the watershed. As with Ichawaynochaway Creek sub-basin, most of this is 

center-pivot irrigation, which has increased by approximately 34% since 1993 (Litts et al, 

2001) . The distribution of permitted and proposed irrigation wells and surface-water pumps 

is shown in Figures 4.2, 4.3, and 7.6 . 

7.2.1 Basin hydrography 

A USGS stream gauge provides real-time data on Spring Creek near Iron City in Seminole 

County. This gauge has a long period of record, and like the gauge at Milford on 

Ichawaynochaway Creek has recorded streamflow during the severe droughts that have 

occurred since 1950. Figure 7.7 is the stream hydrograph from 1954, generally considered to 

be the worst, or one of the worst, droughts in southwest Georgia history. Streamflow reached 

its lowest rate gradually, achieving a low flow of 9. I cfs in early November. A local farmer 

reports that Spring Creek actually ceased flowing just upstream from the Iron City gauge 

although stream guage records do not confirm this observation (J. Bridges, personal 

communication 2005). Irrigation was extremely rare in 1954; thus, streamflow was not 

affected by irrigation withdrawals that would have reduced baseflow significantly.· 
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The effect of the drought of 1986 on the flow of Spring Creek is shown in Figure 7.8, 

Discharge declined steadily with no significant runoff events recorded. The annual low (5.1 

cfs) was reached in August, almost three months sooner than the 1954 annual low was 

reached even though the seasonal decline began in both years at approximately the same 

stream level. A similarly accelerated decline was recorded in Ichawaynochaway Creek 

during this same time period . 

The most severe drought conditions observed in the Spring Creek sub-basin was arguably the 

drought of 2000. A critical factor that affected the heavily ground-water-fed stream was that 

winter rains were insufficient to recharge the Floridan aquifer in that area, such that baseflow 

was al.ready far lower than.normal going into 2000. Figure 7.9 shows the stream hydrograpb 

for 2000. Maximum discharge dw·ing the spring was less than one-third what it was in 1954 

and 1986, and Spring Creek reached extreme low flow conditions 
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early in the year (May). On July 7, 2000, discharge fell below 1.0 cfs, and the creek ceased 

to flow from August 25 to September 10. Discharges remained below 1.0 cfs for another 

month. 

Comparing the three worst droughts that affected Spring Creek since 1950, it can be seen that 

annual low flows were lower and were reached sooner with each successive drought. The 

lack of abrupt declines in discharge as seen on Ichawaynochaway Creek reflects the relative 

lack of surface-water withdrawals upstream of Iron City. However, the MODFE stream­

aquifer models indicate that Floridan aquifer withdrawals can significantly reduce baseflow 

to Spring Creek. If this is the case, then it can be logically assumed that ground-water 

withdrawals significantly affected the discharge in Spring Creek . during the drought years 

described above. This may have been especially true in 2000, when irrigation was 

necessarily intense because of the drought, but the aquifer had not recharged from the 

previous year. 

An interesting contrast to the Iron City hydrograph for 2000 is the hydrograph for Spring 

Creek at Reynoldsville (Fig. 7.10), approximately 9 miles downstream from the Iron City 

gauge. During the drought of 2000, this gauge did not record the extreme low flows 

observed at Iron City. The gauge did record sharp, but brief, declines in flow in.late August 

and September that could only have been the result of direct surface-water withdrawals 

upstream of the gauge. More importantly, in the southern parts of Spring Creek sub-basin, 

the Floridan aquifer is more than 300 feet thick, is extremely karstic, and has very high 

transmissivity. In that area, filling of Lake Seminole has raised and stabilized ground-water 

levels in much of lower Seminole and Decatur Counties. In northern Seminole County near 

Donalsonville, aquifer heads were raised approximately IO feet when the lake filled. The 

potentiometric levels progressively increased southward Lake Seminole, such that near 

Reynoldsville heads were raised as much as 25 feet (Jones and Torak, 2003). Thus, the 

Reynoldsville gauge is strongly affected by higher and more stable heads in the Floridan 

aquifer as well as backwater conditions created by the impoundment. 
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The Lower Flint River sub-basin (Figure 5.3) is substantially larger in area than either 

Ichawaynochaway Creek or Spring Creek sub-basins. Also, it is heavily irrigated with wells 

drawing almost exclusively from the Floridan aquifer. Surface-water withdrawals are 

concentrated along the western side of the Pelham Escarpment, which forms the eastern 

topographical boundary of the sub-basin. The streams assocfated with these withdrawals 

commonly sink into, and recharge, the Floridan aquifer in that area and never reach the Flint 

River; therefore, the majority of surface-water withdrawals in the lower Flint River sub-basin 

do not directly affect flows of the Flint River as do direct withdrawals from the river or its 

tributaries. These are volumetrically very small compared to ground-water withdrawals. 

As described above, the USGS gauge at Bainbridge was affected by construction of Lake 

Seminole il1 l957. The gauge is at the upstream end of the lake, and is thus affected by lake 

levels. Lake Seminole is maintained at a nearly constant elevation of 76-77 ft above MSL; 
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therefore, from 1957 until the gauge was modeified in 2003, the gauge does not accurately 

reflect flow of the Flint River. 

The 1954 hydrograph of the Flint River at Bainbridge (Fig. 7.11) does record the ~ffects of 

that year's drought. As with Spring Creek, discharge declined steadily through the year until 

an annual low flow (1,930 cfs) was reached in late October. Irrigation was rare at this time, 

so this hydrograph would not be significantly affected by irrigation from the Floridan aquifer, 

the Flint River, or its tributaries. 
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Figure 7. I 1: Streamflow of the Flint River Creek at Bainbridge for 1954 

Because the post-1957 gauge readings at Bainbridge are affected by Lake Seminole and the 

USGS ceased continuous operation of the station after 1971, a comparison of subsequent 

droughts with 1954 is of limited value if another gauge is used such as the Flint River gauge 

at Newton. The Newton gauge is upstream of both the confluences of Spring Creek and 

Ichawaynocbaway Cn;:ek, and is affected by surface-water and ground-water withdrawals 

and flows originating outside of the sub-basin. Thus, the impact of irrigation and drought on 

stream.flow in the lower Flint River sub-basin must be based on other criteria, such as the 
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stream-aquifer MODFE model. As discussed, this model indicates that drought year Floridan 

aquifer withdrawals do not have as great an impact on flow of the Flint River as they do in 

Spring Creek or Ichawaynochaway Creek. 
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SECTION 8: ECONOMIC STATUS OF THE LOWER FLINT RIVER BASIN 

8.1 Agriculture 

Agriculture is one ofthe largest economic sectors in the lower FRB. The 18 counties of the 

lower FRB generate approximately 18% of Georgia's total agricult11ral value (Doherty and 

McKissick, 2000), and agriculture in the FRB generates $1.92 billion in farm gate value •. 

This represents 12% of the total FRB economy. The top ten agricultural commodities 

produced in the FRB are cotton, broilers, peanuts, tomatoes, sweet com, beef, timber, field 

corn, container nurseries, watermelons, and "other". This last category includes vegetables, 

fruits and nuts, aquaculture, poultry and eggs, ornamental horticulture, and agritourism 

(McKissick, 2004a). 

Much of the agricultural production in the FRB is dependent on irrigation. 1n fact, in the 

FRB, almost 40% of the harvested cropland is in-igated (McKissick, 2004a). For .some 

commodities, such as vegetables, container nurseries, and ornamental horticulture, irrigation 

is a prerequisite. For other crops, irrigation significantly increases crop yields, which 

increases the farm gate value and the total economic impact of agriculture. 

Farm income in Georgia, and the FRB, increased fairly steadily from 1969-1996 (McKissick, 

2004b). Tbe causes for this increase have been the growth in irrigation, improved production 

technologies, and a growing consumer demand. Since 1996, farm income has been generally 

declining as a result of global competition and increased production costs, even though 

government payments have been steadily increasing over the same time frame. The number 

of fatms has declined since 1945 while the size of farms has increased; yet, the total amount 

of acreage in harvested cropland has remain.ed relatively steady since the early 1980's 

(McKissick, 2004b). Employment projections from 2002 to 2012 suggest that agriculture­

based employment will decline in southwest Georgia by as much as 14% (Ga. Dept. of 

Labor). These statistics suggest that row-crop agriculture in Georgia may not expand as 

rapidly as some other sectors of the economy. Whether or oat this affects irrigation water 

use in the FRB will depend in part on changes in crop mix, as traditional row crops suob as 

cotton, corn, and peanuts are replaced by increased vegetable production or specialty niche-
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matket crops. However, if the cw·rent distribution of crops and rainfall patterns in the FRB 

does not change substantially, irrigation amounts will not increase much above current levels .. 

8.2 Manufacturing and other sectors 

Manufacturing is the largest economic sector in southwest Georgia, accounting for more than 

50% of the FRB economic output and approximately 14% of the employment (Ga. Dept. of 

Labor; McKissick, 2004a). The biggest industries in the manufacturing sector are food, 

paper, textile mills, apparel manufacturing, wood products manufacturing, plastics and 

rubber products, and fabricated metal manufacturing. Of these only beverage and tobacco, 

and plastics and rubber manufacturing are projected to experience growth from 2002-2012 

(Ga. Dept. of Labor). 

Other majox economic sectors in southwest Georgia are, in decreasing order of employment, 

health care and social assistance; retail trade, educational services; administrative and 

support/waste remediation services; wholesale trade; construction; transportation and 

warehousing; and .finance and insurance (fable VV, Ga. Dept. of Labor). The largest 

projected growth sector of these is administrative and support/waste remediation services 

(+55%); the sector projected to shrink by the largest margin is finance and insurance (-25%). 

8 .3 Modeled economic impacts of reducing irrieation 

As part of the FRB Water Development and Conservation Plan, a preliminary economic 

analysis was performed to examine the potential impact of irrigated acreage reductions in the 

lower FRB. The model scenarios used in the economic analysis were patterned after similar 

scenarios used in the EPD HSPF smface-water models. Specifically, the impacts of a 20%, 

30%, and 40% reduction in irrigated acreage in both the Ichawaynochaway (HOC 03130008) 

and Spring Creek (HUC 031300010) watersheds were evaluated. Also examined was the 

potential economic benefit to each region by issuing all the backlogged permits currently 

being held by EPD. A general discussion of the modeling procedure, specific assumptions 

made in this analysis, and a presentation of results and limitations is given below. 
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Given the time constraints and the desire . to have a quick "first-glance" at some potential 

impacts of water management strategies discussed in previous Stakeholder Advisory 

Committee meetings, the IMPLAN (IMpact analysis for PLANning) model was chosen to 

provide the requested information. Other models exist such as REMI (Regional Economic 

Modeling, Inc.) that are more robust and can be configured for any region within a multi-area 

framework such as HUC 8 sub-basins within the larger area of southwest Georgia. While 

IMPLAN can aggregate combinations of areas into a single region (i.e. a group of counties 

into a region), the results cannot be reported at the area (county) level. Unfortunately, the 

use of REMI for this analysis was both time and cost prohibitive. IMPLAN is an input­

output model in whkh purchases for final use (final demand) drive the model. Industries 

produce goods and services for final demand and purchase goods and services from other 

producers. These other producers in turn purchase goods and services. The buying of goods 

and services (indirect purchases) continues until leakages from the region stops the cycle. 

These indirect effects can be mathematically derived and the resulting set of multipliers 

describe the change of output for each and every regional industry that is caused by a one­

dollar change in final demand for any given industry (Lindall and Olson, 1999). IMPLAN 

was used to estimate the reduction in total regional output caused by a reduction in final 

demand to the farming industry. This reduction in final demand is simply the revenue lost to 

the farming industry resulting from inability to irrigate: In order to look at the impact of 

reducing irrigated acreage by watershed within the IMPLAN county framework, the 

Ichawaynochaway Region was designated as Terrell, Randolph, Calhoun, and Baker 

Counties. The Spring Creek Region was designated as Early, Miller, Seminole, and Decatur 

Counties. 

The reduction in final demand, in this case the output lost from a lack of irrigation, that 

drives the IMPLAN model was calculated based on acreage data, assumptions of crop mix, 

and yield/price information, each of which are discussed below. First, the base number of 

acres from which the above percentage reductions were computed was provided by EPD. 

These "eligible" acres were determined by summing (a) all areas in Ichawaynochaway Creek 

and Spring Creek sub-basins that are irrigated using surface-water and (b) those areas in 

Ichawaynochaway Creek and Spring Creek sub-basins that are irrigated using ground-water 
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from the Upper Floridan. Total acreage meeting the above criteria includes 100,890 in 

fohawaynochaway and 140,130 acres in Spring Creek. This amounts to roughly 66% and 

81 % of the total permitted acres in Ichawaynochaway Creek and Spring Creek sub-basins, 

respectively (Hook et al., 2003). 

The second integral part of the calculation involved several key assumptions regarding basin­

wide crop mix and cropping strategies: (a) it was assumed that any reduction/increase in 

irrigated acreage would only impact the production of com, cotton, and peanuts. While we 

recognize the significant impact of vegetable production in this region, especially in the 

Spring Creek sub-basin, our basis for exclusion of these commodities is two-fold: First, the 

number of acres in vegetable production is relatively small when compared to that of the 

"big-three"; and second, irrigation is considered necessary rather than supplementary for 

meaningful vegetable production (Doherty and McKissick, 2000) . . We deem it highly 

unlikely that vegetable production would be considered without irrigation. (b) reduction in 

crop acreage is assumed to follow a distribution similar to current trends in irrigated acreage. 

That is, 15% com, 50% cotton, and 35% peanut for the southwest Georgia area (USDA Farm 

Service Agency, 2005). Therefore, if irrigated acreage will be reduced in Ichawaynochaway 

by 100 acres, we assume that 15 acres of corn production will be lost, 5 0 acres of cotton, and 

35 acres would come out of irrigated peanut production; and (c) production will still. occur 

on the retired acres on a dry-land basis. The acres per crop used for all can be found in 

Table 1. 

Finally, assumptions on yield and price were mcorporated. Utilizing data collected in 2004 

from the USDA National Peanut Research Laboratory's Multi-Crop Irrigation Research Farm 

located in Randolph County (Upper Ichawaynochaway), an average irrigated and average 

dry-land yield was determined for corn, cotton, and peanut. In the absence of reliable 

county-level yield infonnation, these average crop yields were assumed to be consistent 

throughout both Ichawaynochaway Creek and Spring Creek sub-basins. Price information 

was obtained from "2004 Estimated Georgia Prices" as compiled by the University of 

Georgia College of Agricultural and Environmental Sciences. A summary of irrigated and 

dry-land crop yields as well as price information can be found below in Table 2. 
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The reduction or increase in final basin demand was calculated by multiplying the per-acre 

change in revenue between irrigated and dry land by the acreages associated with the various 

scenarios. For example, a 20% reduction in irrigated acreage in lchawaynochaway amounts 

to 20,178 acres (3,027 corn, 10,089 cotton, and 7,062 peanuts). From Table 2, we can 

calculate the per acre change from dryland to irrigated production to be $197.20, $620.16, 

and $52L36 for com, cotton, and peanuts respectively. By multiplying though by each 

respective crop and then summing, we arrive at the total reduction in final revenue of 

$10,535,562.96. This loss in final demand, which serves as the main input to the IMPLAN 

model, may be explained more clearly as the money that is no longer available to purchase 

goods and services from other sectors. 

The IMPLAN model was run independently for both . the Ichawaynochaway. and Spring 

· Creek Regions. Results showed up to a $24.9 million loss in total output and a loss of 341 

jobs with a 40% reduction in irrigated acreage. Conversely, issuing the backlog created 140 

jobs and an additional $12 million in output. Sectors most impacted by the reduction in 

demand were Farm, Ag Services, Retail and Wholesale Trade and Financial, Insurance, and 

Real Estate (FIRE). Similar results were found in Spring Creek but with a higher magnitude. 

Reducing irrigated acreage by 40% caused a reduction iri total output of $44.6 million and 

nearly 600 jobs. Issuing the backlog in the Spring Creek region would increase output by 

$13.5 million and create an additional 197 jobs. A detailed breakdown of the IMPLAN 

model results can be found in Tables 3-7. Table 3 provides a summary of the direct and total 

change in output and jobs for both regions. Tables .4-7 provide detailed sector analysis for 

both regions at 20%, 30%, and 40% reductions and backlog issuance respectively. It should 

be noted again that the results provided from this preliminary study do not reflect the total 

impact of agriculture on the lower FRB economy. Rather, we have demonstrated the effect, 

through final demand spending of farmers, of a loss of revenue attributed to a reduction of 

irrigated acreage in these two sub-basins. While we can trace the impact of this reduction in 

spending through various other sectors (multipliers), there are further impacts that are beyond 

the scope and measurement capabilities of this IMPLAN study. For example, the value of 

output and jobs lost or gained by processing such as . cotton gins or peanut shellers is not 
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captured in the results discussed above. Further, the reader should be mindful of the 

assumptions leading to the results discussed and be prudent when making comparisons to 

other economic analyses. 

Baseline 20% 30% 40% Bldg. 

Ichawaynochaway 100,890 -20,178 -30,267 -40,356 +16,517 

Peanut -7,062 -10,593 -14,124 +5,781 

Cotton -10,089 -15,133 -20, 178 +8,258 

Corn -3,027 -4,541 -6,054 +2,478 

Spring 140,130 -28,026 -42,039 -56,052 +17,255 

Peanut -9,809 -14,714 -19,618 +6,039 

Cotton -14,013 -21 ,019 -28,026 +8,627 

Corn -4,204 -6,306 -8,408 +2,589 

Table 8.1: Acreage Totals per Crop/Basin Under Each Scenario 

Crop Irrigated Yield Non-Irrig Yield Irrig ( ac/in) $/unit 

Peanut 5256 lb/ac 2512 lb/ac 10.5 $.19 

Cotton 1402 lb/ac 433 lb/ac 11.15 $.64 

Com 185 bu/ac 117 bu/ac 14.95 $2.90 

Table 8.2: Yield and Price Data per Crop 
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Ichawaynochaway Region 

Output (1.395) Employment (1.686) 

Direct Total Direct Total 

Ich - 20% -$10,535,660 -$14,699,214 -101 -170 

Ich - 30% -$15,803,660 -£22,048,819 -151 -254 

Ich - 40% -$21,071,320 -$29,398,430 -202 -341 

Ich-Bklg. +$8,624, 120 +$12,032,259 83 +140 
--,-

Spr~~g ~rtek ie~on _ .. ' ., 
" 

,< • '• 

. .... . .. ; -' .outpJ{(f.szsf -- -~ ~ployment (1~~46) -. - -·· • 'r •- . -~ < • } ; ~ • 

- -
. Dir'.etf '.. < Total 

-
Qire<t~ Total 

. - Spr.-;'20% ~$14,633,383 -$22,3i1,Q?8 -152 -296 
-

" 
Spf-,J0'J1!. : •4, 

-.-$21 950 075 ··-$33 4%" 590 -228 . -445 - l;f?'-, •• ::- ~ .... :,-,,. ..' ... , 1t 
, , ~ - ' 

·S · SpF-4:0.%':_, ,:!_ ·.-~ '"\ i29~i6~,'1'6~ -' -$44,612,051 · -310. ; -596 
-•·- ·. . . ... - - .. -

Sp,.'- Bklg.· .. 
- ,. ~ 

· +$9,009,457 _ +$13,460,439 +102 
. ' 

+197 

Table 8.3: Summary IMPLAN Output by Region, All Scenarios 

Ichawaynocbaway Region Spring Creek, Region . . 
Output Employment ,., . -:_Output . ·Employment 

Manufacturimz - , ... _ ~ 

Non-Durables -$74,086 -0.7 -$364;:286 -1.8 
Durables -$108,026 -0.6 -$f67,930 .:o.s 

Non- .. 
Manufact. ._,.--

-· 
Ag Services -$738,282 -29.8 -$·}~668;524 -71.5 

Mining $0 0 - -$4,740 0 
Construction -$53,054 -1 -$145,239 -2.1 

Trans/Utilities -$374,669 -2.7 
0 

a•$519;583 , .. -3.6 
Ret/Whl Trade -$1,046,811 -7.7 -$1,578~065 -30.2 

Fin/Ins/Real Est -$796,157 -3.1 -$1,562,687 , -8.3 
Services -$414,627 -7.3 -$1,019,382 -17.8 

Government -$184,349 -1.9 
- -$206,99,6 __ -2.5 

Farm -$10,909,152 -105.5 -$15,083,'65S ~-- · -157.7 
TOTAL -$14,699,214 -170 .. ,.$2~,311,058 

,.._ . 
-296.5 

Table 8.4: Detailed IMPLAN Output by Region, 20% Reduction 
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Ichawaynochaway Region Spri1;1.g Creek Region 
Output Employment · Output ' ··· ' :-'-En;iployment 

Manufacturing ' 
-~-~ 

··-
Non-Durables -$111,130 -1.1 -!$54-6,430 - .• 2;7._ 

Durables -$162,040 -0.8 ---$2~;f;895 - -1.3 -

Non- -.. • < 

Manufact. 
Ag Services -$1,l 07,423 -44.5 . . -·-$2,502,786 ": 

,_ 
-107.3 

Mining $0 0 -$7,11 i ' ,:\ 0 
Construction -$79,581 -1.4 -$2_!7;;,8:5.9 ·- -, -3.2 

Trans/Utilities -$562,003 -4.2 -$779;-375" -5·.3 
Ret/Whl Trade -$1,570 217 -26.5 -$2,367,09&·., .. ·· ,;::." .. -45.4 

Fin/Ins/Real Est -$1,194,235 -4.7 .-$_2,J44,a3 r · ·-12 .. s 
Services -$621,941 -10.9 -, .:-sl,544,073 -. · .-26'.7'. -.. _., 

Government -$276,523 -2.8 -~$310,450 •' ~ts-
Farm -$16,363,727 -157.6 -$22,625;~85,'. ~ -23,6.6 

TOTAL -$22,048,819 -254 ~~$33,496,590 ._444.-7" 
Table 8.5: Detailed IMPLAN Output by Region, 30% Reduction 

Ichawaynochaway Region .. - . · Spring Creek'Rel!fon· 
Output Employment OtJ.tput , · Employment 

Manufacturin~ - ' 
- . ·•·..:.... ' 

Non-Durables -$148,174 -1.3 -$724:498' . _ 
' 

-3.6 
Durables -$216,052 -1.2 -$336,546' --,' -1.7 

Non- . ,. - ~•• I 

Manufact. 
, ' ·•· 

Ag Services - -$1,476,564 -59.5 -$3,294):80 _ ,:141.1 
Mimng $0 0 ._·,:· :~$9,459 · 

.. :-_,, 
-0.1 

Construction -$106,108 -1.8 
. 

· -$:289,!287 .4.4 ·_ ·. 
Trans/Utilities -$749,338 -5.6 -$1 ,034,991':?, : -7 
Ret/Whl Trade -$2,093,621 -35.4 . :-$3,148,93..1 · I,''. ·•.• ',.-60.4 

Fin/Ins/Real Est -$1,592,313 -6.3 . ~ ::.$31-126 011 . ' . , . -16;6 
Services -$829,255 -14.5 -$2 06l299. - •. -35.6'• 

Government -$368,697 -3.8 _ -$413,'899 - -5.l 
Farm -$21,818,306 -211 '-· -$30.172,949 !320.8 

TOTAL -$29,398,430 -341 
-

.;.$44,6H;051 -596.4 
Table 8.6: Deta1led IMPLAN Output by Region, 40% Reduction 
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lchawaynochaway Region Sprin2 (:;.reek:(legion 
Output Employment Output • ".". ,1c 

0 :Bn:1ployment 
Man ufacturins; ~ ·1;' t. ,, 

Non-Durables +$51,056 +0.6 +$212,800 · •::.:•'!· 
.. 

+I:i. 
Durables +$74,446 +0.5 '• : +$99,355 - +0.6 

Non- ' 
,. -
., t. 

Manufact. 
·, ·,.. 

.. ··-
Ag Services +$604,332 +24.5 +$959,078 +46.6 

Mining $0 Q +$2;851- 0 
Construction +$43,428 +0.7 ;+$83,649 +1.5 

Trans/Utilities +$306,690 +2.3 ~:'~102,677 +2.3 
Ret/Whl Trade +$856.883 +14.6 '+$946;823 ·-rl9.§ ·_ 

Fin/Ins/Real Est +$651,706 +2.6 ,, 4-$·$._79~2.47 +.5.4 
Services +$339,400 +6 . +$570,261 +11.7 

Government +$150,901 +1.6 · +$:116;282,· +1.7 
Farm +$8,929 ,848 +86.6 +$9,28.8,41~ 105.8 

TOTAL +$12,032,259 +139.8 _ +$13,460,439 +196.6 
Table 8.7: Detailed IMPLAN Output by Region, Issuance of Backlog 
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SECTION 9 : WATER CONSERVATION IN THE FLINT RIVER BASIN 

8.1 Definition 

ltTigation is a critical aspect of agricultural life in Georgia. Many farmers in the st:ate have 

been practicing water conservation for decades. The potential water savings increase every 

year, thanks to improved technology and innovative on-fann management practices (Vickers 

2001). Water conservation is not only good stewardship of the resource, but it a lso saves 

money and in many cases, increases productivity. 

EPD defines water conservation as the beneficial reduction in water use, waste, and loss. 

This definition includes issues related to the efficient use of water and reso\lrce management. 

Such a broad definition applies to aU water users, and does not single out any one user group. 

For example, when faced with the cha11enges presented by limited water resow·ces, all those 

who use that resource must ask about the rate at which water is withdrawn (efficiency), how 

much water can be withdrawn without depleting the resource, and if there other alternatives 

to that source (resource management). By defining water conservation in this way, all water 

users can contribute to discussions about the management and conservation of our water 

resources. 

EPD is currently drafting the first comprehensive statewide water management plan that w ill 

be completed by January 2008. Because water conservation is one of the cornerstone 

elements of the statewide plan, water conservation practices and measures included in the 

Flint Plan should inform the statewide planning efforts. To ensure these two plans are 

compatible, the definitions used in each must be consistent, particularly related to water 

conservation. The statewide plan will encourage all water use groups to implement water­

conserving practices in order to meet the statewide management objective of minimizing 

water withdrawals. Water-conservation practices for farms are well documented and 

generally include source management, the use of reclaimed water, and irrigation efficiency. 

Efforts to minimize water withdrawals are particularly important in sub-areas of the FRB 

where water resources are already strained. 
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9.2 Proposed stratee:ies 

For the purpose of this plan, water-conserving efforts related to source management, reuse, 

and efficiency will be collectively referred to as water conservation. The water conservation 

strategy described below was compiled to capture four critical elements of successful water 

coosetvation planning: education and outreach, technical assistance, funding, information 

management and data analysis, and permitting. 

Conservation education and outreach 

• Enhance partnerships between EPD and other State agencies (such as DNR Wildlife 

Resources Division, Soil and Water Conservation Commission, the Cooperative 

Extension Service) and other entities in the area to develop messages about the 

irnportance of implementing efficient irrigation practices and reducing water 

withdrawals. Target educational efforts in those sensitive sub~basins and extend efforts to 

the rest of the basin. 

Technical assistance 

• EPD will partner with an~ assist these agencies and non-profit entities in the region to 

provide technical consultation, training, and recommendations for agricultural efficiency 

improvements and technical assistance for activities that can effectively reduce water 

withdrawals. Target technical assistance in the sensitive sub-basins. 

• Infotmation about statewide water use and regional water issues will be available to the 

farming community on the EPD website. 

11 EPD will work with other agencies to develop guidance documents to promote voluntary 

besL management practices (BMPs) for minintizing water withdrawals while maintaining 

and enhancing economic, social, and environmental sustainability of soil and crop 

production. Such guidance documents will be provided to all applicants seeking a water 

withru;awal permit. 
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Funding for water conservation practices 

• EPD will work with Georgia Soil and Water Conservation Commission to secure more 

federal funding for water-conservation programs, especially programs targeted to help 

communities in the FRB reduce withdrawals in sensitive sub-basins. The programs 

currently include water efficiency efforts such as end-gun shut off, leak detection and 

repair, and retrofitting of irrigation systems. Programs also include those related to site 

management, including conservation tillage, shifting from high-water using crops, etc. 

• EPD will work with NRCS and the Georgia Environmental Facilities Authority (GEFA) 

to give preference, in the consideration of funding, to applicants who implement water­

conserving practices. 

Information management and data analysis 

• As scheduled in the amended Water Quality Act and Groundwater Use Act, EPD will 

use information collected and compiled by the GSWCC through the irrigation metering 

program. This information will help EPD and other state and federal agencies to identify 

target areas where enhanced water conservation practices are needed. This type of 

monitoring can help target education and outreach and financial assistance programs (as 

described above) most appropriately. 

• EPD will work with other· state and federal agencies to develop a process for 

determining success of water conservation practices. This process should be built around 

the data colletion currently being conducted by the GSWCC and used to identify those 

areas that need additional resources for more conservation implementation and/or 

education efforts. 

Permit conditions 

In ecologically and hydrologically sensitive sub-basins, all new, modified or transferred 

water withdrawal permits (for farm and non-farm activities) can be conditioned in the 

following way: 

0 By statute, all permitees are required to install flow meters and report annual water use, 

developed in conjunction with the SWCC metering program; 
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• To eliminate water loss and water waste, all new farm permits will be required to submit 

a conservation plan as a condition of the permit. Such plans could involve use of cost­

effective, water-efficient conservation technology. These technologies could include, but 

not be limited to, end gun shutoffs, rain gauge shut offs, and pivot-nozzle retrofitting. 

Also, applicants for new, modified, or transferred water withdrawal permit applicants 

could be required to implement water conservation measures. Practices and technology 

that qualify as water efficient will be identified by EPD and other agencies, and 

periodically reviewed to ensure information is current. 

Water loss control 

• EPD will partner with SWCC and other agencies to develop a program to help irrigators 

identify and repair leaks and eliminate off-target application. Program development 

should include the irrigation manufacturers and providers in southwest Georgia. Initially 

the program should target the largest irrigation water users in the basin and then expand 

to the other irrigation users. 

• EPD and its partners will encourage development of individual field irrigation 

scheduling to ensure optimal water, land, and crop input efficiency 

Water withdrawal control during drought 

• As much as possible, EPD will work with surface-water withdrawal permit holders to 

coordinate and/or schedule water use among .multiple users of surface-water sources that 

are home to sensitive aquatic species. 
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GLOSSARY 

Aquifer: a saturated geologic fonnation capable of storing and transmitting economic 
quantities of water 

Base flow: the portion of s stream's discharge derived from ground-water seepage 

Basin: An area drained by a river or stream network. Drainage clivides separate adjacent 
basins. 

Boundary condition: Used for simulating ground-water or surface-water flow, the 
mathematical representation of springs, irrigation drains, wells, 
streams, faults, lakes·, precipitation, evapotranspiration, drainage 
divides, and region be-yortd the model area. 

Calibration: The process by which a computer model's validity is checked against known, 
measured conditions. 

Cone of depression: The 3-dimensional area of drawdown around a pumping well 
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Confined aquifer: an aquifer sealed above and below by impermeable layers, such that water 
in a tightly cased well completed in tbe aquifer would rise above the top of the aquifer 

Confining Unit: an impermeable layer of very low hydraulic conductivity that prevents water 
from leaking out of an aquifer 

Correlation coefficient: a measure of how well two variables are related to each other. A 
perfect correlation has a correlation coefficient of 1.0; that is, changes to one variable 
cause a direct change in the other variable. The closer a correlation coefiicient is to 
1.0, the better the relationship between the two variables being analyzed. Correlation 
coefficients close to - 1.0 indicate a strong opposite correlation between two 
variables. 

Confluence: the point where two streams meet 

Crystalline: rocks composed of interlocking crystals as opposed to fi:agments or particles 

Dip: The "tilt", or inclination, of a rock layer, fault, fracture, or any other planar geologic 
feature. 

Discharge: the amount of water flowing through or past a point or model boundary 

DITTation curve: a graph showing the percentage of time a flow is equaled or exceeded 
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Ecology: the scientific study of the processes influencing the distribution and abundance or 
organisms, the interactions among organisms, and the interactions between organisms 
and the transformation and flux of energy and matter 

Effluent stream: A stream that gains water from the ground or an aquifer. Also called a 
gaining stream. 

Equilibrium: a state of balance, in which flow conditions and model parameters are no longer 
changing. Roughly equivalent to "steady state" . 

Evapotranspiration (ET): The loss of ground-water to the atmosphere by direct evaporation 
from the soil and transpiration from plants (which take ground-water and release it as 
vapor into the air). · 

Farm use: irrigation of any land used for general farming, forage, aquaculture, pasture, turf 
production, orchards, or tree and ornamental nurseries; provisions of water supply for 
farm animals, poultry farming, or any other activity conducted in the course of a 
farming operation. Farm uses shall also include the processing of perishable 
agricultural products and the irrigation of recreational turf, except in Chatham, 
Effingham, Bryan, and Glynn counties, where irrigation of recreational turf shall not 
be considered a farm use. (O.C.G.A. 12-5-92) 

Flow boundary: the point, line, or area across which water flows in a basin. They are 
approximated in a model by flow boundaries. 

Flux: same as flow. "Stream-aquifer flux" refers specifically to the exchange of water 
between streams and the aquifer 

Formation: an aerially extensive geologic layer ofunique physical characteristics that can be 
traced laterally, either underground or at the ground surface, for one mile or more. 

HSPF: a computer surface-water model that simulates streamflow, taking info account 
precipitation, runoff, infiltration, etc. Stands for "Hydrologic Simulation Program -
Fortran". 

Hydrologic Unit Code (HUC): a USGS watershed designation based on the size of the 
watershed. The smaller a watershed is, the larger its HUC designation (e.g. a HUC-
10 is smaller than a HUC-8). The HUC number refers to the number of digits in the 
HUC code (e.g.031300090 104 is a HUC-12). 

Hydraulic Conductivity: a physical property of a geologic formation that determines the 
relative ability of water to flow through that formation; expressed as a velocity, such 
as feet per day. It relates aquifer permeability, hydraulic head, cross sectional area; 
and discharge. Sometimes called "coefficient of permeability", and represented by 
the letter 'K' . Formations with high values of K are good aquifers, such as the 
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Floridan aquifer (K = 2000); those with low values of Kare poor aquifers, like the 
Lisbon Formation that underlies the Floridan (K < 1). 

Hydraulic head: the potential for water to flow in an aquifer, commonly known as water 
level, but comprised of pressure, elevation, and velocity components. 

166 

Hydrograph: a graph showing ground-water levels, stream discharge, or stream stage (height 
above a reference level) 

GIS: Geographic Information System. A complex set of computer mapping software and 
techniques in which many different types of information can be retained and 
displayed in map form. 

GPS: Global Positioning System. A network of satellites that constantly transmit accurate 
locational data to any hand held or fixed receivers on the ground. 

Igneous: a type of rock formed from the cooling and crystallization from a melt 

Influent stream: A stream that loses water to the ground or aquifer. Also called a losing 
stream. 

Infiltration: The process by which precipitation or surface-water soaks into the ground 

Interflow: shallow lateral ground-water flow that occurs between the surface and the water 
table 

Leakage: flow or seepage of water across a model boundary, either laterally (such as to 
streams, irrigation wells, or springs) or vertically 

Metamorphic: a rock type that has enjoyed increased conditions of temperature and pressure 
below the melting point 

MODFE: A ground-water flow model developed by USGS, which uses a grid composed of 
thousands of small triangles to simulate ground-water flow between triangles. Stands 
for Modular Finite Element model. 

Overburden: sediment overlying an aquifer 

Overland flow: water flowing directly across the land surface, outside of stream channels 

Parameter: a factor or variable used to describe a physical process such as ground-water 
flow, values of which are input to a model, such as transmissivity, infiltration rate, 
head, etc 

Percolation: downward seepage of water from the ground surface 
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Recession: decline in ground~water or stream levels on a bydrograph 

Residual water level: in MODFE, a calibration criterion calculated as the difference between 
simulated water level and a measured water level. The greater the difference, the 
higher the residual water level. Ideally, residuals in a calibrated model should be 
small, randomly distributed over a model area, and have an average value near zero. 

Riparian: the zone along either side of a stream or wetland 

Routing: a modeling process that calculates the amount of time it takes a "slug" of water to 
move through a basin 

Runoff: the process by which precipitation or surface-water flows across the land surface 
towards streams, lakes, or ponds 

.Porosity: the percentage of a geologic fo1mation that is empty space. Primary porosity 
consists of open spaces between individual grains or particles; secondary porosity 
consists of fractures and bedding planes that out through the formation. 

Permeability: the ease with which water flows through a formation. A formation may be 
very porous but not very permeable. 

Potentiometric surface: A surface that represents the level to which water would rise in 
tightly cased wells (Fetter) 

Recharge: the addition of water to an aquifer by verticaJ leakage. Typically, leakage is 
downward from the surface or an aquifer outcrop area, but it may be upwards out of a 
confined aquifer into a layer oflower pressure. 

Residuum: the "Jesidu.al" material left on top of an aquifer, derived from the weathering of 
the aquifer itself 

Saprolite: heavily weathered crystalline bedrock, which retains the original fabric of the rock, 
but in which the more easily dissolved minerals have been weathered to clay. 

Sat11rated zone: The part of a soil profile or aquifer that is completed saturated with water. 

Sedimentary: a rock type formed from the settling or precipitation ofrock, mineral, plant, or 
animal fragments; or mineral crystals from a solution. 

Sensitivity: a measure of how much a parameter affects a model outcome. A model may be 
very sensitive to a parameter, meauing that small changes in that parameter cause 
large changes in the model results. 

Steady state: the point where a model bas achieved equilibrium 
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Storage: the process of storing or releasing water stored in an aquifer when the hydraulic 
head changes. This may come from water in pore spaces (such as in an unconfined 
aquifer), or the act-ual decompression of water and the aquifer when pumping occurs 
and head is lowered in a confined aquifer. 

Transient: time-varying hydrologeologic conditions. A transient model analyzes flow under 
time-varying conditions of withdrawals, stream stage, changing head, etc. 

Transmissivity: the rate at which water moves through a width of a fully saturated aquifer or 
confining bed under a hydraulic gradient of 1. It is a function of the nature of the 
aquifer and its thickness; specifically, it is the product of hydraulic conductivity and 
aquifer thickness. Aquifers with high values of transmisssivity, such as the Floridan 
aquifer (T > 1,000,000:ft2/day) are very productive aquifers. 

Unconfined aquifer: an aquifer sealed below by an impe1meable layer, but open to 
atmospheric pressure above. Also called "water table aquifers". The water level in an 
unconfined aquifer is at or below the top of the aquifer, and defines the water table. 

Unimpaired flow: a model simulation of streamflow that removes the effects of dams, 
withdrawals, etc. It seeks to re-create pre-development streamflow. 

Unlithified: not yet turned to rock 

Water budget: a tally of where, and how much, water is entering or leaving a model area 

Water table: the surface or narrow zone below which all open spaces are filled with water. 
Also referred to as the top of the saturated zone. 

Watershed: An area drained by a stream network. Multiple watersheds comprise a river 
basin. 
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APPENDIX I: 
SURFACE-WATER MODEL AND APPLICATION 

11.1 Surface Water Model Development 

EPD ldentified the following key objectives for the FRB surface-water modeling 

component of the study. The surface water modeling should: 

o Simulate and predict stream flow conditions (historic, current and future 

scenarios) in any place of interest in the modeled sub-basins; 

• Evaluate and assess the impact of various management alternatives on stream 

flow conditions as a management tool; 

• Be able to predict changes in water quantity response to a variety of future 

management scenarios; and 

• Be flexible so the tool can be refined to include results of funu·e studies. 

Although USGS stream flow gauge data provides valuable hydrologic information for 

this study, the number of gauge stations with sufficient period of record is limited. 

Methods are needed to provide calculations of stream flow data in ungauged places of 

interest such as known habitats of federal protected mussels to develop a detailed water 

resources management model. Based on these objectives, the BASINS modeling 

platform (Duda et al, 2001) was selected for the watershed modeling. The HSPF 

modeling component within BASINS was used to develop the hydrological model and 

water resources management model for the FRB management. 

l.1.2 Introduction 

The Hydrological Simulation Program-FORTRAN, also known as HSPF, is a 

comprehensive, continuous watershed model and computer software package developed 

under EPA sponsorship for ttse on digital computers to simulate hydrology and associated 

water quality prncesses on pervious and impervious land surfaces and in natural and man­

made water systems such as streams, well-mixed lakes; reservoirs, and impoundrnertts 
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(Duda et al, 2001). HSPF is an analytical computational tool, which can be used in the 

planning, management, design, and operation of water resources systems. The model uses 

historical time-series information of rainfall, evaporation, temperature, and parameters 

related to land use and coverage patterns, soil properties, river channel characteristics, 

and agricultural practices and other water uses to simulate a comprehensive range of 

water quantity and quality processes that occur in a watershed or river basin. (At present, 

the HSPF models developed for the Flint River sub-basins do not incorporate water 

quality, although the models have this capability.) The output of an HSPF simulation is a 

time series of the quantity and quality of water transported over the land surface to the 

streams/rivers, and also through various soil zones down to the groundwater aquifers. 

Runoff flow rate, sediment loads, nutrients, pesticides, toxic chemicals, and other quality 

constituent concentrations can be calculated. The model then uses these results and 

stream channel information to simulate instream processes. 

I.1 .3 Applications 
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HSPF is considered the most comprehensive and flexible watershed model available for . 

hydrology and water quality simulation. It is currently one of the ve1y few available models 

that can simulate a continuous, dynamic event, or steady-state behavior of both hydro logic / 

hydraulic and water quality processes in a watershed. HSPF uses existing meteorologic and 

hydrologic data; soils and topographic information; and land use, drainage, and system 

(physical and man-made) characteristics to simulate water quantity and quality response 

occurring in a watershed with reasonable accuracy. The potential applications and uses of the 

model include: (Aqua Terra Consulting website) 

o Flood control planning and operations 
• Hydropower studies 
o River basin and watershed planning 
• Storm drainage analyses 
• Water quality planning and management 
o Point and nonpoint source pollution analyses 
• Soil erosion and sediment transport studies 
• Evaluation of urban and agricultural best management practices 
• Fate, transport, exposure assessment, and control of pesticides, nutrients, and 

toxic substances 
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I.1.4 Model Structure and Functionality 

HSPF contains three application modules and five utility modules. The three application 

modules simulate the hydrologic/hydraulic and water quality components of the 

watershed. The utility modules are used to manipulate and analyze time-series data. 

Brief descriptions of the modules follow: (Bicknell et al. 2001) 

Application Modules: 

The three application modules are: 

• PERLND - Simulates runoff and water quality constituents from pervious land 

areas in the watershed. It is the most frequently used part of HSPF. To simulate these 

processes, PERLND models the movement of water along three paths: overland flow, 

interflow, and groundwater flow. Each of these three paths experiences differences in 

time delay and differences in interactions between water and its various dissolved 

constituents. A variety of storage zones are used to represent the processes that occur on 

the land surface and in the soil horizons. Some of the capabilities available in the 

PERLND module include the simulation of: water budget, snow accumulation and melt, 

sediment production and removal, nitrogen and phosphorous behavior, pesticide 

behavior, movement of a tracer chemical. 

• IMPLND - Simulates impervious land area runoff and water quality. IMPLND is 

used in urban areas where little or no infiltration occurs. IMPLND includes all of the 

pollutant wash off capabilities of the commonly used urban runoff models, such as the 

STORM, SWMM, and NPS models. 

o RCHRES - Simulates the movement of runoff water and its associated water 

quality constituents in stream channels and mixed reservoirs. RCHRES is used to route 

runoff and water quality constituents simulated by PERLND and IMPLND through 

stream channel networks and reservoirs. The processes that can be modeled include: 

Hydraulic behavior, Water temperature; Inorganic sediment deposition, scour, and 

transport by particle size; Chemical partitioning, hydrolysis, volatilization, oxidation, 

biodegradation, and radionuclide decay; DO and BOD balances; Inorganic nitrogen and 
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phosphorous balances; Plankton populations1 pH, carbon dioxide, total inorganic carbon0 

and alkalinity. 
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Util•ty Modules 

The five utility modules are used to access, manipulate, and analyze time series 

i.nformation stored by the user in HSPF's TSS (Time Series Store) and WDM (Watershed 

Data Management) files. These time series, such as homly precipitation, daily 

evaporation, daily stream flow, are used by the application modules. The five utility 

modules are: 

• COPY - copy data in the TSS to another file 

• PLTGEN - generates a plot file for data display on a plotter 

• DISPL Y - creates data display tables 

• DURANL - perfonns frequency, duration, and excursion analyses; computes 

statistics; and performs toxicity/lethality analysis 

• GENER - permits the transformation of a time set-ies to produce a second, 

different time series 

I.1.5 Basic Concept aud Principle in HSPF Model 

HSPF has its origin in the Stanford Watershed Model developed by Crawford and 

Linsley (1966). The model is classed as a general-purpose model; "general purpose" is 

defined as a comprehensive representation of the hydro logic cycle, which can be used to 

represent a broad variety of catchments regimes. This model has been widely 

recognized as one of the best watershed models available and has been applied to many 

catchments throughout the world. 

The model is a conceptual representation of the complete land phase of the hydrological 

cycle and ls based on the following principles: (Computer Simulation In Hydrology) 
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• The model should represent the hydrological regimes of a wide variety of streams 

and rivers with a high order of accuracy . . 

• It should be easily applied to different watersheds with existing hydrological data. 

• The model should be physically relevant so that estimates of other useful data in 

addition to stream flow, such as overland flow or actual evapotranspiration, can be 

obtained. 

Fig. 1-1 is a flowchart depicting the structure of the SWM IV. (Crawford and Linsley, 

1966) 
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In SWM, the various hydrologic processes are represented mathematically as flows and 

storages. Each flow is an outflow from a storage, usually expressed as a function of the 

current storage amount and the physical characteristics of the subsystem. Thus, the 

overall model is physically based, although many of the flows and storages are 

represented in a simplified or conceptual manner. For simulation with the model, the . 

basin has to be represented in terms of land segments . and reaches/reservoirs. A land 

segment is a subdivision of the simulated watershed. A segment of land that has the 

capacity to allqw enough infiltration to influence the water budget is considered pervious. 

Otherwise it is considered impervious. The two groups of land segments are simulated 

independently. (Hydrocomp, Inc. Website) 

SWM divides land and ground into three different zones: upper zone, lower zone and 

groundwater storage, plus a zone above the ground. The model simulates the water 

movement along three paths: overland flow, interflow and groundwater flow. Water goes 

from clouds to ground surface, then to upper zone, lower zone and finally to 

groundwater. In each zone, the hydrologic processes include flow, interception or 

storage, and evapotranspiration. All these processes are part of the hydro logic cycle and 

follow the water balance equation. 

When rain or snow falls to land surface, part of the precipitation is retained on the plants, 

called interception. From there, it is evaporated without adding to moisture storage of the 
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soil. The pottion of precipitation intercepted by plants is measured by the parameter 

CEFSC. The rest of precipitation goes to the upper zone, in which, water first filJs upper 

zone storage measured by parameter UZSN, tben some of the water goes through the 

upper zone directly to the lower zone, some becomes the interflow measured by 

I,)arameter INTFW in the upper zone, and finally, overland flow is formed when 

infiltration capability is exceeded. Infiltration capability is measured by parameter, 

INFILT. Tbe overland flow and interflow go directly to the stream, while the water in 

upper zone storage eventually goes to lower zone or groundwater storage through 

depletion in addition to evapotranspiration. The water that goes to the lower zone first 

fills lower zone storage (capacity measured by parameter LZSN), then the rest of the 

water goes to grolmdwater storage, in which, some of the groundwater will go to the deep 

or inactive groundwater storage (amount measured by parameter DEEPER), while some 

will recharge into stream flow (amount is measured by parameter AGWRC). Notice that 

waters in any storage zone are all subject to evapotranspiration. 

The hydraulic processes that occur in the river channel network arc simulated by reaches. 

The outflow from a reach or a completely mixed lake may be distributed across several 

targets to represent normal outflow, diversions and multiple gates on a lake or reservoir. 

Evaporation, precipitation and other fluxes that take place in the surface are also 

represented. Routing is done using a modified version of the kinematic wave equation. 
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I.1.6 Data Needed for HSPF 

• Meteorological Data 

Precipitation and Other Meteorological data: hourly time series data including 

evaporation, air temperature, cloud cover, dew point temperature, wind speed, and solar 

radiation. For hydrological modeling purposes, such as the FRB study, only evaporation 

and air temperature are needed. 

• Land Cover Data 

• Stream Channel Characterization: the hydraulic characteristics of each stream 

reachincluding the flow rate, surface area, and volume as a function of the water 

depth, channel slope and roughness coefficient etc. 

• Hydrologic and Water Quality Data: these include observed flow and water qt1ality 

data. 

Water Withdrawals: these include surface water and groundwater withdrawals due 

to agriculture irrigation, municipal a11d industrial water use etc., and surface water 

reduction due groundwater pumping. 

I. l. 7 Model Development Process 
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The processes of a hydrological model development by using HSPF include fo llowing 

steps: 

• Data preparation 

To develop the model using WinHSPF, the study area needs to be delineated into a 

number of sub-basins and the data described above needs to be collected as model input. 

The delineation and data collection are conducted Ln the BASIN 3 .1 platform based 

ARCVIEW GIS. The data is then input into WlNHSPF to construct the watershed model. 

o M0del Assembling 

Based on the data collected in the previous step, an initial hydrologic model is 

constructed and assembled in WINHSPP. 
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• Model Calibration 

The initial model is tuned so that the simulated flow resembles the observed flow as 

closely as possible (Aqua Terra et al, 2004). This is completed by adjusting various input 

parameters within the WinHSPF model. Several indices, including Correlation 

Coefficient, Coefficient of Determination and Nash-Sutcliffe Coefficient, were used to 

measure "the goodness of fit" between the simulated flow and observed flow at the 

calibration station. 

• Model Validation 

After model calibration, the calibrated model needs to be verified and validated by 

comparing simulated flow and observed flow for different time periods. A reasonable 

match between the two flows should be achieved; otherwise, the model needs to be 

recalibrated. 

• Model Applications 
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The validated model then can be used for application and analysis for various future 

scenarios. 

I.2 Model Calibration and Validation 

HSPF models must first be calibrated to available, long-term flow data before they can be 

used to estimate effects of future water use. The purpose of calibration is to match simulated 

stream flow with observed stream flow for the period before irrigation was widely used. 

Simulated streamflow is based on historic water use, rainfall, land use, soil properties, and 

river channel hydraulic characteristics during periods of limited irrigation. Model parameters 

are then adjusted within acceptable bounds to obtain a satisfactory correlation with observed 

flow in the sub-basins. The calibration period selected is prior to 1976, when there was 

relatively little irrigation in southwest Georgia. Using the calibrated model and parameter 

values obtained from calibration, estimates of post-1975 irrigation usage, rainfall, and other 

data were input to the model and computed flow rates from were compared to observed post-

GA00185918 



184 

1975 data in a process called model validation. Data sources and results of this process are 

presented in the following subsections for the Ichawaynochaway Creek, Spring Creek, and 

Lower Flint sub-basins. Very similar methods were used to calibrate and validate the HSPF 

models for each sub-basin; however, it was necessary to consider and incorporate differences 

in data such as periods of record and rainfall data. 

1.2.1. Model Calibration 

1.2.1.1. Icbawaynochaway Creek Sub-Basin 

The USGS gauge at Milford (#02353500) on Ichawaynocbaway Creek (Figure I.2.-1) is the 

only stream gauge in the sub-basin with an extensive period of record pre- and post­

irrigation and therefore the only location suitable for model calibration. Hourly or daily 

meteorological records were available at several stations (Figure 1.2-1) in or near the sub­

basin (Cuthbert, Dawson, Morgan, Albany, Edison, Colquitt, and Camilla) from which 

rainfall data could be obtained for 1950 through 1975 and 1976 through 1995, periods of 

time considered sufficient for calibration and validation. Gaps in the precipitation data, 

found at every meteorological station, have been filled using available data from lhe nearest 

stations 

Flow and meteorological data from 1950 through l975 were input to the HSPF surface-water 

model, and a series of simulations was run for comparison with observed flow at Milford 

under conditions of no agricultural irrigation, Calibration indices, including Correlation 

Coefficient, Coefficient of Determination, and Nash-Sutcliffe Coefficient, were computed as 

a measure of "goodness of fit". Parameters were varied to best match dry-season flows, as 

these are most important to analyzing how permit management policies may affect critical 

(low) flow conditions during droughts. Generally, the fit to historical data was reasonably 

good. Selection of the "best" model parameters was influenced by the need to keep these 

parameters within acceptable ranges; consistency with the characteristics of the other sub­

basins; and the hydrologic and geologic characteristics of the modeled sub-basins. The 
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Ichawaynochaway Creek model calibration parameters are listed in Table I.2-1 and the 

calibration indices are listed in Table I.2-2. 

Comparisons of model simulation and historical flows at the Milford gauge for years 1955 (a 

drought year), 1958 (a normal year), and 1973 (a wet year) are shown in Figures I.2-2 thru 

I.2-4. Despite the statistically "good" fit, as measured by the calibration indices, the 

simulations do not precisely match measured flow rates. The HSPF model uses rainfall as 

the driving mechanism for simulated stream flow. When meteorological stations do not. 

record a rainfall event responsible for the Milford stream flow at any given time period, flow 

peaks will be missed during simulation, or if a localized storm occurs at a meteorological 

station but does not affect streamflow, peaks will be simulated which did not actually occur. 

Other mismatches in calibration can be caused by errors in gauge measurements, and in 

water withdrawal or return rates (most evident during post 1975 irrigation periods, see 

Section I.2 .1.2). Extremely low flows cannot be accurately simulated with consistency by 

the model due to the cumulative uncertainty in the process (i.e. measurement errors, 

modeling uncertainties, etc.). However, the model is considered to be sufficiently accurate to 

indicate conditions that should be avoided, or corrected in some way, to prevent extended 

low-flow conditions. 

Another method of displaying the comparison between the calibrated model and measured 

flow data for the period 1950 through 1975 is the flow duration, or flow exceedance, curve in 

Figure I.2-5. As an example, this curve shows that 10% of the time (horizontal axis) 

simulated and measured flow at Milford (vertical axis), over the whole period of record from 

1950 through 1975, exceeds about 2000 cfs. The calibration simulation exceeds the observed 

flow rate over the upper 8% of the flow range and is slightly below observed flows over the 

lowest 80% of the flows. 

I.2.1 .2. Model validation 
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The process of model calibration was performed for the period prior to extensive agricultural · 

irrigation. Conseque.ntly, no irrigation withdrawals were used in calibration simulations. 

Before the model can be used for estimation of future irrigation water use scenarios, 

however, it should first be validated for a different period of time. For the HSPF models, the 

validation period was chosen to be one in which significant irrigation withdrawals were taken 

from the sub-basin. Based on estimates shown in Figure I.2-6, widespread irrigation started 

around 1976 (Hook, 2005). 

Model validation started with the calibrated model developed as described in Section I.2 .1.1, 

but with the addition of estimated agricultural withdrawal rates believed to correspond to 

historically varying rates for the period 1976 thru 2003. Estimated irrigation rates and 

distributions (Hook et al, 2005) from which sub-basin specific estimates were derived for 

2001-2002 were used in the validation model (Table I.2-3). These rates were then adjusted 

for each year of the validation period by applying the regression curve formula shown in 

Figure I.2-6. 

Also required for the validation simulation is the effect of assumed historical groundwater 

withdrawal on surface water flow. The USGS calibrated the transient MODFE model for the 

period from March 2001 to February 2002, which includes all of the growing season months 

of 2001. Based on the USGS calibration, EPD · divided the USGS modeling area into 

additional sub-basins and computed flow reductions by stream reaches for each sub-basin 

based on the calibrated pumping rates by comparing to the rates with no pumping. Table I.2-

4 provides the estimated cumulative flow reductions derived from the MODFE model at 

Milford on the Ichawaynochaway, Iron City on Spring Creek, and Bainbridge on the Lower 

Flint for estimated pumping rates in 2001 . 

With the estimated surface and groundwater irrigation rates and the calculated reduction in 

surface water flow due to groundwater withdrawal, the validation model was run for the 

period 1976 through 1995. Surface and groundwater pumping rates for this period were 

estimated from current irrigation acreage, modified by the historic rate of growth of irrigation 

over this period, and the drought and normal year application rates as discussed above. 

GA00185921 



187 

As was done for model calibration in Subsection I.2. 1.1, comparisons of model validation 

and historic flows at the Milford gauge for years 2000 (a drnught year), 1983 (a nonnal year), 

and 1998 (a wet year) are shown in Figures I.2-7 thru I.2-9. Again, the simulations do not 

perfectly match. In these validation simulations, there are additional uncertainties of 

irrigation water use rate and distribution and the effect of groundwater withdrawal on sh'eam 

flow. However, the overall model validation indices listed in Table I.2-5 are still acceptable. 

The validation period exceedance curve comparison is shown in Figure I.2-10. This graph 

shows that deviations above and below the historical exceedances are focused at the upper 

and lower ends of the flow range, respectively. 

T.2.2. Spring Creek Sub-Basin 

I.2.2.1 Model Calibration 

The USGS gauge on Spring Creek (#02357000) near Iron City (Figure 1.2-11) is the only 

flow gauge in the sub-basin with an e)\.1;ensive period of record both pre- and post-irrigation 

and therefore is the only location suitable for model calibration. Hourly or daily 

meteorological records were available at several stations (Figure 1.2-11) within or near the 

sub-basin (Edison, Blakely, and Colquitt) from which rainfall data could be obtained for 

periods from 1950 thru 1975 and from 1976 thru 2003, periods of time considered sufficient 

for the purposes of calibration and validation. 

The SJ?ring Creek model calibration parameters are listed in 1'able 1.2-1 and the calibration 

indices are listed in Table 12-2. Comparisons of model simulation and historical flows at the 

Iron City gauge for years 1956(a drought year), 1958 (a ''normal" year) and I 965(a wet year) 

are shown in Figures 1.2-12 thru I.2-14. Despite tbe statistically "good" fit, as measured by 

the calibration indices, the simulations do not precisely match measured flow rates. As with 

tb.e calibration for Ichawaynochaway Creek, extremely low flows cannot be accurately 

simulated with consistency by the model. 
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A flow exceedance curve for the Spring Creek model calibration is shown in Figure I.2-15. 

This curve shows that 80% of the time (horizontal axis) the simulated and measured flow at 

Iron City (vertical axis), over the whole period of record from 1950 thrn 1971 (gauge flow 

data is absent from 1971-1975), exceeds about 100 cfs. The calibration simulation slightly 

exceeds the measured flow rate over the upper 7% of the flow range and is below the 

measured flows over the lowest 1 % of the flows. 

I.2.2.2. Model Validation 

The Spring Creek validation model was run for the period from 1982 thru 2001 (gauge flow 

data is missing from 1976 to 1982). Comparisons of model simulation and historical flows at 

the Iron City gauge for years 1988(a drought year), 1983(a normal year), and 1989(a wet 

year ) are shown in Figures I.2-16 thru I.2-18. Again, the simulations are not a perfect 

match; in this case there are the additional uncertainties of the irrigation water use rate and 

distribution and the groundwater withdrawal effect on streamflow. However, the overall 

model validation indices listed in Table 1.2-5 are acceptable. 

The validation period exceedance curve comparison is shown in Figure I.2-19. This graph 

shows that simulated flow is slightly higher than observed flow statistically, but in general, 

both match satisfactorily. 

I.2.3 Lower Flint River Sub-Basin 

1.2.3 .1 Model Calibration 

Inside the Lower Flint River Sub-Basin, two USGS gauging stations have long-term 

observations enabling calibration. These two stations are Flint River near Newton 

(#02353000) and Flint River near Bainbridge (#02356000). The record at the Newton station 
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contains data of in-stream flow rates for the period from 1956 to present; and the record at 

the Bainbridge station contains the same type of data for the period from 1928 to 1971 . Date 

at both stations can be used in the calibration process. Because the Bainbridge gauge covers 

significantly more drainage area in the basin, that data was chosen for HSPF model 

calibration. Daily meteorological data at five different rain gauges, both inside and outside 

(but close to) the Lower Flint Sub-Basin, are available. These rain gauges are located at 

Albany, . Bainbridge, Cairo, Camilla, and Colquitt. Most of these gauges have recorded 

historic precipitation data from 1950 to August of2003 

A map showing the delineation of the Lower Flint River Sub-Basin, locations of the USGS 

gauges, and locations of the meteorological stations is shown in Figure I.2 - 20. It is worth 

noting that this sub-basin has two points of inflow from upstream: the Flint River at Albany 

and Ichawaynochaway Creek. Recorded historic flow at Flint River near Albany 

(#02352500) was used as inflow to the most upstream sub-watershed (No. 5). Simulated 

flow at the outlet of the Ichawaynochaway Creek ( see Section I.2 .1 for details) was used as 

inflow to sub-watershed 23. The locations of these inflows are shown in the map with blue 

downward arrows. 

The Lower Flint River Subs Basin model parameters obtained from the calibration process are 

listed in Table I.2 - 1 and the calibration indices in Table I.2 - 2. 

Comparison of simulated and observed historic flows at Flint River at Bainbridge for years 

1955 (a drought year), 1958 (a normal year), and 1965 (a wet year) are shown in Figures I.2 

- 21 through I.2 - 23. As shown by both these figures and the calibration indices, the match 

between simulated flow and observed flow is quite good. This is in part due to the dominant 

effect of the inflow from upstream. Tributary flow originating within this sub-basin is 

relatively small compared to the magnitude of the inflow. Nonetheless, tributary flow 

simulated from rainfall-driven runoff by the HSPF model contributed to satisfactory 

matching between simulated and observed flow at Bainbridge, which provides confidence in 

using the model to assist management decisions in this sub-basin. 
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Exceedance curves of simulated and observed flow at Bainbridge are shown in Figure 1.2 -5. 

The close match at all levels of the exceedance curves strongly indicates satisfactory 

calibration of the Lower FRB surface water model. 

1.2.3.2. Model Validation 

Ideally, the validation of the Lower Flint River Sub-Basin should be conducted usjng an 

independent flow data set on the Flint River at Bainbridge, the same location used for 

calibration. However, USGS ceased operating the Bainbridge gauge after September 30, 

1971; the gauge did not resume operation until October 1, 2001. Given the absence of an 

independent data set at Bainbddge, we chose to validate the model using flow rates observed 

on the Flint River at Newton (#02353000) in the period from 1976 to 2003, even though the 

Newton gauge only includes about 40% of the drainage area above the Bainbridge gauge 

within this Sub-Basin. 

As was done for the calibration in Subsection I.2.3.l, comparisons of model simulation and 

historical flows at the Newton gauge for years 2000 (a dry year), 1983 (a normal year), and 

1998 (a wet year) are shown in Figures 2.3 - 25through 2.3 - 27. Slight deviations from the 

observed flow can be seen; however, the simulation followed observed flows closely. Tn 

fact, the model's indices1 shown in Tab le I.2 - 5, indicate a satisfactory validation. 

The validation period exceedance curve comparison is shown in Figure I.2 - 9. It can be 

seen that the simulated data closely matches the observed data, providing additional 

confidence in the application of the surface water model. 

1.3. Model Simulations 

I.3 , I. Description of Model Scenarios 
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The challenge faced in developing a permit management plan for agricultural water use in the 

FRB requires that representative future scenarios of agricultural water use be tested for their 

likely effects on surface-water. The tool to be used to test these scenarios is a combination of 

the USGS MODFE groundwater model and the calibrated HSPF surface-water models. The 

computer models have been described in Sections I. 1. and I.2. Scenarios for future water 

usage are described in this subsection. 

Estimated current and backlog (i.e., irrigation pennit applications which have been submitted 

to EPD during the moratorium but not yet acted upon) acreages irrigated from surface water 

and groundwater sources in the Flint sub-basins are shown in Table I.3-1. Among the three 

sub-basins being modeled, the Lower Flint has the most irrigated land (about 170,000 acres), 

98% of which are irrigated from Upper Floridan aquifer groundwater. Spring Creek has 

about 139,000 irrigated acres, 92% from groundwater, and Ichawaynochaway Creek has 

100,000 acres, with 66% irrigated from surface water sources. Current application rates in 

inches per month are given for typical rainfall and drought years, by sub-basin, and for 

groundwater and surface water sources in Table I.3-2. . 

Tables I.3-1 and I.3-2 are the basis for the Current Irrigation Scenario. Other scenarios 

modeled include the Backlog Scenario, which accounts for the option of approving all permit 

applications received by EPD during the permit moratorium, which began in 1999. This is 

equivalent to an increase in irrigation acreage of about 18% above currently mapped acreage 

irrigated by ground and surface water permits for the entire Flint Basin. A further increase in 

irrigation water use is represented by increasing the application rates for the Backlog 

Scenario by 25%, for example as a result of an extensive Crop Mix Scenario change. 

Finally, in case the evaluations of model results show that the Current Scenario over­

allocates the water supply under drought conditions, Cutback Scenarios of 80%, 70%, and 

60% of current irrigation use rates are also modeled. 

I.3 .2. Model Results 
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I.3.2.1. Groundwater Model Results 

The USGS MODFE model was used to compute the estimated reduction in surface water 

flow rates in each of the modeled sub-basins for each scenario in both dry and normal rainfall 

years. The computations are made monthly for each stream reach in the model area and can 

therefore be accumulated for each node in the model. Table 1.3-3 provides an example 

comparison of the calculated stream flow reductions ( compared to simulated scenarios of no 

pumping) at selected nodes (the Milford gage on Ichawaynochaway Creek, the Iron City 

gauge on Spring Creek, and the Bainbridge gauge on the Lower Flint) for the Current, 

Backlog, and 1.25xBacklog scenarios in the growing season months of a drought and normal 

year. Streamflow reductions are much greater at the Bainbridge gauge in the Lower Flint 

sub-basin and at Iron City in the Spring Creek sub-basin than at the Milford gauge in the 

Ichawaynochaway Creek sub-basin due to the larger number of irrigation wells in the former 

two basins. The computed daily flow reductions obtained from MODFE for these locations 

are subtracted from the corresponding daily flow rates in the HSPF models to yield the 

estimated surface flow rates for each scenario at each model node (See Section I.3.2.2). 

I.3.2.2. Surface Water Model Results 

In order to evaluate the effect of a range of future agricultural irrigation pumping rates, the 

calibrated HSPF sub-basin models were applied to the hydrologic period extending from1950 

thru 2003 with the pumping scenarios described in Section I.3 .1. Using the criterion that 

unimpaired flow rates at the Newton gauge (US Army Corps of Engineers, 1997) be among 

the lowest 25% in the historical record for the growing season, years that met the criterion 

were considered drought years and thus chosen for higher irrigation rates in the model runs 

were 1951, 1954, 1955, 1956, 1968, 1977, 1981, 1985, 1986, 1988, 1990, 1995, 1999, 2000, 

and 2002. This 54-year sequence of climatic conditions represents one possible view of the 

future: Due to the complexity of changing data input for both models in their current 

formats, multiple sequences of statistically comparable, yet randomly varying, hydrologic 
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conditions can not be set up and computed in an efficient manner. This is a goal for futu1·e 

analysis. 

To illustrate the range of modeled flow effects, Figures I.3-1, I.3-2, and I.3-3 compare the 

computed flow exceedance curves for the Cmrent, Backlog, and 1.25 x Backlog (the latter 

representing future, significantly higher irrigation rates, such as may be due to a crop mi,'( 

requiring much greater irrigation rates) scenarios in the Ichawaynochaway Creek, Spring 

Creek, and Lower Flint River sub-basins. For ex.ample, on lchawaynochaway Creek near 

Milford, the flow rate exceeded 95% of the time can be seen to decrease from about 120 cfs 

for the Current Scenario to about 110 cfs for the Backlog Scenario and to about 95 cfs for the 

1.25 x Backlog Scenario. On Spring Creek near Iron City, the flow rate exceeded 95% of 

the time can be seen to decrease from about 25 cfs for the Current Scenario to about 20 cfs 

for the Backlog Scenario and to about 10 cfs for the l.25 x Backlog Scenario. On the Flint 

River at Bainbridge, the flow rate exceeded 95% of the time is about 2280 cfs for the Cttrrent 

Scen_ario; it is reduced to about 2250 cfs for the Backlog Scenario, and further reduced to 

about 2200 cfs for the 1.25 x Backlog Scenario. These effects include the computed 

groundwater reductions described in Section I.3.2.1 from the MODFE model. 

Another view of the modeled effects on flow rates can be illustrated by looking at daily flow 

rates computed for specific years at the same model nodes. Using the years chosen to 

illustrate the model calibration results in Section L2.l.l (a drought, wet, and normal year), 

Figures I.3-4 thru I.3-12 present comparison~ of the simulated flow rates for the Current, 

Backlog, and l .25xBacklog Scenarios. Specifically, Figures I.3-4 through 1.3-6 show 

simulated stream flow on Ichawaynochaway Creek near Milford under the three scenarios in 

1955 (drought year), l 958 (normal year), and 1973 (wet year). Figures I.3-7 through 1.3-9 

show simulated stream flow on Spring Creek near Iron City under the three scenarios in 1988 

(drought year), 1958 (normal year), and 1965 (wet year), and Figures I.3-10 through 1.3-12 

show simulated stream flow on tbe Flint River at Bainbridge under the three scenarios in 

1955 (drought year), 1958 (normal year), and 1973 (wet year). It can be seen that rhe most 

significant differences in simulated stream flow rates occur in drought years. For ex.ample, 

the lowest flow rate at Icbawaynochaway Creek near Milford, given the 1955 meteorology 
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(Figure I.3-4), is about 60 cfs under the Current Irrigation Scenario. The flow rate is reduced 

to less than 40 cfs under the Backlog Irrigation Scenario, and to less than 20 cfs under the 

1.25 x Backlog Scenario. 

I.4 Scenario Impact Evaluation 

I.4.1. Discussion oflnstream Flow Impact Criteria 

Having computed stream flows resulting from several possible future irrigation scenarios, the 

next step is to evaluate the impact of these reduced flow rates ontwo sets of criteria: 1) low 

flow criteria that would be protective of endangered aquatic species and 2) the effect on 

streamflows protective of water quality standards. 

I.4. 1. L Aquatic Habitat Protection Stream Flow Criteria 

As part of the federal agency preparation for review of negotiated ACT and ACF basins 

Water Allocation Formulas between Georgia, Alabama, and Florida, the U.S. · Fish & 

Wildlife Service and U. S. Environmental Protection Agency (USEPA) developed a set of 

draft guidelines for protection of the basins' riverine ecosystems. The guidelines were 

intendedfor evaluation under the FWS's Endangered Species Act authority and EPA's Clean 

Water Act authority. The guidelines were not intended to be exclusive, but stated that an 

allocation formula that di.d not comply with the guidelines would require a more detailed 

review by both agencies. It was felt that the guidelines would protect both the present 

· structure and fµnction of the riverine ecosystems as well as endangered species (USFWS and 

USEPA, October 25, 1999). · 

The Flint River Technical Advisory Committee agreed that the Monthly 1-day Flow Minima 

(Ul) and the Annual Low-Flow Duration (U2) guidelines would be an appropriate measure 

of the impact on streamflows resulting from the range of irrigation scenarios described 

above. Specifically, these guidelines (USFWS and USEPA, October 25, 1999) are defined 

as: 
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U 1: Monthly 1-day minima 

Computational definition: using the complete daily discharge record for the reach, 
compute the 1-day minimum flow for each month of the year in all years. Compute the 
minimum, 25th percentile, and median of these minimum flow values. For each future 
month, the 1-day minimum flow guideline is to: 

d. Exceed the minimum in every. year. 
e. Exceed the 25 th percentile in 3 out of 4 years. 
f. Exceed the median in half of the years. 

U2: Annual low-flow duration 

Computational definition: using the computed daily discharge record for the reach, 
compute the average annual discharge (AAD) for each calendar year, and then the average of 
these annual values. Compute the number of days per year for each calendar year durin~ 
which daily discharge is less than 25 percent of the AAD. Compute the maximum, 75 
percentile, and median of these values. For each future year the guideline is: 

d. Do not exceed the maximum duration in any years. 
e. Do not exceed the 75th percentile in 3 out of 4 years. 
f. Do not exceed the median in half the years. 

Maintenance of the Ul and U2 guidelines in the Flint Basin would be an attempt to prevent 

irrigation in the Flint Basin from lowering the monthly historical 1-day low flow minima and 

also from increasing the duration of annual low flow conditions. 

I.4.1.2. Water Quality Guidelines 

Potential impacts to water quality may also be important to the evaluation of scenario model 

results in the FRB. Georgia EPD develops waste-load allocations and associated National 

Pollutant Discharge Elimination System (NPDES) permit limits for municipal and industrial 

surface water discharges that protect in-stream dissolved oxygen standards and other in­

stream water quality criteria. NPDES permits are developed to protect water-quality 

standards using a minimum stream flow equal to the annual 7Q10; i.e. the minimum 7-day 

average stream flow having a 10 percent chance of occurrence in any year, or a theoretical 
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recurrence interval of 10 years. Changes to surface water hydrology that cause stream flows 

to more frequently be less than the 7Q10 used to determine NPDES limits could adversely 

affect a stream's ability to meet the dissolved oxygen standard and other criteria during 

critical low flow conditions. If decreased stream flows persist for a long period, such that 

annual 7Q10 must be re-calculated downward, allowable waste-load allocations may need·to 

be decreased to prevent the new, more rigorous standards from being violated. This could 

impose an additional water treatment burden on those municipalities or industries with 

NPDES permits. 

To address this, ririgation scenario model results were evaluated for their potential effect on 

the frequency of 7Q10 flows at selected locations in the sub-basins. 

I.4.2. Computation of In-stream flow criteria 

For the purposes of this Plan, in-stream flow criteria are calculated at three representative 

gauge locations: Ichawaynochaway Creek at Milford, Spring Creek near Iron City, and the 

Flint River at Bainbridge. 

I.4.2.1 Aquatic Habitat Protection Stream Flow Criteria 

Table I4-1 presents comparisons of the aquatic habitat guidelines computed for each of the 

gauge locations based on the full period of record at each gauge location. 

I.4.2.2 Water Quality Guidelines 

A review of historic streamflow data and NPDES permit conditions, as well as computation 

of 7Q 10 flow rates for various time periods, indicates that the 7Q 10 used by EPD to set 

current permit discharge limits in Southwest Georgia was based on pre-1970 historic flow 

data. The computed 7Q10 for this period is 2500 cfs for Bainbridge, 140 cfs at Milford, and 

15 cfs for Iron City. 
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I.4.3 Model Scenario Effects 

I.4.3.l. Aquatic Habitat Protection Stream Flow Guidelines 

The effects on Ul and U2 stream flow guidelines can be computed for the future irrigation 

scenarios described in Section I.3. In these model runs, assumed irrigation distribution 

patterns and application rates for each scenario are modeled for the 54-year hydrologic 

pattern observed for the period from 1950-2003. The irrigation acreage does not change 

from year to year in these scenarios (see Table I.3-1) and the application rates change only 

according to whether a particular year was a drought or not (Table I.3-2). The 54-year series 

of computed flow rates can be viewed as being representative of the likelihood that particular 

surface water flow rates will be observed if the climatological conditions and irrigation 

patterns do not significantly change from those modeled. 

. Thus, to meet the Ul guidelines described and computed in Sections I.4.1 and I.4.2, and 

shown in Table I.4-1, none of the monthly 1-day minimum flow rates computed for the 

future scenarios as shown in Table I.4-2 for Ichawaynochaway Creek at Milford should be 

less than the criteria. Observed gauge flow rates show no variances (all "O's"), but model 

results show as many as 5 variances in the month of September, generally being greatest for 

the more intensive irrigation scenarios (i.e., Backlog and l.25x Backlog Scenarios) and in the 

August-September months of the growing season. For the Ul-B guideline, variances should 

not exceed 1 in 4 years (25%), but this does occur, again mostly for the Backlog Scenarios in 

August and September. The Ul-C guideline should not show variances greater than 50% (1 

in 2 years), but this occurs in late summer. 

The differences between scenario Ul variance computations at the three gauge locations can 

be seen for selected years (1980's) in Figure I.4-1 which shows the modeled minimum 1-day 

flow rates during the month of August vs. the minimum (Ul-A), 25% (Ul-B), and mean 

(50%) (Ul-C) criteria. Ul-A is not met in 1986 with the Current and Backlog Scenarios, but 

is met in all other years and scenarios. Variances occur for the Ul-B guideline in 1981 and 

1986 (all scenarios) and in 1985 and 1988 for some scenarios, but a 25% variance rate is 

GA00185932 



198 

acceptable for Ul-B. Only 1982, 1984, and 1989 have no Ul-C variances, though a 50% 

variance rate is acceptable. 

Table 1.4-3 displays the results of comparisons of the duration of U2 computed scenario 

flows below 25% of the annual average for lchawaynochaway Creek. The maximum 

allowable duration is exceeded in each of the model runs. The 1 in 4 year allowance is 

exceeded in several scenarios. The median allowable duration is equaled only in the 

L2SxBacklog Scenario. 

Tables I.4-4 and I.4-5 and Figure I.4-2 summarize guideline results for Spring Creek and 

Tables l.4-6 and I.4-7 and Figure I.4-3 for the Lower Flint. Spring Creek model results 

indicate very high rates of variance for Ul and for Ul C and low rates for U2A compared to 

lchawaynochaway Creek. Flint River model results show virtually no variances for any of 

the criteria. Section I.4.4 presents discussions of reasons for some of the variability in sub­

pasin guideline variance computations and comments on the interpretation of these model 

results. 

I.4.3.2. Water Quality Guidelines 

Table 1.4-8 compares the 7Q10 streamflows at Milford on Tchawaynochaway Creek, on 

Spring Creek near Iron City, and at Bainbridge on the Lower Flint, computed from pre­

l 970's gauge data and using model simulation results from four future irrigation scenarios. 

The differences between the future scenario low-flow computations and the pre-irrigation 

computation are significant in each case. This implies that water quality standards would be 

violated more frequently in the future if pennitted constituent loadings are not reduced. 

One way to estimate the increased frequency of potential water quality standard violations 

implied by this analysis, ifloadings are not reduced, is to compute the change in frequency of 

occurre11ce of the pre-1970 7QI0 flow rate for the scenarios in Table I.4-8. These are shown 

for the three modeled locations in Table I.4-9. For the Milford gauge, the frequency of flows 

less than the pre- 1970 7Q10 flow rate is 2.9%. This increases to 6.5% for the Current 
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Scenario and 7.2% for the Backlog Scenario. For the Iron City gauge, the frequency of flows 

less than pre-1970 7Ql O increases from 3 .5% for the Current Scenario to 6.3% for the 

Backlog Scenario; for the Bainbridge gauge, the increase is from 5.4% to 7.2%. 

I.4.4. Interpretation of Scenario Impact Model Results 

Tables 1.4-2 thru 1.4-9 show a wide range of results for the various conditions represented by 

the MODFE groundwater and HSPF surface water model simulations, as well as the 

observed data. The most extreme differences may be the small number of variances from the 

Ul and U2 guidelines for the Flint River at Bainbridge compared to Ichawaynochaway and 

Spring Creeks. However, there are also differences in how the guidelines are missed in the 

latter two locations and the fact that the observed data at those locations do not indicate any 

variances (since the guidelines were developed from tb.ose data). 

The reason for these apparent discrepancies is primarily due to: 1) the calibration of the 

models, and 2) the W1certainties in the measurement and modeling process, which are 

especially evident at low flows. 

Uncertainties inherent iu model calibration have been discussed previously. , These 

uncertainties are magnified at low flows. For example, measurement errors m gauged flow 

probably exceed the 7Q10 of Spring Creek at Iron City. Th.is may not be true at Milford on 

the Ichawaynochaway, but the uncertainties are still a significant fraction of the 7Q10. On 

the Lower Flint the flow rates are much higher, even under drought conditions, but the much 

better calibration match at Bainbridge and the lack of guideline variance are becausethe 

Lower Flint HSPF model is much less dependent on rainfall input as the driver and much 

more dependent on the more reliable flow gauge at Albany, where upstream inflow is 

incorporated into the model. The other two basins do not have gauged inflows that control a 

large percentage of the surface water flow at the modeled locations. In other words, the large 

inflow to the Lower Flint sub-basin numerlcally "overwhelms" measurement and modeling 
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uncertainties, whereas in Spring Creek and lchawaynochaway sub-basins those uncertainties 

make up a larger portion of the simulated stream flow. 

Because of the uncertainties and limitations described above, the model results should be 

interpreted with consideration for the differences between scenarios relative to the guidelines 

rather than strictly in tenns of a direct comparison with the guidelines. In general, models are 

most accurate wheh used to determine differences between scenarios. The differences 

between computed scenario criteria relative to the magnitude of the allowable criteria may be 

more meaningful than whether the scenario criteria exceed the allowable criteria. For 

example, for Spring Creek (Table 1.4-4) there is only about a 2% increase in Ul-C for the 

Backlog Scenario vs. the Current Scenario compared to a 50% variance allowance. Even the 

calibrated results are 8 to 10% above the variance limit in most summer months. Another 

example can be taken from comparisons of flows against 7Q10 (Tables 14-8 and 14-9). The 

difference between modeled scenario results may be more meaningful than the difference 

from the historical data. 
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Figure 1.2 - 1: Icbawaynochaway Creek Sub-Basin with Gauging Stations, Met Stations, and 
sub-basin delineations 
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Figure I.2 - 2: Observed vs. calibrated stream:flow oflchawaynochaway Creek near Milford 
for 1955 (dry year) 

GA00185936 



6000 ,-----,----,-----,---,----,---,----,---~-,------,,----,---, 
-OBSERVED 

SOOD - CALIB '/IA 

4000 
s 
~ 3000 
0 
....l 
"- 2000 

J F M A M J J A 
1958 

FLOW(cfs) 21 !CH. CR. 

s 0 N D 

202 

Figure I.2 - 3: Observed vs. calibrated streamflow of Ichawaynochaway Creek near Milford 
for 1958 (Normal Year) 
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Figure I.2 - 4: Observed vs. calibrated streamflow oficbawaynochaway Creek near Milford 
for 1973 (Wet Year) 
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Figure I.2 - 5: Duration Curve for Calibrated vs. Observed Flow oflchawaynochaway Creek 
at Milford 
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Figure 1.2.1 - 7: Observed vs. calibrated streamf1ow oflchawaynochaway Creek near 
Milford for 2000 (Dry Year) 
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figure I.2- 8: Observed vs. calibrated streamflow oflchawaynochaway Creek near Milford 
for 1983 (Nonnal Yea1·) 
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Figure 1.2 - 9: Observed vs. calibrated stream flow of Ichawayriochaway Creek near Milford 
for 1988 (Wet Year) 
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Figure 1.2 - 10: Duration Curve of Validated vs. Observed Flow oflchawaynochaway Creek 
near Milford 
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Figure I.2 - 11: Map of Spring Creek sub-basin showing gauge stations, meteorologic 
stations and sub-basin delineation. 
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Figure I.2 - 12: Observed vs. calibrated streamflow of Spring Creek near Iron City for 1956 
(Dry Year) 
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Figure I.2 - 13: Observed vs. calibrated streamflow of Spring Creek near Iron City for 1958 
(Normal Year) · 
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Figure I.2 - 14: Observed vs. calibrated streamflow of Spring Creek near Iron City for 1965 
(Wet Year) 
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Figure 1.2 - 15: Duration curve for calibrated vs. observed flow for Spring Creek near Iron 
City 
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Figure 1.2 - 16: Observed vs. calibrated streamflow of Spring Creek near Iron City for 1988 
(Dry Year) 
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Figure 1.2 - 17: Observed vs. calibrated streamflow of Spring Creek near Iron City for 1983 
(Normal Year) _ 
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Figure I.2 - 18: Observed vs. calibrated streamflow of Spring Creek near Iron City for 1989 . 
(Wet Year) 
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Figure I.2 - 19: Duration Curve of Validated vs. Observed flow at Spring Creek near Iron 
City 
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Figure 1.2 - 21: Observed vs. calibrated streamflow of the FUnt River at Bainbridge for 1955 
(Dry Year) 
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Figure 1.2 - 22: Observed vs. calibrated streamflow of the Flint River at Bainbridge for 1958 
(Normal Year) 
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Figw-e 1.2- 23: Observed vs. calibrated streamflow of the Flint River at Bainbridge for 1965 
(Wet Year) 

o.s 2 s 10 20 ~o so 70 so 90 95 9g 99.5 
Percent chance FLOW (cfs) exceeded 

FLOW ( cfs) at Bi>JNBRID 

Figure I.2 -24: Duration Curve of Calibrated vs. Observed Plow of Flint River at Bainbridge 
(for period 1953 to 197 I) 
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Figure I.2 - 25 : Observed vs. calibrated streamflow of the Flint River at Newton for 2000 · 
(Dry Year) 
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Figure I.2 - 26: Observed vs. calibrated streamflow of the Flint River at Newton for 1983 
(Normal Year) 
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Figure I.2- 27: Observed vs. calibrated streamflow oftbe Flint River at Newton for 1998 
(Wet Year) 
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Figure I.2 - 28: Duration Curve for Calibrated vs. Observed Flow of Flint River at Newton 
(period 1976 to 2003) 
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Figure I.3 - 2: Duration curves of Scenarios Current, Backlog, and l .25Xbacklog at Spring 
Creek near Iron City 
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Figure 1.3 - 3: Duration Curves of Scenarios Current; Backlog, and l.25Xbacklog of Flint 
River at Bainbridge 
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Figure I.3 - 4: Simulated streamflow of Ichawaynochaway Creek near Milford for 1955 (Dry 
Year) 
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Figure I.3 - 5: Simulated ~eamflow of the Flint River at Bainbridge for 1958 (Normal 
Year) 
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Figure I.3 - 6: Simulated streamflow of Ichawaynochaway Creek near Milford for 1973 
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Figure I.3 - 7: Simulated stream.flow of Spring Creek near Iron City for l988 (Dry Year) 

ieo 

!10 

~ O'----'---'---'---'---'----'--__. __ _.__ _ _,__-'-------'---' 

F A 

l9SS 

now 1t S;,ri:,g c:e. 

0 N D 

Figure I.3-8: Simulated streamflow of Spring Creek near Iron City for 1958 (Dry Year) 
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Figure I.3 - 9: Simulated st:reamflow of Spring Creek near Iron City for 1965 (Wet Year) 
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Figurel.3 - 10: SimuJated streamflow of the Flint River at Bainbridge for 1955 (Dry Year) 
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Figure I.3 - 11: Simulated streamflow of the Flint River at Bainbridge for 1958 (Normal 
Year) 
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Figure I.4 - 1: Evaluation of Scenarios Using Ul Criteria Ichawaynochaway Creek near 
Milford (month of August) 
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Figure I.4 - 2: Evaluation of Scenarios Using Ul Criteria Spring Creek at Iron City (month 
of August) 
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Figure I.4 - 3: Evaluation of Scenarios Using Ul Criteria Flint River at Bainbridge (month of 
~~ . 
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Table I.4 - 1: Computed guideline for Ul and U2 for full period ofrecord 
(a) Guideline for Ul and U2 for Ichawaynochaway Ck. at Milford for full period of record 

lchawaynochaway Creek at Milford 
U1-Daily minimum flows derived from full period of record 
10/1939-9/2003 plus part of 1905, all 1906 and 1907 

lowest daily 25 percentile of median of 

Month minimum daily minima daily minima 

Jan 193 381 482 
Feb 224 451 576 
Mar 220 478 603 
Apr 175 342 473 
May 43 228 308 
Jun 12 162 228 
Jul 21 153 227 
Auq 6 139 223 
Sep 10 148 197 
Oct 98 179 235 
Nov 115 222 274 

Dec 200 289 365 

Annual Low Flow Duration (U2) Statistics 

125% Annual Average 
Discharge 171 cfs 

Maximum 1 in 4 yrs 1 in 2 yrs 

Criteria: Annual Low 
Flow Duration (days) 168 28 0 
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(b) Guideline for U1 and U2 for Spring Ck. near Iron City for full period ofrecord 

Spring Creek at Iron City 
U1-Criteria derived from full period of record 

7/1937-9/2003 
U1-A U1-B U1-C 

monrhlv Statistics minimum 25percentile median 

Jan 12.6 108.0 226.8 
Feb 31.5 204.3 387.9 

Mar 47.7 256.5 459.0 

Apr 51.3 197.1 299.7 
May 3.5 87.8 122.4 
Jun 0.8 48.2 90.0 

Jul 0.2 45.9 92.7 

Auq 0.0 36.7 79.2 
Sep 0.0 32.4 59.0 

Oct 0.3 28.8 63.9 

Nov 0.6 34.2 65.7 

Dec 10.8 49.5 97.2 

Annual Low flow Duration (U2) Statistics 

125% Average Annual 
Discharge 110 cfs 

-
Maximum 1 in 4 yrs 1 in 2 yrs 

Criteria: Annual Low 
Flow Duration (Days) 272 174.25 111 

GA00185961 



(c) Guideline for Ul and U2 for lower Flint River at Bainbridge for full period ofrecord 

Lower Flint at Bainbridge 
U1-Daily minimum flows derived from whole period of HSPF 
"alibrated model, 1953-2003 

lowest daily 25 percentile of 
Month minimum dally minima 

Jan 1888 3757 
Feb 2368 4672 
Mar 2349 5848 
l\pr 3077 4448 
Mav 1463 3107 
Jun 1151 2377 
Jul 1165 2516 
Aua 988 2398 
Seo 1003 2062 
Oct 1358 2035 
Nov 1442 2055 
Dec 1784 2585 

Annual Low Flow Duration (U2) Statistics 

25% Annual Average 
Discharge 1998 cfs 

median of 
daily minima 

5430 
7164 
7449 
6165 
4248 
3363 
3400 
3022 
2549 
2542 
2832 
3374 

Maximum 1 in 4 yrs 1 In 2 yrs 

Criteria: Annual Low 
Flow Duration (days) 140 8 0 
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Table I.4 - 2: Ul guideline effects for Ichawaynochaway Creek at Milford: Monthly 1-day 
Minima Criteria - Variances Criteria are from full period of record ·· 

Lowest monthly 1-day minimum flow (U1-A) 

Number. of years that flow was below the monthly criteria - should not exceed zero) 

Aor May Jun Jul Aug Sep 

Criteria (cfs) 175 43 12 21 6 10 

Observed 1939-1975 0 0 0 0 0 0 

Observed 1953-2003 0 0 0 0 0 0 

No irr 1953-2003 1 0 0 0 0 0 

Calibrated 1953-2003 1 0 0 0 1 2 
0.6 x Current irrigation 1 0 0 0 0 0 
0.7 x Current irrigation 1 0 0 0 0 1 
0.8 x Current irrigation 1 0 0 0 1 2 
Current irr. over 50 yrs 1 0 0 2 3 4 
Backlog 1 0 1 2 3 5 
1.25 x Backlog 1 0 1 3 4 5 

25 percentile of monthly 1-day minimum flows (U1-B) 

Percent of years with that flow was below monthly criteria - should not exceed 25%) 

Aor Mav Jun Jul Auq Seo 

Criteria (cfs) 342 228 162 153 139 148 

Observed 1939-1975 23.1% - 15.4% 15.4% 7.7% 3.8% 15.4% 

Observed 1953-2003 21 .6% 23.5% 25.5% 23.5% 25.5% 24.0% 
No irr 1953-2003 19.6% 11.8% 7.8% 9.8% 7.8% 12.0% 
Calibrated 1953-2003 19.6% 15.7% 13.7% 11.8% 11.8% 16.0% 
0.6 x Current irrigation 19.6% 15.7% 19.6% 13.7% 15.7% 22.0% 
0.7 x Current irrigation 19.6% 15.7% 19.6% 13.7% 17.6% 22.0% 
0.8 x Current irrigation 19.6% 15.7% 19.6% 15.7% 17.6% 26.0% 
Current irr. over 50 yrs 19.6% . 19.6% 19.6% 15.7% 27.5% 28.0% 
Backlog 21.6% 21 .6% 19.6% 23.5% 27.5% 32.0% 

1.25 x Backloq 21 .6% 23.5% 25.5% 29.4% 35.3% 32.0% 
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Median of monthly 1-day minimum flows (U1-C) 
1'Percent of Years that flow was below the monthly criteria - should not exceed 50%) 

Apr May Jun Jul Auo Sep 

Criteria (cfs) 473 308 228 227 223 197 

Observed 1939-1975 46.2% 38.5% 34.6% 38.5% 34.6% 38.5% 

Observed 1953-2003 39.2% 51.0% 43.1% 49.0% 52.9% 50.0% 

No irr 1953-2003 37.3% 27.5% 23.5% 23.5% 29.4% 22.0% 

Calibrated 1953-2003 39.2% 33.3% 29.4% 31.4% 37.3% 38.0% 

0.6 x Current Irrigation 39.2% 33.3% 31 .4% 31.4% 43.1% 36.0% 

0.7 x Current irrigation . 39.2% 37.3% 33.3% 31.4% 45.1% 42.0% 

0.8 x Current Irrigation 39.2% 41.2% 33.3% 35.3% 45.1% 50.0% 

Current irr. over so y~s 45.1% 45.1% 37.3% 43.1% 52.9% 56.0% 

Backlog 45.1% 49.0% 43.1% 49.0% 60.8% 58.0% 

1.25 x Backlog 45.1% 51 .0% 43.1% 51.0% 64.7% 60.0% 

Table 1.4 - 3: U2 guideline effects for Ichawaynochaway Creek at Milford: Anhual Low 
Flow Duration Variances Criteria are from full period ofre-eord 

!Annual Low Flow Duration (U2) Statistics 

25% Annual Average Discharge 171 cfs 

Maximum 1 in 4 yrs 1 in 2 yrs 

Criteria: Annual Low Flow Duration 
'davsl 168 28 0 

lt\llowable years of variance 0 <25% <50% 

Observed 1939-1975 0 8.0% 18.0% 

Observed 1953-2002 0 28.0% 48.0% 

No irr 1953-200? 1 14.0% 28.0% 

Calibrated 1953-2003 2 22.0% 34.0% 

0.6 x Current irrigation 5 22.0% . 34.0% 

0.7 x Current irrigation 5 24.0% 34.0% 

0.8 x current irrigation s 28.0% 34.0% 

Current Irr. over 50 yrs 6 28.0% 42.0% 
Backlog 6 32.0% 48.0% 

1.25 x Backlog 6 36.0% 50.0% 
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Table 1.4- 4: Ul guideline effects for Spring Creek near Iron City: Monthly 1-day Minima 
Criteria - Variances Criteria are from full period of record 

Lowest monthly 1-day Minimum flow (U1-A) 
(Number of years that flow was below the monthly criteria • should not exceed zero) 

Apr May Jun Jul Aua Seo 

Criteria (cfs) 51.30 3.51 0.81 0.16 0.00 0.00 
Observed 1937-1971 0 0 0 0 0 0 
Observed 1953-2003 0 0 0 0 0 0 
No irr 1953-2002 2 0 0 0 0 0 
Calibrated 1953-2003 3 3 4 5 0 0 
0.6 x Current irrigation 4 3 8 7 0 0 
0.7 x Current irrigation 6 4 9 7 0 0 
0.8 x Current irrigation 6 4 11 8 0 0 
Current irr. over 50 yrs 7 5 14 11 0 0 
Current irr_ over 50 yrs(updated) 7 4 14 8 0 0 
Backlog 7 7 16 11 0 0 

1.25 x BackloQ 7 11 17 12 0 0 

25 percentile of monthly 1-day minimum flows (U 1-8) 
'Percent of years that flow was below monthly criteria • should not exceed 25%) 

Apr May Jun Jul Aug Sep 

Criteria (cfs) 197.1 87.8 48,2 45.9 36.7 32.4 
Observed 1937-1971 11.8% 6.1% 2.9% 5.9% 11.8% 11.8% 
Observed 1953-2003 26.2% 26.8% 29.3% 31.0% 33.3% 29.3% 
No irr 1953-2002 33.3% 45.1% 29.4% 25.5% 13.7% 16.0% 
Calibrated 1953-2003 33.3% 51 .0% 33.3% 35.3% 27.5% 18.0% 
0.6 x Current irrigation 33.3% 56.9% 47.1% 41.2% 31.4% 22.0% 
0.7 x Current Irrigation 33.3% 56.9% 49.0% 43.1% 31.4% 22.0% 
0.8 x Current irrigation 33,3% 58.8% 51 .0% 43.1% 33.3% 30.0% 
Current irr, over 50 yrs 33.3% 60.8% 52.9% 47.1% 39.2% 38.0% 
Current irr. over 50 yrs(updated) 33.3% 58.8% 52.9% 45.1% 37.3% 36.0% 
Backlog 33.3% 60.8% 56.9% 49.0% 41.2% 38.0% 
1.25 x BacklOQ 33.3% 60.8% 58.8% 54.9% 47.1% 44.0% 
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Median of monthly 1-day minimum flows (U1-C) 

Percent of years that flow was below the monthly criteria - should not exceed 50%) 

Aor May Jun Jul Aug Seo 

Criteria (cfs) 299.7 122.4 90 92.7 79.2 58.95 

ObseNed 1937-1971 26.5% 15.2% 20.6% 23.5% 20.6% 23.5% 

ObseNed 1953~2003 50.0% 56.1% 53.7% 57.1% 52.4% 56.1% 

No irr 1953-2002 52.9% 58.8% 56.9% 52.9% 45.1% 38.0% 

Calibrated 1953-2003 52.9% 64.7% 60.8% 58.8% 51.0% 50.0% 

0.6 x Current irrigation 52.9% 62.7% 70.6% 58.8% 54.9% 58.0% 
0.7 x Current irrigat:ion 52.9% 62.7% 70.6% 58.8% 54.9% 58.0% 
0.8 x Current irrigation 52.9% 64.7% 72.5% 60.8% 56.9% 58.0% 

Current irr. over 50 yrs 52.9% 66.7% 74.5% 64.7% 58.8% 62.0% 

Current irr. over 50 yrs(updated) 52.9% 64.7% 72.5% 62.7% 58.8% 62.0% 

Backlog 52.9% 68.6% 74.5% 64.7% 60.8% 62.0% 

1.25 x Backloo 54.9% 74.5% 74.5% 70.6% 62.7% 70.0% 

Table 1.4 - 5: U2 guideline effects for Spring Creek near Iron City: Annual Low Flow 
Duratfon Variances Criteria are from full period of record 

Annual Low flow Duration (U2) Statistics 

25% Average Annual Discharge 110cfs 

Maximum 1 in 4 yrs 1 in 2 yrs 

Criteria: Annual Low Flow Duration 
roavs) 272 174.25 111 

Allowable years of Variance 0 <25% <50% 

ObseNed 1937 -1970 0 12.1% 27.3% 

ObseNed 1953-:2002 0 30.0% 52.5% 
No irr 1953-2002. 0 12.0% 46.0% 
Calibrated 1953-2002 0 16.0% 52.0% 
0.6 x Current irrigation 0 18.0% 52.0% 
0.7 x Current irrigation 0 20.0% 54.0% 
0.8 x Current irrigation 0 22.0% 54.0% 
Current irr over 50 yrs 0 26.0% 56.0% 
Current irr over 50 yrs (updated) 0 26.0% 56.0% 
Backlog 0 28.0% 56.0% 

1.25 x Backloo 0 30.0% 56.0% 
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Table I.4 - 6: Ul guideline effects for Flint River at Bainbridge: Monthly 1-day Minima 
Criteria- Variances Criteria are from full period ofHSPF calibrated model (1953-2003) 

Lowest monthly 1-day minimum flow (U1-A) 

Number. of years that flow was below the monthly criteria - should not exceed zero) 
Apr May Jun Jul Auq Sep 

Criteria (cfs) ·3077 1463 1151 1165 988 1003 
No irr 1953~2003 0 0 0 0 0 0 
Calibrated 1953-2003 0 0 0 0 0 0 
0.6 x Current irrigation 0 0 0 0 0 0 
0.7 x Current irrigation 0 0 0 0 0 0 
0.8 x Current irrigation 0 0 0 0 0 0 
Current irr. over 50 yrs 0 0 1 1 0 0 

Backlog 0 0 1 2 0 1 
1 .25 x Backlog 0 0 1 2 1 1 

25 percentile of monthly 
1~day minimum flows 
U1-B) 

'Percent of years with that flow was below monthly criteria - should not exceed 25%) 
Apr May Jun Jul Auq Sep 

Criteria ( cfs) 4448 3107· 2377 2516 2398 2062 
No irr 1953-2003 17.6% 17.6% 9.8% 17.6% 13.7% 10.0% 

Calibrated 1953-2003 17.6% 17.6% 13.7% 19.6% 17.6% 18.0% 
0.6 x Current irrigation 17.6% 17.6% 19.6% 21 .6% 21 .6% 20.0% 
0.7 x Current irrigation 17.6% 17.6% 19.6% 21 .6% 21.6% 22.0% 
0.8 x Current irrigation 17.6% 17.6% 21 .6% 21 .6% 21.6% 22.0% 
Current irr. over 50 yrs 17.6% 17.6% 23.5% 23.5% 25.5% 22.0% 
Backlog 17.6% 17.6% 23.5% 23.5% 25.5% 24.0% 

1.25 x Backloq 17.6% 23.5% 25.5% 29.4% 29.4% 30.0% 
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Median of monthlv 1-dav minimum ilows (U1-Cl 
Percent of vears that flow was below the monthlv criteria - should not exceed 50%) 

Aor Mav Jun Jul Auci Sep 

Criteria (cfs) 6165 4248 3363 3400 3022 2549 
No irr 1953-2003 45.1% 45,1% 37.3% 33.3% 33.3% 30.0% 
Calibrated 1953-2003 45.1% 47.1% 39.2% 35.3% 43.1% 36.0% 
0.6 x Current irrigation 45.1% 47,1% 39.2% 35.3% 45.1% 38.0% 
0.7 x Current irrigation 45.1% 47.1% 39.2% 35.3% 45.1% 40.0% 
0.8 x Current Irrigation 45.1% 47.1% 39.2% 35.3% 45.1% 40.0% 
Current irr. over 50 yrs 45.1% 47.1% 39.2% 39.2% 47.1% 44.0% 
Backlog 45.1% 47.1% 39.2% 41.2% 47.1% 44.0% 

1.25 x Backloa 45.1% 47.1% 41.2% 41.2% 49.0% 48.0% 

Table I.4 - 7: U2 guideline effects for Flint River at Bainbridge: Annual Low Flow Duration 
Variances Criteria are from full period ofHSPF calibrated model (1953-2002) 

!Annual Low Flow Duration (U2) Statistics 

25% Annual Average Discharge 1998cfs 

Maximum 1 in 4 yrs 1 in 2 yrs 

Criteria: Annual Low Ftow 
Duration (davs) 140 8 0 

Allowable vears of variance 0 <25% <50% 
No irr 1953-2003 0 8.0% 22.0% 

Calibrated 1953-2003 0 10.0% 22.0% 

0.6 x Current irrigation 0 12.0% 24.0% 

0.7 x Current irrigation 0 12.0% 26.0% 
0.8 x Current irrigation 0 14.0% 28.0% 
Current irr. over 50 yrs 0 14.0% 30.0% 
Backlog 0 16.0% 32.0% 

1 .25 x Backlog 0 20.0% 34.0% 
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Table I.4 - 8: Calculated 7Q 10 Streamflow Rates for FRB Modeling Scenarios 

7010 Streamflow 
Rates (cfs) 

Flint River 
I chawaynochaway at Spring Ck. near 

Modelinq Scenario Ck. near Milford Bainbridqe Iron Citv 
Pre-1970's Data 140 2500 15 
60% Current Model 65 1650 0 

Current Model 20 1500 0 
Backlog Model 10 1460 0 

125% Backlog Model 3.5 1380 0 

Table I.4-9: Frequency of Flow Less than 7QI0 

Location 7010 Historic 0.6 x Current Current Backlog 1 .25xBacklog 
Milford 140 cfs 2.9% 4.6% 6.5% 7.2% 8.1% 
Iron City 15 cfs 3.5% 3.9% 5.8% 6.3% 7.8% 
Bainbridge 2500 cfs 5.4% 5.9% 6.9% 7.2% 8.0% 
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APPENDIX II: 
GROUND-WATER MODEL AND APPLICATION 

Table I.3 -1: Current Irrigation Acres in the FRBFRB 

r,vell to pond 
gw acres using surface-water well to pond acres using · 

sub-basin Uooer Floridan acres irr acres Upper Floridan 

Lower Flint 166187 3941 198 182 
lchawavnochawav Ck. 33474 65938 1344 402 
Sorino Creek 128011 10213 1531 1126 
Kinchafoonee-
Muckalee 12714 44223 951 355 
Middle Flint 25533 36147 2756 1331 
Total Flint 365919 160461 6781 3396 

(a) Additional Backlog Acres in the FRB 

well to pond 
gw acres using surface-water well to pond acres using 

basin Upper Floridan irr acres acres Upper Floridan 

Lower Flint 18506 1308 
lchawavnochaway Ck. · 6477 10040 
Spring Creek 14197 2708 350 200 

Kinchafoonee-
Muckalee 5138 7732 
Middle Flint 19949 8701 785 128 
Total Flint 64267 30489 1135 328 
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Table I.3 - 2: Irrigation Application Depth (inches) by Month for Grow1d-water and 
Surface-water, Drought and Normal Year 

2004. 

Source I Scenario Sub-basin Jan Feb Mar Aor Mav Jun Jul Auo Seo Oct 

In. 
lchaway-

G Typical Nochawav 0.0 0.0 0.1 0,3 1.1 1.3 1.7 1.7 0.6 02 
Klnchafoone 
e-MLtckalee 0.1 0.1 0.2 0.4 1.4 1.4 1.7 1.4 0.8 0.2 
Lower Flint 0.1 0.1 0.2 0,7 1.8 1.8 1.7 1.7 1.0 0.3 
Middle Flint ·0.0 0.0 0.1 0.3 1.1 1.3 1.8 1.7 0.8 0.3 
Spring 0.0 0.0 0.1 0.4 1.5 1.6 1.5 1,2 0.6 0.2 

lchaway-
1.6 1 Drought Noohaway 0.1 0.1 0.2 0.4 2.1 2.7 3.3 1.2 0.3 

Kinchafoone 
e-Muckalee 0.1 0.1 0.4 0.7 2.1 2.3 2.9 2.0 1.3 0.5 
Lower Flint 0.1 0.1 0.4 0.8 2.9 2.7 2.6 2.6 2.5 0.5 
Middle Flint 0.1 0.1 0.4 0.7 1.7 2.4 3.0 2.3 1.0 .0.5 
Spring ,0,0 0.0 0.2 0.5 2.7 3.1 2.4 1.9 1.0 0.3 

lchaway-
s Typical Nochawav 0.0 0,0 0.1 0.1 0.7 0.8 1.0 1.1 0.6 0,0 

Kfnchafoone 
e-Muckalee 0.0 0.0 0.1 0.3 0.7 0.9 1.5 1.4 0.6 0,0 
Lower Flint 0.1 0.0 0.1 0.4 1.2 0.9 0.5 0.4 0.4 0.2 
Middle Flint 0.0 0.0 0.0 0.2 0.9 0.9 2.2 2.0 0.3 0.0 
Sorina 0,0 0.0 0.0 0.2 0.6 0.8 1.1 1.4 0.5 0.1 

lchaway-
Drought Nochawav 0.0 0 ,1 0.1 0.3 1.0 1.8 1.8 1.9 2.0 0.1 

Kinchafoone 
e-Muckalee 0.0 0.1 0.5 1.0 1.0 1.5 2.1 2.3 1.0 0.1 
Lower Flint 0.3 0.0 0.3 0.6 1.6 1.5 0.8 0.7 1.0 0.4 
Middle Flint 0.0 0.1 0.1 0.4 1.5 1.6 2.9 3.7 0.9 0.0 
Sprino 0.0 0.1 0.2 0.4 1.5 1.5 1.9 2.3 1.7 0.7 

lchaway-
w Typical Nochawav .o.o 0.0 0.0 0.1 0.7 1.2 1.5 1.5 0.7 0.1 

Kinchafoone 
e-Muckalee 0.0 0.1 0.3 0.8 1.6 1.9 1.7 1.4 0.7 0.2 
Lower Flint 

Middle Flint 0.0 0.0 0.0 0.1 0,3 0.4 0.5 0.6 0.3 0.0 
Sprino 0.0 0.0 0.2 0.3 1.4 1.1 1.8 1.2 0.3 0.0 

lchaway-
Drought Nochawav 0.0 0.0 0.1 0.3 1.6 2.0 1.9 2.5 1.9 0.3 

Kinchafoone 
e-Muckalee ·o.o 0.4 0.7 1.1 2.7 3.5 2.6 2.2 1.3 0.6 
Lower Flint 
Middle Flint 0.0 0,0 0.0 0.3 0.9 1.3 0.9 0.8 0.9 0.1 
Sprina 0.0 0.2 0.5 0.7 1.8 2.0 3.3 1.9 0.6 0.1 
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Nov Dec 

0.1 0.1 

0.1 0.1 

0.1 0.1 
0.0 0.0 
0.1 0.1 

0.2 0.1 

0.2 0.1 
0.4 0.2 
0.1 0.1 
0.2 0.2 

0.0 0.0 

0.0 0.1 
0.3 0.1 
0.0 0.0 
0.0 0.0 

0.0 0.0 

0.2 0.4 
1.2 0.3 
0.0 0.1 
0.1 0.0 

0.0 0.0 

0.1 0.1 

0.0 0.0 
0.0 0.0 

0,0 0.0 

0.5 0.5 

0.0 0.0 

0.0 0.0 
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Source: Jim Hook of University of Georgia, 2005 
*G: ground-water application 
*S: surface-water application 
*W: well to pond, it is a combination of using surface/ground-water 
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Table I.3-3 (a): Streamflow Reduction due to the Irrigation Pumping from the Upper Floridan 
at Milford in Ichawaynochaway Creek for Drought Years ( cubic feet/sec.) 

Month current acres backloq 1 .25 x backloq 

March 0.2 0.2 0.3 

Apr 0.3 0.4 0.5 

May 0.9 1.3 1.6 

Jun 1.6 2.1 . 2.7 

Jul 1.9 2.3 2.9 
Aug 2.2 2.6 3.2 

Sep 1.7 2.1 2.6 

Oct 1.0 1.2 1.6 
Nov 1.1 1.4 1.7 

Dec 0.9 1.1 1.4 

Streamflow Reduction due to the Irrigation Pumping from the Upper Florida 
at Milford oflchawaynochaway Creek for Normal Years (cubic feet/sec.) 

Month current acres backlog 1.25 x backloq 

March 0.1 0.1 0.1 
Apr 0.2 0.2 0.3 
May 0.6 0.8 1.0 
Jun 1.0 1.2 1.5 
Jul 1.2 1.5 1.9 
Aug 1.2 1.5 1.9 
Sep 0.9 1.2 1.5 
Oct 0.6 0.8 0.9 
Nov 0.6 0.8 1.0 

Dec 0.5 0.6 0.8 

Note: the reduction is the accumulated effect of ground-water pumping up to Milford Gauge 
instead of the effect of the whole Ichawaynochaway Creek sub-basin. 
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Table 1.3 - 3 (b): Streamflow Reduction due to the Irrigation Pumping :from the Upper 
Ploridan at Iron City of Spring Creek for Drought Years ( cubic feet/sec.) 

Month current acres backl0Q 1.25 x backloQ 
March 3.5 3.8 4.8 
Apr 8.1 8.8 11.0 
May 30.9 32.9 41.1 
Jun 38.5 40.9 51,1 

Jul 31.4 33.7 42.1 
Aug 27.3 29.5 36.9 
Sep 19.9 21.9 27.4 
Oct 9.3 10.5 13.2 
Nov 7.0 8.3 10.3 

Dec 4.2 4.7 5 .9 

Streamflow Reduction due to the Irrigation Pumping from the Upper Floridan 
at Iron City of Spring Creek for Normal Years (cubic feet/sec.) 

Month current acres backlog 1.25 x backlog 

March 1.7 1.8 2.3 
Apr 6.1 6.5 8.1 
May 19.7 20.8 26.0 
Jun 23.1 24.6 30,7 
Jul 20,8 22.6 28.3 
Aug 17,8 19.6 24.5 
Sep 11.0 12.3 15.4 
Oct 3.9 4.4 5.5 
Nov 2.3 2.4 3.0 
Dec 2.1 2.2 2.7 

Note: the reduction is the accumulative effect up to Iron City instead of the effect of the 
whole Spring Creek sub-basin. 
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Table 1.3 - 3 (c): Streamflow Reduction due to the In·igation Pumping from the Upper 
Floridan at Bainbridge of lower Flint River for Drought Years ( cubic feet/sec.) 

Month current acres backloa 1,25 x backloQ 
March 39 42 52 

Apr 73 79 98 
May 229 252 315 
Jun 287 320 399 
Jul 306 338 422 

Aug 321 352 440 
Sep 315 341 426 
Oct 202 220 275 
Nov 156 171 214 

Dec 118 130 162 

Streamflow Reduction due to the Irrigation Pumping from the Upper Floridan 
at Bainbridge of lower Flint River for Normal Years (cubic feet/sec.) 

Month current acres backlog 1.25 x backlog 
March 16 17 22 
Apr 32 35 44 
May 98 110 137 
Jun 140 156 195 
Jul 186 207 258 

Aug 199 220 275 
Sep 153 169 212 
Oct 105 116 145 
Nov 69 76 95 
Dec 51 56 70 
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Note: the reduction is the effect up to Bainbridge gauge. It is the combination of the whole 
Tchawaynochaway Creek and most of the lower Flint River Sub-basins. 
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Figure II. I: Simulated hydraulic head contours, ground-water flow direction by element, and 
Cauchy-boundary flow by element side in the southern part of the lower Flint River sub­
basin for the October 1999.calibrated lower F.RB model (Jones and Torak, in review). 
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Figure JI.2: Simulated hydraulic head contours, ground-water flow direction by element, and 
Cauchy-boundary flow by element side in the northern part of the lower Flint River sub-basin 
for the October 1999 calibrated lower FRB model (Jones and Torak, in review). 
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Figure Il.3: Simulated hydraulic head contours, ground-water flow direction by element, and 
Cauchy-boundary flow by element side in Spring Creek sub-basin for the October 1999 
calibrated lower FRB model. {Jones and Torak, in review). 
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Habitat Conservation Plan (HCP) Land Acquisition Grants 

PURPOSE 

The HCP Land Acquisition Grants program provides funding to States and territories (and non­
governmental organizations through their States and Territories) for land acquisitions that are 
associated with approved HCPs. 

The HCP Land Acquisition program bas three pri.maryptuposes: 1) to fund land acquisitions that 
oomplemeut, but do not replace, private mitigation responsibilities contained in HCPs, 2) to fund 
land acquisitions that have important benefits for listed, proposed, and candidate species, and 3) 
to fund land acquisitions that have impmtaut benefits for ecosystems that support listed, 
proposed and candidate species. 

For fiscal year 2003, competition for the Habitat Conservation Plan Land Acquisition Grants will 
be beld at the National level. · 

ELIGIBILITY 

To be eligible for funding under the HCP Land Acquisition program, a land acquisition 
proposal must meet aU of the mandatory conditions listed below. If a land acquisition does 
not meet these conditions, do not submit a proposal for consideration. 

1. A proposal must include 25 percent non-federal cost share ( decreases to l 0 percent if 2 
or more States or Territories are contributors to the proposal and its activities) as per 
section 6 of the ESA. Insular Areas including the Virgin Islands, Guam, American 
Samoa, the Trust Territory of the Pacific Islands, and the Government of the Northern 
Mariana Islands are exempt from any matching requirements under all Fish and Wildlife 
Service Grant Programs (based on an August 23, 1993, Director's Memorandum) 

2. A proposal cannot include FWS FIE oosts. 

3. We do not intend to grant funding for projects that serve to satisfy regulatory 
requirements of the Act including complying with a biological opinion under section 7 of 
the Act or fulfilling commitments of a Habitat Conservation Plan under section 10 oftbe 
Act, or for projects that serve to satisfy other local, State, or Federal regulatory 
requirements~. mitigation for local, State, or Federal permits). 

4. Toe labd acquisition complements, but does not replace, private mitigation 
responsibilities contained in the HCP. 

J 
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5. The specific parcel(s) to be acquired with the grant money is identified. NOTE: Evidence 
demonstrating that the landowners are willing sellers (i.e., a letter or other form of written 
acknowledgment) will be required prior to transfer of funds. 

6. Habitat must be set aside in perpetuity for the purposes of conservation (this can include 
easements deeded in perpetuity or other similar instruments). 

7. The proposal must state a commitment to funding for, and implementation of, 
management of the habitat in perpetuity, consistent with the conservation needs of the 
species. 

ADDITIONAL GUIDANCE 

Only one proposal per HCP may be submitted. However, a proposal may include more than 
one parcel for funding consideration. For regional HCPs with subarea-plans, please submit 
multiple acquisition proposals under the one regional plan title. The proposal must specifically 
identify the parcel to be acquired. Proposals that do not identify specific parcels will not be 
considered. We encourage you to include more than cine parcel in the proposal in the event the 
transaction for the highest priority acquisition cannot be completed; subject to the outcome of 
fund reassignment procedures, funding of the next highest priority parcel acquisition identified in 
the proposal may be approved. In addition, acquisition of more than one parcel per HCP may be 
funded. If you submit .more than oni parcel for consideration in your proposal, include the 
relative acquisition priorities for each parcel, the price of each parcel; and the amount of the 
request (purchase price minus the non-Federal match) for each parcel. 

As in previous years, the ranking factors give priority to land acquisitions associated with larger, 
multiple species HCPs. The ranking factors assign points according to the number of species 
covered by the HCP (i.e., included in the section 10 permit). In prior years, proposals associated 
with HCPs that covered one or few species were unable to compete successfully for grants under 
this program. Again this year, we are setting aside a portion of the funding specifically for grants 
to single-species proposals to ensure some funds will be available to support acquisitions 
associated with single-species HCPs. 

Smaller HCPs or HCPs with fewer covered species may also receive special consideration, 
especially if the acquisition is relatively low in cost and provides high conservation value, 
therefore, we encourage such proposals. However, the proposal or Regional priority justification 
must describe the circumstances that warrant special consideration. 

States, Territories, or other non-Federal partners will be responsible for ensuring that appraisal 
and title work are completed. The cost of conducting an appraisal(s) and completing title work, 
in accordance with Federal requirements, must either be assumed by the State or a non-Federal 
subgrantee, or included in the total cost of the proposal. 
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State administrative costs must also either be assumed by the State or included in the proposal in 
accordance with Federal requirements. 
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U.S . D51.R-a.t1ment Qf the lnteriqr_ 

NEWS 
U.S. D·epartment of the Interior 

Office of the Secretary 
FOR IMMEDIATE RELEASE 

March 20, 2008 

Contact: Chris Paolino (DOT): (202) 208-6--l l 6 
Valerie Fellows (FWS): (703) 358-2?20 

Secretary Kempthorne Announces $57 .9 Million in Grants to 
Support Land Acquisition and Conservation Planning for 

Endangered Species 

WASHINGTON, D.C. - Secretary of the Interior Dirk Kernpthorne today announced more than $57.9 million in grants to 
23 states and one territory to support conservation planning and acquisition of vital habitat for threatened and endangered 
fish, wildlife and plants. (a list of states receiving grants is included below) The grants, awc1rded through the Cooperative 
Endangered Species Conservation Fund, will benefit numerous species ranging from the red-cockaded woodpecker to the 
Lake Erie watersnake. 

"These grants build long-term partnersh1ps with landowners who help to conserve our nation's imperlled species,' said 
Secretary Kempthome. ' They are important 1001s that empower landowners and communities to safeguard habitat and 
foster conservation stewardship efforts for future generations.• 

Authorized by Section 6 of the Endangered Species Act, the grants enable States to work with private landowners, 
conservation groups and other agencies lo initiate conservation planning efforts and acqulr-e and protect habitat to support 
the conserva.tion of threatened and endangered species. 

This year, the cooperative endangered species fund provides $8.6 million through the Habitat Conservation Planning 
Assistance Grants Program, $35.3 million through the Habitat Conservation Plan Land Acquisition Grants Program and 
$14 million through the Recovery .Land Acquisition Grants Program, which includes approximately $1 .5 million of funds 
carried over from previous years or recovered from previous projects. The three programs were established to help avoid 
potential conflicts between the conservation of threatened and endangered species and land development and use. 

Habitat Conservation Plans (HCPs) are agreements between a landowner and the Service. allowing a landowner to 
undertake otherwise lawful activities on their property that may result in the dea1h, injury or harassment of a listed species, 
when that landowner agrees to conservation measures designed to minimize and mi1igate the impact of those actions. 
HCPs may also be developed by a county or state to cover certain activities of all landowners within their own Jurisdiction 
and may address multiple species. There are more than 675 HCPs currently in effect covering nearly 600 species on 
approximately 42 million acres. 

Under the HCP Land Acquisition Program, the Service provides grants lo sfates or territories for land acquisition 
associated with approved HCPs. The grants are targeted to help landowne,s who volunteer to conserve imperiled species 
on their lands. Among recipients of today's HCP Land Acquisition grants is the state of Georgia, which ls receiving a 
$2,000,000 grant to acquire 8.430 acres. of mature pine habi!al in Decatur County to benefit the red-cockaded 
woodpecker. The land will be protected in perpe!uity as a State Heritage Preserve and will be managed as a State Wildlife 
Management Area. This project ensures permanent conservation for lands that provide connecting habitat for red­
cockaded woodpeckers in this area. This grant also benefits the wood stork, Eastern indigo sqake, Flatwoods s-alamender 
and state protected species including the gopher tortoise and southern hog nose snake. 

The HCP Planning Assistance Program prov]des grants to states and territories to support the development of HCPs 
through funding of baseline sU1veys and inventories. document preparation, outreach and s imilar planning activities. For 
example, the stales of Indiana, Kentucky, Louisiana, New Hampshire, New Jersey, Ohio, Tennessee. and Virginia will 
receive l3,007 ,270 to assist in the development of a landscape level, multi-species HCP covering a 15,500-mile planning 
area. The HCP will cover 6.4 mil lion acres of land that has the potential to affect 7 4 federally listed species habitat in a 
total of 17 stales. The NiSource HCP will be designed to avoid and minimize impacts to endangered and threatened 

http://www.doi.gov/oews/08 _News_ Releases/0803 20 .html 12/18/2008 
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species associated with construction, operation and maintenance of its natural gas transmission lines and ancillary 
facnltles runnin9 from Louisiana to Indiana, and Ohio and 1hroughout the northeast to Maine. NiSource will work in 
collaboration with The Conservation Fund, who will lead a strategic conservation planning process that focuses on 
integrating specles needs with potentral habitat mitlgation across the landscape, providing multiple species benefits and 
addressing needs in 1;1 cumulative and comprehensive fashion. Species expected to benefit from the NiSource HCP 
include the Indiana bat, copperbelly watersnake and numerous species of federally listed freshwater mussels. 

The Recovery Land Acquisition Grants Program provides funds to states and territories to acquire habitat for endangered, 
and threatened species with approved recovery plans. Habitat acquisition to secure long term protection is often an 
essential element of a comprehensive recovery effort for a listed species. One of this year's grants wlll provlde $1 ,471 ,500 
to acquire a conservation easement over 654 acres of high-priority private fo1·estland in the Kootenai Valley of northern 
Idaho. The property provides a crittcal link between the higher elevation pub]tc lands of the Selklrk Mountains and more 
than 2,000 acres of low-elevation protected areas owned by the Idaho Department of Fish and Game, Vital Ground 
Foundation and the Owens Foundatton for Wildlife Conservatron. The protection of this property will contribute to the 
recovery of grizzly bear, mountain caribou, bull trout, Canada lynx, and gray wolf. 

Below Is a list of the states that received funding and the amount awarded for species conservation. 

Arkansas 

California 

Florida 

Georg1a 

Hawaii 

Idaho 

Michigan 

Montana 

Nebraska 

Ohio 

Oklahoma 

Oregon 

Puerto Rico 

Tennessee 

Texas 

Utah 

Virginia 

Washington 

Wisconsin 

Individual States 

$225,500 

17,945,231 

1,134,605 

2,717,772 

2.101.196 

1,471,500 

689,305 

6,515,319 

385,911 

1,835,000 

186,000 

306,000 

1,500,000 

1,763,450 

6,324,500 

458,080 

704,000 

8.435,081 

88,355 

Multi-state grants 

Tennessee and Kentucky $129,150 

·Indiana, Kentucky, $3,007,270 
Louisiana, New Hampshire, New 
Jersey, Ohle, Tennessee, and 
Virginia 

For a complete list of the 2008 grant awards for these programs (Ca1alog of Federal Domestic Assistance Number 
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15.615), see the Service's Endangered Species Grants home page at 
httpj/endangered.fws~gQYfgrants/section6/index.html. 
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FLINT RIVER IRRIGATION REDUCTION AUCTION 

Previous auctions 

The Flint River Drought Protection Act, signed into law in 2000, provides financial incentives for farmers 
in the Flint River Basin to temporarily suspend irrigation during severe droughts. The Act and Rules 
establish an "irrigation reduction auction" by which farmers are paid on a per acre basis not to irrigate land 
associated with a permitted irrigation withdrawal. The first Flint River irrigation reduction auction was held 
in 2001. A second auction was held in 2002. 

In an irrigation reduction auction, eligible farm-use permittees are paid to voluntarily stop irrigating all 
acres associated with a particular irrigation system pulling from a well or surface water pump. If not 
enough acres are obtained voluntarily, the Director has the authority to require irrigation suspension, but 
the permittee will still be compensated at the average per acre price paid to those who participated 
voluntarily. Therefore, both auctions required that EPD carefully establish the eligibility of all farm-use 
surface water permittees. Establishing auction eligibility required detailed mapping of irrigation systems 
and associated acreage, and tying those to one unique irrigation permit. This was accomplished with 
extensive interaction between EPD personnel and permittees, creation of new GIS databases, extensive 
permit database reconfiguration and analysis, and field mapping. (For the 2001 auction, all permitted 
surface water users in the entire Flint River Basin were eligible to participate. For the second auction, EPD 
limited eligibility to those surface water permittees who had irrigated within the past three years.) 

The Rules for Lower Flint River Basin Drought Protection allow for different auction methods to be used. 
The first auction was conducted as a day-long multiple bid process. In this auction, the Director of EPD 
decided confidentially on how many acres EPD intended to suspend irrigation. Five auction sites were 
established throughout the lower Flint River Basin, at which computer stations were operated by students 
and staff of Georgia State University. Farmers submitted blind bids based on what they expected to receive 
per acre from EPD to not irrigate. Bids initially ranged from $800 per acre to $75 per acre. Bids were 
entered into a computer database linked to all five auction sites. The Director, stationed at a central 
computer in Atlanta, could evaluate all bids submitted during an auction round, and thus decided which 
bids to accept and which to reject based on the total amount of acreage removed from irrigation compared 
with available money in the auction fund. Accepted bids were posted at each auction site, such that farmers 
could see which bids were accepted but not for how much. As a result, bid prices declined with each round 
until the amount of acreage targeted by the Director had been achieved, and he called a halt to the auction. 
All bids that had been accepted were issued receipts. Successful bidders were then paid from the drought 
protection fund, administered by GEF A. In the first auction, 33,006 acres were removed from irrigation at 
an average price of $136 per acre. Bids ranged from $75 to $800 per acre. A total of $4.49 million was 
expended on the auction. No involuntary irrigation suspension was ordered by the Director. 

This auction method was very inefficient. Farmers had no prior information as to what a reasonable bid 
would be, and presented "wish lists", such as the $800 per acre bid. This auction also resulted in thousands 
of acres of marginal and fallow farmland that might not have been irrigated normally being 'removed' from 
irrigation. Otherwise, regular compliance inspections by EPD did not find any violations; that is, no one 
was found irrigating land they were paid to not irrigate. 

The second auction in 2002 was conducted much differently. In this auction, the Director announced 
beforehand that no bid above $150 per acre would be accepted, and that EPD would entertain all bids at or 
below that price up to the point at which the targeted acreage was removed from irrigation. As before, the 
Director did not reveal what the targeted acreage would be. Bids were submitted by mail, and their 
evaluation occurred all at once on the "auction day". In this auction, 40, 861 acres were removed from 
irrigation at an average price of $128 per acre. Bids ranged from $74 to $145 per acre. A total of $5.25 
million was expended on the auction. No involuntary irrigation suspension was ordered by the Director. 

This auction method was more efficient and resulted in more acreage being removed from irrigation at a 
lower average price per acre than in the previous auction. Also, more land that is normally irrigated was 
removed from irrigation as opposed to fallow or marginal land. Compliance inspections by EPD did not 
find any violations. 

•·r· 

GA00201026 



 

 

 

 

 

 

Exhibit 64 

  



Prepared in cooperation with the State of Georgia Soil and Wate &_onservation Commission 

Summary of the Georgia Agricultural Water Conservation 
and Metering Program and Evaluation of Methods Used 
to Collect and Analyze Irrigation Data for the Middle and 
Lower Chattahoochee and Flint River Basins, 2004-2010 

- ~,L--

\ 

~ "'- EXHIBIT 

~ 
m ~.~~e.~r~~ u ~HI\Jj ,,. 

l~l'tfli':! \ IUll\_!__""l 



Cover. Water meter installed on irrigation system in southern Georgia (photograph by 
Lynn J. Torak, USGS). 



Summary of the Georgia Agricultural Water Conservation 
and Metering Program and Evaluation of Methods Used 
to Collect and Analyze Irrigation Data for the Middle and 
Lower Chattahoochee and Flint River Basins, 2004-2010 

By Lynn J. Torak and Jaime A. Painter 

Prepared in cooperation with the State of Georgia Soil and Water Conservation Commission 

Scientific Investigations Report 2011-5126 

U.S. Department of the Interior 
U.S. Geological Survey 



U.S. Department of the Interior 
KEN SALAZAR, Secretary 

U.S. Geological Survey 
Marcia K. Mc Nutt, Director 

U.S. Geological Survey, Reston, Virginia: 2011 

For more information on the USGS-the Federal source for science about the Earth, its natural and living resources, 
natural hazards, and the environment, visit http.//wwwusgs.govor call 1-888-ASK-USGS 

For an overview of USGS information products, including maps, imagery, and publications, 
visit http.//www.usgs.gov/pubprod 

To order this and other USGS information products, visit http.//store.usgs.gov 

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government. 

Although this report is in the public domain, permission must be secured from the individual copyright owners to 

reproduce any copyrighted materials contained within this report. 

Suggested citation: 
Torak, L.J., Painter, J.A., 201 1, Summary of the Georgia Agricultural Water Conservation and Metering Program and 
evaluation of methods used to col lect and analyze irrigation data in the middle and lower Chattahoochee and Flint 
River basins, 2004-2010 U.S. Geological Survey Scientific Investigations Report 2011- 5126, 25 p. 



iii 

Contents 

Abstract .................................................................................... ............... ........................................................ 1 

Introduction ................................................................................................ .. ................................................... 1 
Study Objectives ........................................................................................................... ........................ 2 
Purpose and Scope .............................................................................................................................. 2 

Summary of the Georgia Agricultural Water Conservation and Metering Program, 2004-2010 ...... 3 

Evaluation of Methods Used to Collect and Analyze Water-Meter Irrigation Data in the 
Middle and Lower Chattahoochee and Flint River Basins, 2004- 2010 .................................... 9 

Quality Assurance of Water-Meter Data .......................................................................................... 9 
Water-Meter Roll Back and Roll Forward ............................................................ .................... 9 

Zero Water Use ...................................................................... .................. .................................. 10 

T-Test of Water-Use Mean Values .......................................................................... ......................... 10 
Geospatial Analyses of Agricultural Water-Meter Data .............................................................. 11 

Hot-Spot Analysis ......... ............................................................................................................. 12 
Cluster and Outlier Analysis ................................................... .................................................. 12 

Normalization of Metered Water-Use Data .......... .............................................. .. .......................... 12 
Telemetry Network Redesign .................................................................... .. ................................. ..... 14 
Geostatistical Analysis of Metered Water-Use Data .................................................................. . 14 

Semiva riance: Overview ......................... ........................... ................................ .......... ............. 15 

Semiva riogram Development and Geostatistical Estimation: Structural Analysis .. ... ... . 15 
Linear Interpolation of Water-Use Data: Kriging .................................................................. 16 
Evaluating Effectiveness of Variogram Model and Kriging: Cross Validation 

and Estimation Variance ............................................................................................ 17 
Developing a Revised Telemetery Network: Two Approaches using Kriging ................. 17 

Estimation-Variance Reduction and the Revised Telemetry Network .............................. 19 
Interpolation of Unmetered Water Use by Conditional Simulation .......................... .................. 22 
Importance of Geospatial and Geostatistical Analysis to Agricultural and 

Water Management in Georgia and the Nation ................................................ .. ............. 23 

Ongoing and Planned Data Analysis .. .................. ... ........................................................................ 23 
Summary and Conclusions .................................................................................................................... ..... 24 
References Cited ........................................................................... ............. .................................................. 25 



iv 

Figures 

1- 4. Maps showing-

1. Status of the Georgia Agricultural Water Conservation and Metering 
Program in southern Georgia by year-end 2009; locations of permitted 
unmetered and metered agricultural water-use sites; and metered and 
telemetered sites located in Statistical Region 1, middle-and-lower 
Chattahoochee and Flint River basins; Statistical Region 2, coastal region; 
and Statistical Region 3, central-south Georgia ... .. ............................. ........................... 4 

2. Status of Georgia Agricultural Water and Conservation Metering Program, 
year-end 2010 ..................... ............ ...... .. ............ ....... ...... ......... ... .................................... ..... 8 

3. Sta ndard deviation distribution of Getis Ord Gi* statistic resulting from 
hot-spot analysis of annually reported irrigation water-meter data for 
groundwater and surface water, and corresponding telemetry networks 
for the middle and lower Chattahoochee and Flint River basins, 2007 ........ .. ....... .... 13 

4. Significant z-score values (standard deviations) from cluster and outlier 
analysis of annually reported irrigation water-meter data from groundwater 
and surface water, and locations of corresponding telemetry sites for 
the middle and lower Chattahoochee and Flint River basins, 2007 ........................... 13 

5- 6. Graphs showing-

5. Variance cloud within separation distance of 450 meters derived from 
normalized annually reported water-meter data in the middle and lower 
Chattahoochee and Flint River basins for the 2007 growing season ........................ 15 

6. Variogram model derived from norma lized, annually reported 
water-meter data in the middle and lower Chattahoochee and 
Flint River basins for the 2007 growing season ............. ... .................................... ........ 15 

7. Map showing kriged estimates of normalized an nually reported water-meter 
data in the middle and lower Chattahoochee and Flint River basins for the 
2007 growing season .......................................... ............ ............................................................ 16 

8. Graph showing cross validation of kriged estimates of normalized annual 
water-meter data in the middle and lower Chattahoochee and Flint River 
basins for the 2007 growing season .... ....... .. ............ ............................................................... 17 

9. Map showing vari ance map of estimation error for annually reported 
water use in the middle and lower Chattahoochee and Flint River basins 
for the 2007 growing season ..... ............... ............ .. ......................... ........................ ......... ......... 18 

10. Graph showing variogram model resulting from cross validation of annually 
reported water-meter data from the middle and lower Chattahoochee and 
Flint River basins for the 2007 growing season ..................................................................... 18 

11- 14. Maps showing-

11. Estimation variance reduction for variogram models of normalized 
water-meter data in the middle and lower Chattahoochee and Flint Rive r 
basins, 2007 growing season ........................ ....................................... ............ .. .......... .... 19 

12. Revised telemetry network for daily water-use data collection and satellite 
transmission in the middle and lower Chattahoochee and Flint River basins ......... 20 

13. Revised and 2007 telemetry networks for daily water-use data collection 
and satellite transmission in the middle and lower Chattahoochee and 
Flint River basins .................... .......... ... ......... ......... ... ......... ...... .............................. ........ ... .. 21 

14. Conditional simulation of normalized annually reported water-meter data 
in the middle and lower Chattahoochee and Flint River basins for the 
2007 growing season ..................................... ................ .. .................................................. 22 



Tables 

1. Summary of water-meter installations in southern Georgia, 2009 ....................................... 3 

2. Mean annual water-use calculations with fi ltered and non-filtered water-meter 
data, middle and lower Chattahoochee and Flint River basins, Georgia, 2007 .. ................ 9 

3. T-test results for mean metered water-use volumes from groundwater and 
surface-water sources obtained from telemetry and annually reported water 
meters, middle and lower Chattahoochee and Flint River basins, Georgia, 2007 ............ 11 

4. Average irrigation depth at annually reported water-meter sites in the middle 
and lower Chattahoochee- Flint River basins in Georgia for the 2007- 2010 
growing seasons ......................................................................................................................... 14 

Conversion Factors and Datums 

Multiply By To obtain 

Length 

inch 2.54 centimeter (cm) 

inch 25.4 millimeter (111111) 

fool (ft) 0.3048 meter (m) 

mile (mi) 1.609 kilometer (km) 

Area 

acre 4,047 square meter (m2) 

acre 0.4047 hectare (ha) 

acre 0.4047 square hectometer (hm2) 

acre 0.004047 square kilometer (km2) 

Volume 

gallon (gal) 3.785 liter (L) 

gallon (gal) 0.003785 cubic meter (1113) 

gallon (gal) 3.785 cubic decimeter (dm3) 

cubic foot (ft3) 28.32 cubic decimeter (dm3
) 

cubic foot (ft3) 0.02832 cubic meter (1113) 

acre-fool (acre-ft) 1.233 cubic meter (1113) 

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows: 

°F = (1.8 x °C)+32 

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows: 

°C .= (°F - 32)/ 1.8 

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVO 88). 

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAO 83). 

V 





Summary of the Georgia Agricultural Water Conservation 
and Metering Program and Evaluation of Methods Used 
to Collect and Analyze Irrigation Data for the Middle and 
Lower Chattahoochee and Flint River Basins, 2004-2010 

By Lynn J. Torak and Jaime A. Painter 

Abstract 

Since receiving jurisdiction from the State Legis lature 
in June 2003 to implement the Georgia Agricultural Water 
Conservation and Metering Program, the Georgia Soil and 
Water Conservation Commission (Commission) by year-
end 20 10 installed more than 10,000 annually read water 
meters and nearly 200 daily reporting, satellite-transmitted, 
telemet1y sites on irrigation systems located primarily in 
southern Georgia. More than 3,000 annually reported meters 
and 50 telemetry s ites were installed during 20 IO alone. The 
Commission monitored rates and volumes of agricultural 
inigation supplied by groundwater, surface-water, and 
well-to-pond sources to inforn, water managers on the patterns 
and amounts of such water use and to determine effective and 
efficient resource util ization. 

Summary analyses of 4 complete years of irrigation data 
collected from annually read water meters in the middle and 
lower Chattahoochee and Flint River basins during 2007- 2010 
indicated that groundwater-supplied fields received slightly 
more irrigation depth per acre than surface-water-supplied 
fields. Year 2007 yielded the largest disparity between irrigation 
depth supplied by groundwater and surface-water sources as 
fam1ers responded to severe-to-exceptional drought conditions 
with increased irrigation. Groundwater sources (wells and 
well-to-pond systems) outnumbered surface-water sources 
by a factor of five; each groundwater source applied a third 
more irrigation volume than surface water; and, total irrigation 
volume from groundwater exceeded that of surface water by 
a factor of6.7. Metered irrigation volume indicated a pattern 
of low-to-high water use from northwest to southeast that 
could point to relations between agricultural water use, water­
resource potential and availability, soil type, and crop patterns. 

Normalizing metered irrigation-volume data by factor­
ing out irrigated acres allowed irrigation water use to be 
expressed as an irrigation depth and nearly eliminated the 
disparity between volumes of applied irrigation derived from 
groundwater and surface water. Analysis of per-acre irrigation 

depths provided a commonality for comparing irrigation 
practices across the entire range of field sizes in southern 
Georgia and indicated underreporting of irrigated acres for 
some systems. Well -to-pond systems suppl ied irrigation at 
depths similar to groundwater and can be combined with 
grow,dwater irrigation data for subsequent analyses. Average 
irrigation depths during 2010 indicated an increase from 
average irrigation depths during 2008 and 2009, most likely 
the result of relatively dry conditions during 20 IO compared 
to conditions in 2008 and 2009. 

Geostatistical models faci litated estimation of irrigation 
water use for unmetered systems and demonstrated usefulness 
in redesigning the telemetry network. Geospatial analysis 
evaluated the abi lity of the telemetry network to represent 
annually reported water-meter data and presented an objective, 
unbiased method for revis ing the network. 

Introduction 

The Georgia General Assembly enacted House Bill 579 
on June 4, 2003, granting jurisdiction to the Georgia Soil and 
Water Conservation Commission (hereafter referred to as the 
Commission) to 

" .. . [implement] a program of measuring farm 
uses of water in order to obtain clear and accurate 
inforn,ation on the patterns and amounts of such use, 
which infom1ation is essent ial to proper manage­
ment of water resources by the state and useful to 
farms for improving the efficiency and effectiveness 
of their use of water ... and [for] improving water 
conservation" (Georgia General Assembly, 2003). 

During late 2003, the Commission began installing water 
meters for the annually reported and dai ly telemetry networks 
to provide estimates of applied irrigation volumes and per-acre 
irrigation depths derived from groundwater, surface-water, and 
well-to-pond sources. 
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Since November 2008, the U.S. Geological Survey 
(USGS), in cooperation with the Commission, has investigated 
methods for estimating agricultural water use and growing­
season pumping rates through the analysis of water-meter 
data. Initial investigations assured the quality of irrigation 
water-meter data collected since the establishment of the 
metering program in 2003. Geospatial analyses of these data 
yielded promising results for identifying patterns of seasonal 
agricultural water use. 

Study Objectives 

The following objectives describe the USGS investi­
gation of irrigation data col lected by the Commission in 
accordance with and support of the metering program: 

• Develop a quality-assurance program to ensure 
completeness and internal consistency of water­
meter data; 

• Calculate descriptive statistics of aggregated 
water-use data; 

• Evaluate the potential to relate daily water-use 
telemetty (telemetered data) to annually reported 
water-use data through a descriptive statistical 
model; and 

• Identify spatial and temporal d istributions of 
agricu ltural-i1Tigation purnpage. 

Purpose and Scope 

This report summarizes agricultural water-meter irrigation 
data collected by the Georgia Soil and Water Conservation 
Commission during 2004- 20 IO in support of the Georgia 
Agricultural Water Conservation and Metering Program that 
has been implemented in Georgia. The report contains maps 
showing the s tatus of the metering program at years-end 2009 
and 20 IO for visual comparison of the level of completeness of 
meter installations at these time horizons. 

The report describes an evaluation of methods used to 
assess the accuracy of the annually reported and telemetry 
water-meter networks to represent the entire population of 
inigation systems in Georgia. Resul ts of this assessment 
involved irrigation data from the middle and lower Chatta­
hoochee and Flint River basins for the 2007 growing season 
and are presented as an example. 

Described in this report are summary analyses of 4 years 
of complete irrigation water-meter data collected in the middle 

and lower Chattahoochee and Flint River basins during the 
2007-20 IO growing seasons and a detai led geospatial analysis 
of metered agriculn1ral-i1Tigation data for the 2007 growing 
season. The 2007 growing-season data proved to be the 
most interesting of the 4 years of complete irrigation data, 
yielding the largest disparity between inigation supplied by 
groundwater and surface-water sources as fam1ers responded 
to severe-to-exceptional drought conditions with increased 
irrigation. The geospatial analysis demonstrated the usefulness 
of th is technology for evaluating the ability of the telemet1y 
network to represent annually reported water-meter data and 
presented an objective, unbiased method for revis ing the 
network and estimating irrigation water use at unmetered 
irrigation sites. 

Data and mathematical relations expressed in this 
report are used solely in a manner consistent with the intent 
of Georgia Genera l Assembly House Bill 579 (Georgia 
General Assembly, 2003) and the Privacy Act of 1974 (U.S. 
Department of Justice, 20 I 0) and the intent of both of these 
documents to protect the right to privacy of each fan11er. 
Therefore, this report, contains aggregated data and analyses 
w ithout reference to specific water use by individual farmers. 

The cooperative research of agricultural water-use data 
by USGS and the Commission aligns directly wi th the USGS 
mission to provide reliable, impartial, and timely information 
that is needed to understand the Nation's water resources. The 
unique water-use dataset generated by the agricultural irriga­
tion water-metering program in Georgia could be integrated 
with corresponding national water-use and availabili ty datasets 
under the WaterSMART Availabil ity and Use Assessment 
Program, which has identified the metered area of the middle 
and lower Chattahoochee and Flint River basins as part of a 
focus area study (U.S. Geological Survey, 20 I 0). The analyses 
of metered inigation data presented herein demonstrate a 
possible technique for water-use assessment that could be 
scaled up to the national level for developing future Water 
Census products (Eric Evenson, U.S. Geological Survey, 
Coordinator, WaterSMART Initiative, written commun., 
May 20 11 ). Researchers for the WaterSMART initiative 
have expressed interest in comparing these methods of data 
analysis w ith that currently used in the national Water Census 
program (Phi ll ip J. Zarriello, Hydrologist, U.S. Geological 
Survey, Northborough, Massachusetts; Molly A. Maupin, 
Hydrologist, U.S. Geological Survey, Boise, Idaho, written 
commun., June 20 11 ). USGS impa11iality in developing 
results of this cooperative investigation with the Commission 
enables objective analyses of agricul tural water-meter data and 
provides a scientific foundation for making water-management 
decisions involving the use of limited groundwater and 
surface-water resources by agriculture in Georgia. 
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Summary of the Georgia Agricultural 
Water Conservation and Metering 
Program, 2004-2010 

Initial meter installations during 2004-2007 coinc ided 
geographically with the concentration of agricultural irrigation 
in south Georgia, focusing mainly in the mjddle and lower 
parts of the Chattahoochee and Flint River basins (fig. I). 
A few water meters were installed in the southern pa11 of 
the upper Flint River basin. By year-end 2009, the Com­
mission monitored agricultural withdrawal from a network 
of6,985 annually read flow meters and 148 daily repo1ting, 
satellite telemetiy sites operating at water-withdrawal-pem1it 
locations in southern Georgia (table I). 

Installation of water meters continued in other areas 
of Georgia through 20 I 0, increasing to a tota l of more than 
I 0,000 annually reported and about 200 telemetty sites 
(David A. Eigenberg, Georgia Soil and Water Conservation 
Commission, written commun., May 20 11; fig. 2). Compared 
with the map showing the 2009 status of the metering program 
(fig. IA), the 20 IO map illustrates the effectiveness of the 
State Agricultural Water Conservation and Metering Program 
(hereafter referred to as simply the metering program) for 
installing water meters on nearly every permitted agricultural 
water-withdrawal system in Georgia. 

Installation of annually repo11ed and dai ly telemetry 
water-meter networks progressed to completion in the Chatta­
hoochee and Flint River basins in time to monitor water use 
during the 2007 growing season. Three statistical regions were 
identified for analysis of agriculn1ral water-meter irrigation 
data based on completion of water-meter installations by 
2007 (fig. 1). Stati stical region I , the middle and lower 
Chattahoochee and Flint River basins, contained completed 
networks of annua lly reported and daily telemetry water-meter 
data by the begilllling of the 2007 growing season. Instal­
lation ·of water-meter networks for statistical region 2, the 
coastal region, and statistical region 3, central-south Georgia, 
continued during 2007- 20 I 0. 

By the end of 2009, in the middle and lower Chattahoo­
chee and Flint River basins, groundwater meters outnumbered 
surface-water meters by a factor of five (3,609 groundwater 
meters compared to 748 surface-water meters; fig. I, table I) , 
The disparity between these numbers likely is a result of the 
relative ease of obtaining groundwater from high-yielding 
wells, installed vi11ually at the point of irrigation in the field, 
compared to piping surface water from a limited network of 
streams, each of which contains limited water availability and 
the potential to d1y up during the height of the growing season. 

Table 1. Summary of water-meter installations in southern 
Georgia, 2009. 

[See figure I for location] 

Source Annually 
reported 

Meter type 

Telemetry 

Middle and lower Chattahoochee and Flint River basins 

Groundwater 3,609 46 

Surface water 748 35 

Subtotal 4,357 81 

Coastal region 

Groundwater 679 20 

Surface water 378 16 

Subtotal 1,057 36 

Central south Georgia 

Groundwater 912 15 
Surface water 659 16 
Subtotal 1.571 31 
Total 6,985 148 
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A. Permitted unmetered and metered agricultural water-use sites 

85° 

Base modified from U.S Geological Survey 
1 :2.000,000-scale digital data 

20 40 60 MILES 

0 20 40 60 KILOMETERS 

EXPLANATION 

- · · - Statistical Region boundary 

• Metered 

• Permitted unmetered 

Figure 1. Status ofthe Georgia Agricultural Water Conservation and Metering 
Program in southern Georgia by year-end 2009; locations of (AJ permitted unmetered 
and metered agricultural water-use sites; and metered and telemetered sites located 
in (BJ Statistical Region 1, middle-and-lower Chattahoochee and Flint River basins; 
(CJ Statistical Region 2, coastal region; and (DJ Statistical Region 3, central-south 
Georgia (Georgia Environmental Protection Division and Georgia Soil and Water 
Conservation Commission, written commun., 2009). 
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Figure 1. Status of the Georgia Agricultural Water Conservation and Metering Program in southern Georgia by 
year-end 2009; locations of (A) permitted unmetered and metered agricultural water-use sites; and metered and 
telemetered sites located in (B) Statistical Region 1, middle-and-lower Chattahoochee and Flint River basins; 
(C) Statistical Region 2, coastal region; and (D) Statistical Region 3, central-south Georgia !Georgia Environmental 
Protection Division and Georgia Soil and Water Conservation Commission, written commun., 2009).-Continued 
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in (8) Statistical Region 1, middle-and-lower Chattahoochee and Flint River basins; 
(C) Statistical Region 2, coastal region; and (D) Statistical Region 3, central-south 
Georgia (Georgia Environmental Protection Division and Georgia Soil and Water 
Conservation Commission, written commun., 2009).- Continued 
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Evaluation of Methods Used to 
Collect and Analyze Water-Meter 
Irrigation Data in the Middle and 
Lower Chattahoochee and Flint River 
Basins,2004-2010 

Quality assurance, statistical, and geostatistical methods 
were applied to the annually reported and telemetry water­
meter data to verify the accuracy of the metered water-use 
values and the ability of the meter networks to represent 
irrigation volumes and depths for the population of irrigation 
systems located in the middle and lower Chattahoochee and 
Flint River basins. Quality assurance analyses of water-meter 
roll back and roll forward (defined in the section "Water Meter 
Roll Back and Roll Forward") evaluated the integrity of the 
water meter itself to accurately record irrigation water use. 
Zero water-use data were analyzed for its effect on annual 
mean water-use calculations. A two-sample t-test evaluated the 
ab ili ty of the annually reported and telemetry data to represent 
samples of water use from the total population of irrigation 
systems including nonmetered systems. Geostatistical methods 
evaluated spatial trends and characteristics of the metered 
irrigation water use and the ability of the telemetry network 
to represent irrigation water use from the annually reported 
meter network. A telemet1y network redesigned on the basis 
of geostatistical ana lyses demonstrated the usefulness of these 
methods for estimating water use from an efficient monitoring 
network having minimal estimation error. 

Quality Assurance of Water-Meter Data 

Quality assurance involves the validation of annually 
reported and telemetered agricultural water-meter data. This 
validation consisted of identi fying water-meter "roll back" 
or "roll forward," non-water use (meter reading of zero), and 
zero acreage assigned to a meter. (These validation checks are 
described in subsequent sections of this report.) Meters were 
installed either on a distribution line that provided water to 
one or multiple fields or on a supply line leading from a well, 
stream, or well-to-pond water source. Most meters registered 
water-use volume in acre-inches, although some meters 
reported water use in gallons and others reported in cubic feet. 

Water-Meter Roll Back and Roll Forward 

Water-meter roll back and roll forward affected some meter 
readings of annually reported irrigation volumes. Roll back 
occurs when the impeller of the water meter operates in reverse, 
causing the meter to operate backwards and the readings to 

decrease, or roll back. Several conditions in the irrigation 
system that could cause roll back include the following: 

• Suction in the supply pipe that contains the meter, 
which is caused either by draining or backflow of 
an irrigat ion system following pump shutoff. Water 
flows back to the well causing higher potential head 
in the distribution pipe than in the wel l. 

• Negative air pressure in a well because of aquifer 
dewatering, which pulls water from the supply pipe 
back into the well. 

Annually reported meter data compi led for the Chat­
tahoochee- Flint River basin during 2007 indicated a potential 
for up to 30 acre inches (ac-in) of roll back, eliminating 
at least 100 water-meter sites from the analyses (table 2). 
Roll back was assumed to have occurred in water meters 
that registered close to, or within 30 ac-in of, the maximum 
meter reading of9,999.9 ac-in. The bulk of the water meters 
el iminated because of roll back (99 meters) registered up to 
5 ac-in of ro ll back. The number of water meters registering 
roll back diminished after about IO ac-in, and fi ltering for roll 
back in excess of30 ac- in proved non-productive. 

Table 2. Mean annual water-use ca lculations with filtered and 
non-filtered water-meter data, middle and lower Chattahoochee 
and Flint River basins, Georgia, 2007. 

["Filter" indicates exclusion of specific meter data from analysis: "5, I 0. 30" 
identify acre-inch thresholds for water-use data suspected of containing meter 
roll back] 

Filter, 
in acre-inches 

None (non-filtered) 

Zero usage 

Mean of metered water use, 
2007, in acre-inches 

(number in parentheses 
is number of sites) 

Annually 
Telemetry reported 

2,323 (4,059) 1,247 (76) 

2.429 (3 ,882) 1,529 (62) 

Roll-back analysis 

Mean of metered water use, 
2007, in acre-inches 

Filter Meter reading (number in parentheses 
in acre- greater than, is number of sites) 
inches in acre-inches 

Annually 
Telemetry reported 

5 9,995 1,760 (3,783) 1,529 (62) 

10 9,990 1.752 (3,779) 1,529 (62) 

30 9,970 1,745 (3,776) 1,529 (62) 
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Although somewhat easily detected in water meters 
that did not record water use during a growing season, the 
potential existed for roll back ofup to 5 ac-in in all nonzero, 
annually reported meter readings. No roll back was detected 
in the telemetered data. Calculations that included annua lly 
reported water-meter data suspected of roll back resu lted 
in a 38-percent overestimation of mean itTigation volume 
compared with similar calculations that eli111i1iated (fi ltered 
out) water-meter readings suspected of roll back (2,429 ac-in 
compared with 1,760 ac-in; table 2). 

Roll forward is the opposite of roll back and results in 
an erroneous meter reading that indi cates a larger irrigation 
volume than actually was supplied by the metered irrigation 
system. Positive air pressure in the distribution line, possibly 
caused by rising groundwater levels after a pump is shut 
off, or seasonal (or regional) water-level rise could increase 
water-meter readings from actual water-use values. Clear 
detection of roll fmward occurs when a water meter that has 
been initialized to zero indicates a small irrigation volume for 
an irrigation system that has not operated during the growing 
season. Roi I forward of water-meter readings at non-use s ites, 
though possible, did not affect water-use calculations s ignifi­
cantly. Ro ll forward and roll back are difficul t, if not impos­
sible, lo detect during the growing season at irrigated s ites, as 
meter readings other than zero can be affected unknowingly 
by these phenomena. 

Zero Water Use 

Some water meters recorded zero water use (no waler 
use) since the inception of the metering program during 2003. 
These zero water-use data when combined with non-zero 
water-use data decreased the value of the mean of metered 
irrigation volume calculated using annually reported and 
telemetered data (table 2). Retaining zero-usage values in 
calculations involving annually reported data resulted in a 
4-percent reduction in mean-metered water use, compared 
with s imilar calculations with the zero-usage data removed or 
filtered out (2,429 ac-in compared with 2,323 ac-in). Calcula­
tions involving telemetered data that retained the zero-usage 
values resulted in an 18-percent lower estimate of mean water 
use, compared with a similar calculation with zero-usage data 
removed ( 1,529 ac-in compared with 1,247 ac-in). Sites with 
zero water use were el iminated from subsequent analyses. 

T-Test of Water-Use Mean Values 

Two-sample t-tests (Ideal Media, LLC, 20 I 0), or s imply 
t-tests, were performed to detem1ine the effectiveness of the 
telemetered data, when summed for a growing season, to 
represent the annually reported data . The t-test addressed the 
question of whether the means of the telemetry and arumally 
reported meter data represent the same population of water-use 

data. That is, are the means of the annually reported and 
telemetry data derived from the same population or different 
populations of water-meter data, and do the means vary by 
random chance? The true population mean is unknown, as 
it would include water use at unmetered sites as well as at 
metered (and telemetered) sites. The annually reported and 
telemet1y data, the.refore, represent two independent samples 
of water use from the population of metered and unmetered 
irrigation systems. 

The null hypothesis addressed by the t-test states that 
the means of the annually reported and te lemehy data are 
the same, implying that differences in values of the means 
occur by random chance, and that the means represent 
sample means of the entire populatioD of water-use data in 
the Chattahoochee- Flint River basin. Accepting the nul l 
hypothesis impl ies that the mean of the telemetry network 
data effectively represents both the mean of the annually 
reported water-use data and the mean of the entire population 
of water-use data in the basin. The alternative hypothesis 
conversely states that the difference between the two means 
did not occur by random chance; rather, the different values 
represent sample means derived from two distinct populations. 
Accepting the alternative hypothesis implies that the mean 
of the telemetry network data does not effectively represent 
the mean of the annua lly reported water-use data, nor does it 
represent the mean of the entire population of water-use data 
in the Chattahoochee- Flint River bas in. 

Other objectives of the t-tests were as fo llows: 

• Detem1ine if the mean water-use volume derived 
from telemetered data ( 1,529 ac-in) is stati stically 
d ifferent from the mean of the arurnally reported 
data ( 1,745 ac-in); 

• Compare mean water-use volumes supplied by 
groundwater and surface wate r to detern1ine whether 
groundwater and surface-water data can be analyzed 
as if derived from the same population, or whether 
separate analyses of two d istinct populations are 
required; and, 

• Determine if fam1ers use d ifferent application rates 
for groundwater and surface water-whether ground­
water sites denote statistica lly distinguishable (higher 
or lower) application rates and volumes from those of 
surface-water s ites. 

T-test results indicated a 24-percent probability (p va lue 
equals 0.24, table 3) that the difference between the means of 
the annua lly reported data and the telemel!y data occurred by 
random chance. That is, nearly a I in 4 chance exists of being 
wrong by rej ecting the null hypothesis, which states that the 
means of annually reported data and telemetty data are the 
same, implying means are sample means of the same popula­
tion. Conversely, there is a I in 4 chance that the means are not 
derived from the same population (accepting the alternative 
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Table 3. T-test resu lts for mean metered water-use volumes 
from groundwater and surface-water sources obtained from 
telemetry and annually reported water meters, middle and lower 
Chattahoochee and Flint River basins, Georgia, 2007. 

Data type 

Combined groundwater 
and surface water 

Groundwater 

Surface water 

Data type 

Annually reported 

Telemetry 

Annually Telemetry 
reported reported 

mean mean 

Acre-inches 
(number in parentheses 

is number of meters) 

1,745 (3.777) 1,529 (62) 

1,8 17 (3. 172) 1,675 (39) 

1,365 (605) 1,282 (23) 

Ground- Surface-
water water 
mean mean 

Acre-inches 
(number in parentheses 

is number of meters) 

1.8 1 7 (3.1 72) 1,365 (605) 

1.675 (39) 1,282 (23) 

T-test 
results 

(probability, 
p) 

0.24 

.59 

.71 

Nest 
results 

(probability, 
p) 

0 

0.24 

hypothes is). The 0.24 probability exceeds the acceptable 
level of ri sk (5 percent, or p = 0.05) allowed for accepting the 
alternative hypothesis that the means represent two distinct 
populations. Therefore, the telemetry network represents 
a statistically val id and effective sample of the population 
containing the annually reported meter data, and both samples 
are derived from the same population of water-use data. No 
statistical difference exists between the means of the annually 
reported data and the telemetry data. 

T-test results comparing means of metered water use 
by source indicated a 24-percent probability (p = 0.24) that 
groundwater and surface-water mean values derived from 
telemetry data va,y by chance and zero probabi lity (p = 0) that 
similar mean values derived from annually reported water­
meter data va,y by chance (table 3). That is, annual means 
of applied groundwater and surface-water irrigation volumes 
calculated by using annually repo11ed meter data represent 
sample means from two different populations and require 
independent analyses. Conversely, annual means of applied 
groundwater and surface-water irrigation volumes calculated 
by using te lemetry data represent sample means from the 
same population. For this comparison, well-to-pond irrigation 
systems were combined with groundwater systems to form 
one dataset, as the assumption was made that wells supplying 
ponds were pumped to meet irrigation demand. 

On average during 2007, the annual metered irrigation 
volume supplied by groundwater per irrigation system in 

the middle and lower Chattahoochee and Flint River basins 
exceeded that supplied by surface water by about one-third 
(table 3). As stated previously (table I ), five times more 
metered groundwater systems (3,609) exist in this basin than 
surface-water systems (748); therefore, metered water-use 
data indicate that during 2007, groundwater supplied about 
6.7 times the irrigation volume of that supplied by surface 
water (5 x 1.33). 

No statistical difference was noted between the means of 
water-use calculated using annually read water-meter data and 
that derived from telemetry for each water source (ground­
water and surface water). T-tests yielded high probabilities 
(59 percent for groundwater and 7 1 percent for surface water, 
table 3) that differences in the annual means of water use 
calculated by the different data networks (annually reported or 
telemetry) occurred by chance. That is, the telemetty networks 
for groundwater and surface water effectively represented the 
same population as corresponding annually reported networks 
of water meters. Therefore, telemetty and annually reported 
water-meter data are considered to represent (or sample) the 
same population of water-use data. 

Although Hest results provide statistica l va lidation that 
the telemetry networks for groundwater and surface water 
correspond with the same population of water-use data as that 
sampled from the annually reported water-meter data, mean 
water use calculated using telemetry-network data consistently 
underrepresented va lues calculated using annually reported 
water-meter data (tables 2, 3 ). Because the State stipulates 
that the prima1y purpose of the metering program is "to obtain 
clear and accurate information on the patterns and amounts 
of such [agricultural water] use" (Georgia General Assembly, 
2003), geospatial analyses of water-meter data were conducted 
to identify irrigation patterns and distributions of meters in 
the annually reported and telemetered networks in an effort 
to identify the cause(s) for the telemet1y network to under­
represent annually reported water use. 

Geospatial Analyses of Agricultural 
Water-Meter Data 

Geospatial analyses of telemetered and annually reported 
water-meter data in the middle and lower Chattahoochee and 
Flint River basins were performed to evaluate the distribution 
and randomness of meter locations and their values. The 
initial telemetty network, although a statistically valid sample 
of annually reported water-meter data, contained spatial 
deficiencies (described below) that prohibited the network 
from representing spatial patterns of agricultural water use 
as defined by annually reported water-meter data. Hot-spot 
and c luster and outlier analyses detern1ined the distribution of 
telemetry sites with regard to annually reported water-meter 
sites and provided the basis for redesigning the current 
telemetry network in the middle and lower Chattahoochee 
and Flint River basins. 
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Hot-Spot Analysis 

The hot-spot analysis, also known as Getis-Ord Gi* 
analysis (Environmental Systems Research Institute, lnc., 
2009b ), tested the occurrence of spatial clusters of high and 
low values of annually reported water use against the random 
occurrence of such data va lues. The Getis-Ord Gi* statistic 
defines a nonnal z score (or standard score), which is used to 
assess the distribution of the annually reported water-use values 
about the mean. Normally distributed z-score values contain a 
mean of O and a standard deviation of I (StatTrek.com, 2011 ). 
Significant z scores ( less than [ <] - 1.64 or greater than [>] 
1.65 standard deviations) of the Getis-Ord Gi* statistic occur 
in areas containing clusters of either high (positive z scores) or 
low (negative z scores) irrigation water-use volumes (fig. 3). 
Separate hot-spot analyses for groundwater and surface water 
indicated geographjc bands of low-to-high agricultural water­
use volume that trend northwest to southeast. The location 
of "hot spots" could relate to water availability in streams, 
variation in water-producing zooes in aquifers, variations in 
soil type, rainfall variation, or crop distribution. 

Cluster and Outlier Analysis 

Cluster and outlier analysis, also known as Ansel in Local 
Moran's I (Environmental Systems Research Institute, Inc., 
2009a), was used to differentiate groups of annua lly reported 
water-use volume containing similar magnitude (clusters) 
from groups containing dissimilar or heterogeneous va lues 
(outl iers). Clustering of sim ilar or dissimilar values of annual 
irrigation volume provides insight into agricultural practices, 
possibly attributed to water availability from streams or 
aquifers, numbers of fields or irrigation systems monitored 
with a single meter, crop types, rainfall distribution, and ( or) 
soil conditions. Clustering or outliers in annual irrigation 
volume can vary by growing season, and annual ly reported 
and telemetered water use can differ in the degree and s ign of 
clustering from year to year. 

A normalized z score was used to assess statistical 
significance of the cluster and outlier statistic, or Local 
Moran's I, in a similar maimer as the z score described 
previously for the hot-spot analyses. Significant positive 
z scores(> 1.65 standard deviations) correspond wi th 
clusters of s imilar water use values; s ignificant negative z 
scores(< - 1.65 standard deviations) correspond with areas 
containing dissimilar values, or outliers (fig. 4). The distri­
bution of s ignificant z-score values derived from annually 
reported water-use data by source (groundwater and surface 
water; fig. 4) compared with the distribution of hot spots of 
annual water-use volume (fig. 3 ), indicated a concentrated 
distribution of telemetry sites in areas containing low annual 
i1Tigation water use. Although some telemetry sites monitor 
areas containing clusters of high irrigation water use (positive 
z scores, fig. 3 ), the telemetry sites generally underrepresented 
annually reported water-meter data associated with high 

water-use volume. This is evident in tables 2 and 3-mean 
water-use volume calculated with the telemet1y network con­
sistently underrepresented mean water-use volume calculated 
from annua lly reported water-meter data. Investigation of 
metered irrigation systems indicated that each telemetry site 
monitored water use for one irrigation system that served one 
field, in contrast with amrnally repo1ied water-meter sites that 
monitor one or more irrigation systems serving one or more 
fields. Metered irrigation systems serving more than one field 
recorded higher water-use volume than telemetered systems, 
which monitored water use on a s ingle field. 

Cluster and outlier analysis in conjunction with hot-spot 
analysis exposed a shortcoming of the current telemetry 
network in representing the spatial distribution of the annual ly 
reported water-use data. Consistent undeITepresentation of mean 
water-use volume by the current telemetry network indicates a 
need to better represent the spatial distribution of the annual ly 
reported water-use data w ith a revised telemet1y network. 

Normalization of Metered Water-Use Data 

Normalization of metered water-use data mitigates the 
effects of design disparities between the annually reported and 
telemet1y networks by factoring out (dividing) acreage from 
meter read ings of water-use volume. Water use, therefore, is 
expressed as a per-acre irrigation depth (inches) instead of 
an irrigation volume (ac-in) following normalization. This 
procedure a llowed for evaluation of the patterns and amounts 
of agricultural irrigation, independent of water source, acres 
supplied by each system, and volume pumped. Because of 
differences in the irrigation characteristics at the telemetry and 
annually reported sites, the groundwater and surface-water 
means of water-use volume derived from the telemetry network 
represented samples from a single population, and similar 
means derived from am1ually read meters indicated two distinct 
populations (table 3). TelemetJy sites monitored irrigation at 
one field served by a s ingle, metered water source in contrast to 
annually repo,ied s ites that monitored water use at one or more 
fields served by one or more metered water sources. 

The number of irrigated acres supplied by each metered 
s ite affected the mean water-use volume calculated by using 
telemetered and annually reported water-meter data. Telemetry 
sites consistently underrepresented mean-irrigation volume 
(table 2), most likely because each site monitored water use 
from one irrigation system serving one field. I-lot-spot and 
cluster and outl ier analyses indicated a wide range of app lied 
irrigation volume among annually reported metered s ites. 

The normalized, average irrigation depths for ground­
water, surface-water, and well-to-pond metered systems 
dw·ing 2007- 20 IO indicated that groundwater-suppl ied 
fields, which include fields supplied by well-to-pond systems 
during 20 I 0, received slightly more irrigation per acre than 
surface-water-supplied fields (table 4 ). The aggregate value of 
total metered irrigation volume was d ivided by total irrigated 
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Table 4. Average irrigation depth at annually reported water­
meter sites in the middle and lower Chattahoochee-Flint River 
basins in Georgia for the 2007-2010 growing seasons. 

[NIA, not available) 

Average irrigation depth, in inches, by growing 
Source season (number in parentheses is number of meters)! 

type 
2007 2008 2009 2010 

Groundwater 14.4 11.0 8.9 11.8 
(2,299) (2. 134) (2,069) (2,687)' 

Surface water 11.4 9.7 7.9 11.6 
(65 I ) (534) (510) (474) 

Well-to-pond NI A 10.9 8.9 
(579) (580) 

"Well-to-pond water-use data combined with groundwater data for average 
itTigation depth computation. 

acres, respectively, for each year 2007-20 I 0, to 110111,alize 
the metered water-use data and obtain values of irrigation 
depth listed in table 4. Nonnal izing meter data by factoring 
out irrigated acres from the metered water-use volumes nearly 
eliminated the disparity between volumes of applied irriga­
tion derived from groundwater and surface water (table 3 ). 
The normalized water-use data also confim1ed the previous 
assumption that well-to-pond systems supply irrigation at rates 
similar to groundwater and, therefore, that the well-to-pond 
irrigation data can be combined with groundwater irrigation 
data for subsequent analyses. Surface-water availabi lity, gov­
erned by the proximity of fields to streams and the amount of 
streamflow, could explain the remaining differences between 
i1Tigation depths supplied by groundwater and the depths 
supplied by surface water. Average irrigation depths during 
20 IO indicated an increase from the average irrigation depths 
during 2008 and 2009, most likely the result of relatively dry 
conditions during 20 IO compared to conditions in 2008 and 
2009. Groundwater and surface-water metered irrigation data 
were combined for further statistical and geospatial analyses. 

Telemetry Network Redesign 
Computations of mean-metered irrigation volume (table 3) 

indicated underrepresentation of irrigation volume with the 
current telemetry network, which has been in operation since 
2007, thus demonstrating a need to redesign the telemetry 
network. Current telemetry network sites each monitored 
one irrigation system serving one field in contrast to most 
annually reported water-meter sites that monitored more than 
one irrigation system or se1ved multiple fields. Normalization 

of metered water-use data eliminated spatial trends that 
were indicated with hot-spot and cluster and outlier analyses 
(figs. 3, 4). Geostatistical methods that evaluated the spatial­
correlation structure of norn,alized, annually reported water­
meter data (per-acre irrigation depths) were used to redesign 
the telemetry network as described in subsequent sections 
of this report. This revised telemetry network and additional 
geostatistical methods provided a basis for estimating irriga­
tion water use for unmetered agricultural-ilTigation systems. 

Geostatistical Analysis of Metered 
Water-Use Data 

Geostatistics (Matheron, 1971; Joumel and Huijbregts, 
1989) represent a "collection of techniques for the solution of 
estimation problems involving spatial variables" and employ 
a "systematic approach to making inferences about quantities 
that va1y in space" (American Society of Civil Engineers 
Task Committee on Geostatistical Techniques in Geohydrol­
ogy, 1990a, b ). Such quanti ties vary as a function of spatial 
coordinates. Water-use estimates in southern Georgia rely 
heavily on metered and telemetered data consisting of applied 
i1,-igation volume; however, as demonstrated previously, spatial 
variabi li ty of water-use data precludes error-free estimation of 
water use eve1ywhere, not only in areas containing unmetered 
agricultural systems. Geostatistics provides the tools to 
(I) calculate the most accurate water-use estimates based 
on well-defined criteria, measurements, and other relevant 
information; (2) quantify the accuracy of these estimates; and 
(3) select the parameters to be measured and determine where 
and when to measure them, given the opportunity to collect 
more data (American Society of Civil Engineers Task Commit­
tee on Geostatistical Techniques in Geohydrology, 1990a, b ). 

Geostatistical techniques- autocorrelation or variogram 
analysis, interpolation (kriging), and cross validation- were 
applied to the normalized, metered water-use data for the 
middle and lower Chattahoochee and Flint River basins during 
the 2007 growing season to 

• Evaluate the spatial-correlation structure and regional 
distribution of annually reported water-meter data, yet 
preserve local variations of per-acre irrigation depth; 

• Revise the 2007 telemetry network using the 
spatial-correlation model of water use developed 
from the normalized annually reported meter data, 
expressed in inches; and 

• Quantify and reduce estimation error associated 
with representing annually reported water-meter 
sites with a telemetry network, thereby increasing 
the effectiveness of the te lemetly network. 
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Semivariance: Overview 

Water-use data (Z) are spatially correlated based on 
the separation distance (h) between pairs of data (z, and z,,,,, 
which are elements of Z) and their di fference (z; - z,,,,), where 
" i'' indexes each meter. Semivariance, y(h), accounts for the 
difference in meter values between data pairs (z, - z,,

1
,) located 

within a distance-class interval h for all N(h) data pairs in the 

distance class as L;~i (z; - z;+t,)2 

y(h) = 2N(h) 

(American Society of Civil Engineers Task Committee on 
Geostatistical Techniques in Geohydrology, 1990a). 

Each distance class h contains semivariance data for all 
data pairs in the class. A plot of data pairs and corresponding 
variance values for a specific distance class constitutes a 
variance cloud and indicates the dispersion of the differences 
in annual water-use values and corresponding separation 
distance among data pairs in the distance class. For example, 
the variance cloud for normalized annually reported water­
meter data having a distance class of 450 meters (m ; fig. 5) 
indicates a closely grouped distribution of )'(h) values less than 
about 1.7. Outliers plot away from the clustered y(h) values 
in the variance cloud and can negatively affect the correlation 
structure of water-use data by skewing the average y(h) value 
corresponding with the distance class. The plot of average 
semi variance by average separation distance for each distance 
class constitutes the experimental semivariogram, which gives 
a measure of the spatial correlation structure of the water-use 
data, as discussed in the fo llowing section. 
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Figure 5. Variance cloud within separation distance of 
450 meters derived from normal ized annually reported 
water-meter data in the middle and lower Chattahoochee 
and Fl int River basins for the 2007 growing season. 

Semivariogram Development and Geostatistical 
Estimation: Structural Analysis 

A prerequisite to geostatistical estimation of nomialized 
annually reported water-meter data involves assessment of 
the statistical structure (structural analys is) of the data. The 
first two statistical moments of the data, namely the mean and 
covariance (or the semivariogram), constitute the statistics of 
interest during structural analysis (American Society of Civil 
Engineers Task Committee on Geostatistical Techniques in 
Geohydrology, 1990a). The semivariogram consists of a plot 
of the average semivariance for each distance class (derived 
from variance clouds, fig. 5) by average separation distance 
in the class. The resulting plot (symbols, fig. 6) represents the 
spatial-correlation structure of annually reported water-use 
data, termed the experime11tal semivariogram or variogram. 
Judicious selection of distance classes yielded a strong correla­
tion structure of water-meter data with distance. A commonly 
used graphical method for structural analysis consists of fitting 
a function to the experimental semivariogram to produce 
a variogram model. An exponential function (exponential 
variogram model) fits the experimental semivariogram derived 
from the nomialized, annually repotied water-use data (fig. 6; 
American Society of Civil Engineers Task Comm ittee on 
Geostatistical Techniques in Geohydrology, 1990a). 

The exponential variogram model indicates strong spatial 
correlation among water-meter data where the model is curved: 
that is, for water-meter sites separated by less than about 
2,000 m, or about 1.3 miles (mi; fi g. 6). Conversely, no spatial 
correlation exists between water-meter data separated by more 
than 2,000 m, which is where the model becomes nearly hori­
zontal. This distance (2,000 m ) defines the range of correlation 
for the model. Correlation structure cannot be resolved in 
water-use data separated by more than about 2,000 m. Con­
sequently, semivariance and the experimental semivariogram 
is nearly constant beyond this distance. The variogram model 
could be used in an interpolation process to estimate annual 
water use at unmetered sites located within about 2,000 m, or 
about 1.3 mi, of annually reported water meters. 
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Figure 6. Va riogram model derived from normalized, 
annually reported water-meter data in the middle and 
lower Chatta hoochee and Flint River basins for the 
2007 growing season. 
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Linear Interpolation of Water-Use Data: Kriging 

Linear interpolation uses the underlying spatial-correla­
tion structure of the data (variogram model, fig. 6) to estimate 
expected values of a spatial variable (such as the normalized 
annual water-meter data) as a weighted sum of the measured 
data in areas where no measurements have been made. Kriging 
provides unbiased estimates for the expected values of the 
spatial variable as a weighted sum of the measured data having 
minimum estimation variance (American Society of Civil 
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L 

Engineers Task Committee on Geostatistical Techniques in 
Geohydrology, 1990a). 

Kriged estimates of normalized annual irrigation water­
meter data indicate a diverse distribution of per-acre water­
application rates (or irrigation depth, in inches) in the middle 
and lower Chattahoochee and Flint River basins (fig. 7). 
Kriged estimates of per-acre irrigation rates were computed at 
intersections of a regular grid of 77 rows by I I I columns, or 
at 8,547 locations in the basin. Each grid block represents a 
I ,740-m square. 

EXPLANATION 

Estimated irrigation depth, in inches 

5.15 to 7.55 14.45 to 15.35 
7.56 to 8.92 15.36 to 16.3 
8.93 to 10.1 16.31 to 17.33 
10.11 to 11 .11 17.34 to 18.79 
11.12 to 11.96 18.8 to 20.79 
11.97 to 12.71 20.8 to 23.07 
12.72 to 13.52 23.08 to 27.69 
13.53 to 14.44 

- · · - Chattahoochee and Flint River basins 

Figure 7. Kriged estimates of normalized 
annua lly reported water-meter data in the 
middle and lower Chattahoochee and Flint 
River basins for the 2007 growing season. 
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Evaluating Effectiveness of Variogram Model and 
Kriging: Cross Validation and Estimation Variance 

Cross validation provides a means to evaluate the 
semivariogram model and parameter selection used in kriging. 
Cross validation consists of systematically (independently) 
estimating water use at each annually reported meter location 
using kriging. This is accomplished by removing measure­
ments associated with annually reported water meters one at a 
time and estimating the corresponding values with successive 
applications of the semivariogram model through the kriging 
process. A plot containing the most accurate (best) 200 esti­
mates of aiurnally repo1ied water use and corresponding meter 
data for the middle and lower Chattahoochee and Flint River 
basins demonstrates the effectiveness of the variogram model 
and kriging to represent the actual data (fig. 8). Water-meter 
locations associated with these estimates provide the basis for 
redesigning the telemet1y network, discussed in a subsequent 
section of this report. 

The "regression coefficient" identified at the bottom of 
the graph (fig. 8) represents a measure of the goodness of fit 
for the least-squares model describing the linear regression 
equation. A perfect I : I fit (without error) would have a regres­
sion coefficient (slope) of 1.00, and the best-fit line (solid line) 
would coincide with the dotted 45-degree line on the graph. 
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Figure 8. Cross validation of kriged estimates of 
normalized annual water-meter data in the middle and 
lower Chattahoochee and Flint River basins for the 
2007 growing season. 

24.78 

The standard error (SE= 0.037) refers to the standard error 
of the regression coefficient (Robertson, 2008) and gives a 
measure of the amount of sampling e1rnr in the regression 
coefficient; that is, the standard deviation of the regression 
coefficient (McGraw-Hill, 2003; Siegel and Shim, 2005). 

The r2 value (0.786, fig. 8) gives the proportion of the 
total variation in normalized annual irrigation water-meter 
data explained by the regression. It is the square of the sample 
correlation coefficient, or the coefficient of detennination, 
commonly expressed as R2

, The coefficient of detem1ination 
indicates a strong correlation (0.887) between the estimates 
and actual measurements of itTigation water use. The coef­
ficient of determination gives the proportion of variabi li ty 
around the mean, as explained by the regression (in th is case 
78.6 percent; Montgomery and others, 2006). They-intercept 
of the best-fit line also is provided. The SE prediction term 
is defined as standard deviation (SD) x ( I - R2}°'5, where the 
SD corresponds to the actual data (graphed on the y-axis; 
Robertson, 2008). 

A variance map (fig. 9) illustrates the spatial distribution 
of estimation error inherent to the kriged values of annual 
water use calculated at locations on the estimation grid of 
8,547 points. These variances give a measure of the accuracy 
of the kriged estimates, which have been shown to be more 
accurate than estimates associated with the arithmetic mean. 
The kriged estimates differ substantially from the arithmetic 
mean, however, and are more consistent with the observed 
spatial variability than the variability of estimates derived 
from using arithmetic means (American Society of Civil 
Engineers Task Committee on Geostatistical Techniques in 
Geohydrology, 1990a). 

Developing a Revised Telemetery Network: 
Two Approaches using Kriging 

The plot of estimated and measured annually reported 
water-meter data derived from cross validation (fig. 8) 
provides a means of selecting sites for revising the telemetry 
network. Plotted values close to the regression line represent 
the most accurate estimates of normalized annually reported 
water use; the distribution of the plotted values in the basin 
can serve as potential sites for a revised telemetry network. 
The range of spatial correlation associated with the variogram 
model (fig. 6) that yielded these estimates, however, extended 
about 2,000 111 (about I .3 mi). 

A second approach to revising the telemetry network 
involves semivariogram analysis using the 200 most accurate 
water-use estimates derived from cross validation (fig. 8). 
The resulting variogram model (fig. I 0) indicated a spatial 
cotTelation distance (or range) of about 59,000 111 (about 
3 7 mi), or about 30 times the range associated with the 
variogram model originally developed using the entire dataset 
of annually repo1ied water-meter data (fig. 6). Values of the 
regression parameter (R2 = 0.997) and residual sum of squares 
(RSS = I .248E- 05) indicate an excellent fit of the variogram 
model to the annually reported water-meter data. 
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EXPLANATION 
Estimation variance, in inches squared 

0.379 0.177 

0.354 0.152 
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0.278 0.076 
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- · · -- Chattahoochee and 
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Figure 9. Variance map of estimation 
error for annually reported water use in the 
middle and lower Chattahoochee and Flint 
River basins for the 2007 growing season. 

Figure 10. Variogram model resulting 
from cross va lidation of an nually reported 
water-meter data from the middle and 
lower Chattahoochee and Flint River basins 
for the 2007 growing season . 
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Estimation-Variance Reduction and the 
Revised Telemetry Network 

The process that repeated the semivariogram develop­
ment, kriging, and cross validation of normalized annually 
reported water-meter data using the "best" 200 values from 
cross validation, as described in the previous section, extended 
the range of correlation of estimated water-use values to about 
37 mi, compared with the 1.3-mi range derived from applica­
tion of these geostatistical methods to the enti re set of annual 
water-meter data. Using the extended-range semivariogram 
model as a starting point to the development of the new telem­
etry network, a second semivariogram model was developed 
based on the best I 00 estimates of annual water use. 

Estimation-variance maps derived from semivariogram 
models using the best 200 values from cross-validation results­
that is, the values plotting closest to the regression line in 
figure 8- and from a second step of semivariogram develop­
ment, kriging, and cross validation using the best I 00 va lues 
provided graphical evidence of the reduction in estimation vari­
ance attained by the respective semivariogram models (fig. 11 ). 
Dark-red to dark-orange colors indicate relatively low estimation 
variance compared to medium-orange to yellow colors, which 
indicate relatively high estimation variance. Coalescence of the 
dark-red to dark-orange colors on the variance map for the best 
I 00 points (fig. 11 B) compared with the variance map for the 
best 200 points (fig. I IA) indicates a reduction of estimation 
variance within the distances separating estimation points. 

These plots demonstrate the utility of geostatistical methods in 
providing accurate, spatially correlated estimates of water-use in 
unmetered areas and in developing a telemetry network from the 
annually reported water-meter network that contains the spatial 
correlation structure of the annually reported water-meter data. 

The revised telemetry network for the middle and lower 
Chattahoochee and Flint River basins contains a subset of 
60 sites from the best l 00 points model (fig. 12). Design 
criteria considered during selection of the 60 sites included 
( I) number of sites requested by the Commission (60) for the 
revised network; (2) spatial distribution that avoids clustering 
and underrepresentation in the basin; and (3) spatial correla­
tion structure of the telemetry network derived from the 
structure of the annual ly reported water-meter network. 

Comparison of the current and revised telemetry networks 
in the middle and lower Chattahoochee and Flint River basins 
(figs. 12, 13) indicates a complete redesign of the current 
network, which has been operating since 2007; no current 
telemet1y network sites were retained in the revised telemetry 
network. Sites in the revised telemetry network are dispersed 
as unifo1111ly throughout the basin as the annually reported 
water-meter network would allow. The revised telemetry net­
work sites do not exhibit clustering, as occurred in the current 
te lemetry network distribution. Design of the current telemetry 
network followed an algorithm developed by Fanning and 
others (200 I) for estimating irrigation water use in southern 
Georgia and used a stratified random sampling of permitted 
irrigation sites, termed Benchmark Farms Study sites. 
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Figure 12. Revised telemetry network for daily water-use data collection and satellite transmission in the middle and 
lower Chattahoochee and Flint River basins. 
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Figure 13. Revised and 2007 telemetry networks for daily water-use data collection and satellite transmission in the 
middle and lower Chattahoochee and Flint River basins. 
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Interpolation of Unmetered Water Use by 
Conditional Simulation 

Despite the State's legislative mandate in 1-1857 1, which 
required metering of all irrigation systems, many unmetered 
systems still exist for which water-use estimates are needed. 
Conditional simulation involving the variogram model provided 
estimates of water use for these unmetered irrigation systems. 
Conditional simulation honors the values of the annually 
repo1ted water-meter data at each site and uses the spatial cor­
relation structure expressed in the variogram model to estimate 

N 
: ~ ~--' \ . 

values of water use in unmetered areas. Unlike kriging, which 
smooths out local variations in water use, conditional simula­
tion preserves the spatial complexity and heterogeneity of the 
water-use data within short distances (fig. 14). 

A method to obtain estimates of irrigation depth per acre 
for unmetered irrigated acres would involve associating the map 
showing estimates ofnom1alized annually i-epo1ted water-meter 
data (irrigation depth in inches, fig. 14) with maps showing 
unmetered irrigated acres. Knowing the acreage and estimated 
per-acre irrigation depth of each unmetered irrigated field provides 
a means of calculating annual irrigated water-use volume. 

EXPLANATION 

Estimated irrigation depth, in inches 

1.13 to 2.26 11.41to12.65 
2.27 to 3.48 12.66 to 13.88 
3.49 to 4.82 13.89 to 15.23 
4.83 to 6.22 15.24 to 16.79 
6.23 to 7.55 16.8 to 18.62 
7.56 to 8.81 18.63 to 20.9 
8.82 to 10.09 20.91 to 24.78 
10.1 to 11.4 

- · · - Chattahoochee and Flint River basins 

Figure 14. Conditional simulation of 
normalized annua lly reported water­
meter data in the middle and lower 
Chattahoochee and Flint River basins 
for the 2007 growing season. 
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Importance of Geospatial and Geostatistical 
Analysis to Agricultural and Water Management 
in Georgia and the Nation 

Geospatial and geostatistical analysis provides an 
enhanced understanding of the spatial relations among water­
meter locations and estimated water use. A revised telemetty 
network enables more accurate detern1inations of annual and 
seasonal water wi thdrawals than are available with the current 
telemetry network. The following attributes and applications 
of the revised telemetry network demonstrate its value for 
agricultural and water management in Georgia: 

• Provides the Commission and agricultural community 
with data on growing season irrigation rates in near 
real time. Such information can be used for agricultural 
management of water resources and for implementing 
a lternative water-management strategies in near real 
time in the basin. 

• Provides a water-use stress component to aid resource 
managers with decisions to implement the Flint River 
Drought Protection Act (FRDPA; Georgia General 
Assembly, 2000). Provisions of the FRDPA state that 
the director of the Georgia "Environmental Protection 
Division of the Department of Natural Resources shall 
each year predict whether drought conditions are likely 
in the Flint River basin; to provide for an irrigation 
reduction auction; to provide that certain persons 
holding water withdrawal permits may offer to cease 
irrigating a number of acres in exchange for a certain 
sum of money; to provide for the acceptance of bids; to 
provide for an order requiring certain permit holders to 
cease or reduce irrigation ... . " In support of provisions 
to the FRDPA, the revised telemetry network could 
assist in identifying streamflow sensitivity to agricul­
tural pumping. Maps showing such sensitivity could 
provide an objective, hydrologic basis for accepting 
auction bids that minimize acreage removed and 
groundwater-level decl ine (drawdown) while maximiz­
ing streamflow and cost savings in auction awards. 

• Uses correlation structure of the telemetry network to 
estimate growing season pumping rates at annually 
reported water-meter s ites from which the revised 
telemetry network was derived. These calculations 
could validate irrigation projections for future years 
duri11g the growing seasons that the irrigation data 
are collected. 

• Ass ists soil and crop scientists with defining 
water-use patterns related to soil type, moisture 
retention, and cropping. 

• Provides an unprecedented collection of real-time, 
spatially correlated water-use data that can be 
leveraged for future research endeavors related to 

climate change and developing causal relations 
between irrigation, climate, so il type, water 
availability, and soil moisture. 

• Provides a tool for assessing agricultural and 
resource potential for various crop choices that 
enhance agricultural production and improve the 
State's energy, water, and financial resources. 

The Federal interest in evaluating the Nation's water 
resources and the potential for water-resources development 
by agriculture and other entities could be served at local and 
regional scales nationwide through cooperative programs of 
comprehensive water-use monitoring and geospatial analysis 
such as described herein. The near-total coverage of irrigation 
systems monitored with water meters in southern Georgia and 
the methods and analyses presented herein have nationwide 
application to agricultural communities in need of assessing 
water use and identifying cause-and-effect relations between 
agricultural water-use stress and hydrologic-system response. 
Although possible to apply the methods described to other 
agricultural settings across the Nation, the success of such 
application would be limited only by the ability of those 
agricultural settings to provide a representative water-use 
monitoring network as provided by the Commission through 
the Georgia Agricultural Water Conservation and Metering 
Program. A lack of comprehensive water-use-data collection 
and managing infrastructure limits the usefulness and benefits 
of geospatial analysis in areas where agricultural water-use 
data are relatively sparse. 

Ongoing and Planned Data Analysis 

Ongoing and planned analysis of metered and telemetered 
agricultural-irrigat ion data include application of geostatistical 
techniques to relate water use to crop patterns, groundwater 
and surface-water availability, soil moisture, and rainfa ll 
variation in the middle and lower Chattahoochee and Flint 
River basins. Other applications of geostatistical techniques 
could enable estimation of growing season pumping rates at 
the annually reported water-meter sites. 

An interactive, on-line accessible map of the m iddle and 
lower Chattahoochee and Fl int River basins is planned to 
show a compilation of water-meter data by counties and sub­
basins and to provide estimates of growing season pumping 
rates at unmetered and metered agricultural locations derived 
from geostatistical modeling. This map is intended to provide 
scientifically based infom1ation on agricultural water use that 
can be used as a tool for assessing how climate, crop patterns, 
and soil moisture affect growing season pumping rates; such 
a tool is essential for inform ing farmers and water managers 
about water use, crop selection, and the effects of cl imate and 
pumpage change on groundwater and surface-water resources. 

The effectiveness oftelemetiy networks in the coastal 
region and central-south Georgia (figs. IC and ID, respec­
tively) could be evaluated by applying a regimen of geospatial 
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analysis lo annually reported and telemetered water-use data 
in a manner similar to that applied to water-use data in the 
middle and lower Chattahoochee and Flint River basins. 
Conditional simulation using a geostatistical process similar to 
that described herein could identify gaps and redundancies in 
the telemetry network that could be rectified through elimina­
tion of some sites and deployment of others elsewhere in the 
basins to reduce estimation variance and improve estimates of 
growing season pumping rates. 

Summary and Conclusions 

The following conclusions address previously stated 
objectives of the U.S. Geological Survey investigation of 
irrigation data collected by the Georgia Soi l and Water 
Conservation Commission in accordance with and support of 
the Agricultural Water Conservation and Metering Program. 
Sludy objectives are listed below in italics and precede each 
corresponding conclusion. 

Develop a quality-assurance program to ensure complete­
ness and intemal consistency of water-meter data. A quali ty­
assurance program consisting of geospatial and non-geospatial 
statistical methods proved invaluable in verifying the accuracy 
of metered water-use values and the integrity of the water 
meter itself to accurately record irrigation water use. Without 
these statistical evaluations, inconsistencies in reporting irriga­
tion water use would have gone unnoticed and (or) confounded 
summary statistics of metered water use. Roi I back detected 
at zero-irrigation water-use sites demonstrated the potential to 
cause up to a 40-percent overestimation of metered, annually 
repo11ed, irrigation water use. Zero-value meter readings 
(without roll back) affected annual water-use calculations by 
only a few percent, and roll forward had a negligible effect 
on water-use calculations. Cluster and outlier analyses, and 
hotspot analysis, enabled identification of sites containing 
potential metering e1Tor and of locations where the telemetry 
network misrepresented the annually reported meter data. 

Calculate descriptive statistics of aggregated water-use 
data. Calculation of mean water-use volumes for the annually 
repo11ed and tele111et1y meter networks indicated consistent 
underrepresentation of the mean by the telemetty network 

data, despite t-tests that indicated the annually reported 
and telemetry network data represent valid samples from 
the same population of irrigation systems in the study area. 
Nom,al ization of metered water-use data effectively removed 
the telemetry network bias that resulted in the telemetry data 
reporting less irrigation water use than reported with the annu­
ally reported meter data. Factoring out irrigated acres from the 
metered-volume data allowed water use to be expressed as an 
irrigation depth and allowed combining meter data from both 
networks (annually reported and telemetry) and water sources 
(groundwater and surface water) for analysis. 

Evaluate the potential to relate daily water-use tele111et1y 
(telemetered data) to annually reported water-use data 
through a descriptive statistical 111odel. Descriptive statistics 
of metered water use indicate a high potential to relate annu­
ally reported water-use data to telemetered data, which had 
been summed to represent annual irrigation volumes. T-tests 
validated each metering network as representative samples 
of the entire population of irrigation systems. Geostatistical 
analyses strengthened the relation between annually reported 
and telemetered irrigation water-use data by yielding a 
spatially correlated model of annually reported metering data 
from which a revised telemetry network was derived. The 
revised telemetry network, in tum, could be used to define 
growing season irrigation depths at locations of annually 
reported water meters. 

ldent/fy spatial and temporal distributions of 
agricultural- irrigalio11 p11111page. Geospatial methods of 
cluster and outlier analysis, and hot-spot analysis, identi fied a 
northwest-to-southeast trend of low-to-high metered irrigation 
volumes that could signify relations of iJTigation volume to 
water availability, cl imatic variability, soil-type variation, 
and cropping patterns. Geostatistical analyses identified 
a strong spatial-correlation strncture within the annually 
reported water-meter data that could be used to estimate 
irrigation water use at unmelered agricul tural sites. Cross 
validation and condi tional simulation with the geostatistical 
model demonstrated the robustness of the method to estimate 
annual iJTigation water use with minimal estimation e1Tor. A 
revised telemetry network based on the geostatistical model 
of the annually reported water-meter data provided the basis 
for estimating irrigation depths during the growing season at 
metered and unmetered iJTigation sites. 
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Space-Age _ _(; .Jl .• '.~•'ic_/5 .~-lfZrt:r;,:;.:. ,.., 
Technology for 
Down-to-Earth Irrigation Metering 

within a region, such as a subbasln or county. 

The Georgia Soll and Water Conservation Commission 

has equipped 198 meter locations statewide with 

satellite data transmitting (telemetry) capability (see 

photo to left). Irrigation water use and precipitation 

data are communicated by satelllte twice dally from 

each telemetered site and are reported to GSWCC via 

Internet. The telemetered data help farmers track daily, 

monthly, and seasonal patterns of Irrigation, and enable 

GSWCC, farmers, and water managers to assess water 

use in near real time. By comparison, the more 

numerous, annually read meters provide an 

understanding of irrigation patterns and variability 

A comparison of average water use at telemetered sites to the average obtal ned from the annually read 

meters In the middle and lower Chattahoochee-Flint River basin Indicates that the telemetry represents 

Irrigation water use quite well (see bar graph, top of opposite page to right). Twice-dally telemetry and 

annually read meters each serve their purpose In providing vital field-to-field Information about near real-time 

and seasonal Irrigation practices. 
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, s~~tlstlcal ana1~1s •- lY-:!,~-_· m~er ~ata In t~e\ , . 
· middle and lower-•·~Ctiattahoochee-Fhnt River basin . • 

indicates a distinct g~phic ~attem ~ :Jnci;e~ d . 

Irrigation from low volume In the northwe 'em parts' 

of the basin (blue and yellow dots on maps below, 

from Torak and Painter, 2011), to high volume (red 

dots) In the southeast. Although Irrigation by surface 

water (streams) follows this northwest-to-southeast 

increasing usage pattern, about halfway throulb..the 

basin In this direction, surface-water sources-are 

almost completely replaced by groundwater (wells 

and well-to-pond systems). Most likely, this Is because 

wells can be installed to tap the reliable and highly 

productive Upper Floridan aquifer conveniently where 

needed-at the field-Instead of laying pipe to pump 

water from the nearest stream, which also might 

contain little or no flow during severe drought 

conditions. 

On the Horizon for the Metering Program 
Continued research and analysis Into 

the patterns and distribution of 

Irrigation water use derived from the 

meter data will provide farmers and 

water managers with an important 

tool to assess Georgia's future water 

needs. Anticipated results will 

Improve the representative nature of 

the telemetry network, report on 

analyses of meter data for other 

agricultural regions In Georgia (in 

addition to the middle and lower 

Chattahoochee-Flint River basin), and 

Identify relations between metered 

water use and variations In crop and 

soil type, local rainfall, and water 

availability. 
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For information, contact: 

Brent Dykes, Executive Director 

Georgia Soil and Water Conservation Commission 

4310 Lexington Road 

P .0. Box 8024 

Athens, Georgia 30603 

Phone: (706) 552-4470 

Fax: (706) 552-4486 

Cell: (478) 456-0803 

Antonio M. Fleming, Technical Services Manager 

Georgia Soil and Water Conservation Commission 

Hooks-Hanner Environmental Resource Center 

4344 Albany Highway 

Dawson, Georgia 39842 

Phone: (229) 995-6001 

Fax: (229} 995-5605 

Cell: (229) 854-2832 

This agricultural-community oriented document was prepared by Lynn J. Torak, Hydrologist, and Jaime A. Painter, Geographer, U.S. Geological Survey, 

Georgia Water Science Center, 1770 Corporate Drive, Suite 500, Norcross, Georgia 30093 

Phone: (678) 924-6694 Fax: (678) 924-6710 http://ga.water.usgs.gov 
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~cswcc Georgia Soil and Water Conservation Commission 

Home » Agricultural Conservation Programs » Metering Program 

Metering Program 
All agricultural irrigation wells and pumps permitted by the Georgia Department 

of Natural Resources' Environmental Protection Division (GAEPD) must have a 

measurement device installed, with the Georgia Soil and Water Conservation 

Commission (GSWCC) having oversight of the program. Since 2003, over 

11,000 meters have been installed to monitor agricultural water usage in 

Georgia. 

This irrigation metering program includes installation, inspection and 

maintenance of meters; as well as regularly collecting data from meters 

installed on irrigation systems in Georgia. 

These data assist policy makers in better understanding agricultural water use 

in the state and help agricultural producers improve efficiency in their use of 

water resources. 

Update on Current Status 

GSWCC collects water usage data from the metered sites between October and 

January. Permit holders will be mailed a yearly report showing their water-use 

recorded by each meter. It is anticipated that annual usage letters will be sent 

to agricultural producers in March. 

Information on the 2012 Georgia Agricultural Water Conservation and Metering 

Program is available on the USGS website . 

Individual permit water use data are not released to the public. 

Field staff continues to perform inspections and maintenance on meters, as well 

as rebuilding meters as needed. 

http://gaswcc.georgia.gov/metering-program 
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The Metering Program is also doing community outreach to educate citizens on 

water issu_es and the metering program. 

Background 

Under state law HB 579, GSWCC conducts an Agricultural Water Use 

Measurement Program. HB 579 states that the Commission "shall on behalf of 

the State purchase, instal l, operate, and maintain water-measuring devices ... ," 

where 'operate' is defined to include "reading the water-measuring device, 

compiling data, and reporting findings." Data collected contribute to the sound­
science initiative. 

Example of propeller-style meter 

Most irrigation occurs in a six-month period between April 1 and October 1. For 

total water-use during that period, most meters need only to be read at the 

completion of the growing season. However, there is interest in water-use 

during critical periods of low stream flow, such as in August and September. 

Reading of all meters only after the growing season would miss those critical 

low-flow periods. Thus, a one percent sample of meters is read on a monthly 
basis. 

The Commission also conducts a series of information sessions for irrigation 

water managers at the county and watershed level as well as for the genera l 

public so that they have a better understanding of the metering program. 

Contacts 

For questions about the GSWCC Metering Program, contact Antonio Fleming at 

(229) 995-6001 or email at afleming@gaswcc.org . 

http://gaswcc.georgia.gov/metering-program 11/9/2015 
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Information on Agricultural Water Withdrawal Permitting is available by 

contacting the Georgia EPD's Agricultural Permitting Unit at (229) 391-2400. 

Related Files 

Attachment Size 

I] Help Us Help You With Your Irrigation Water Meter (PDF) 773.3 KB 

gj Outstanding In Field (PDF) 1.11 MB 

[J water-metering-map.jpg 93.15 KB 

Q) GA Ag Water Metering Program Brochure.pdf 2.36 MB 

lJ Ag Meter Photo.docx 97.11 KB 

Georgia Soil and Water Conservation Commission I Site Map I Accessibility I Privacy/Security 

AT YOUR SERVICE 
GeorqiaGov 
Agencies 
Cities & Counties 
Popular Topics 

ELECTED OFFICIALS 
Governor 
More Officials » 

NEED HELP? 
1-800-436-7442 
Georgia Call Center 
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•Performed 2012 – 2015
•Funded via HCP grant, 
GSWCC and EPD contracts
•Detailed assessment of 
wetted acreage covering 
100% of the Capacity, 
Restricted and “Priority” 
HUC 12 watersheds and all 
SW withdrawals in Spring, 
Ichaway and Lower Flint.
•Data presented today will 
focus mainly on center 
pivots but comprehensive 
data for all systems was 
collected.
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Georgia Department of Natural Resources 
2 Martin Luther King Jr, Dr., S.E., Suite 1152 East, Atlanta, Georgia 30334-9000 

Mark Williams, Commissioner 
Judson H. Turner, Director 

Environmental Protection Division 
404/656-4 713 

FAX: 404/651-5778 

Announcement 

To: Interested Parties 

From: Judson H, 

Date: July 30, 2012 

Re: Suspension of Consideration of Agricultural Withdrawal Permits in portions of the Lower 
Flint and Chattahoochee River Basins 

As of this date, I am suspending consideration of applications for agricultural water withdrawal 
permits in portions of Southwest Georgia. The suspension will affect the following: 

• Appiications for new permits for withdrawals from the Floridan aquifei 0i from surface 
waters in the area known as Subarea 4, where surface water and groundwater are 
closely interconnected; 

• Applications for permit modifications that would increase pump capacity or irrigated 
acreage associated with withdrawals from the Floridan aquifer or surface waters in 
Subarea 4; 

• Applications for new permits to withdraw surface waters in the Spring Creek, 
lchawaynochaway Creek, and Kinchafoonee-Muckalee Creek sub-basins in the Flint 
River basin; and 

• Applications for permit modifications that would increase pump capacity or irrigated 
acreage associated with withdrawals of surface water in the Spring Creek, 
lchawaynochaway Creek, and Kinchafoonee-Muckalee Creek sub-basins in the Flint 
River basin. 

A map of the area affected by the suspension is attached. For more information on specific 
locations affected by the suspension, contact the Agricultural Permitting Unit in Tifton at 229-
391-2400. 

Permitting in other parts of the Flint and Chattahoochee River Basins will continue to be 
conducted following applicable rules and guidance, including the 2006 Flint River Basin Plan 
and the 2011 Regional Water Plans. 

The suspension does not apply to applications already received as of this date. All applications 
for withdrawals in the affected area received on or before today will be processed following 
applicable permitting procedures. 

I am taking this action under the authority provided by the statutes that regulate water 
withdrawal permitting in Georgia (O.C.G.A. §§12-5-31, 12-5-96, and 12-5-97). 

The water resources affected by the suspension are significant sources of water for irrigation. A 
continued increase in withdrawals from these resources may ultimately lead to unacceptable 
impacts to existing users or compromise the sustainable capacities of these resources. 
Suspending consideration of permit applications in this area will allow time to update the tools 
used to assess the condition of water resources in the region and evaluate the impacts of 
increased water use. 

GA00043929 



The suspension will be re-evaluated annually starting in November 2013. Lifting of the 
suspension will be dependent on progress in updating of assessment tools and evaluation of the 
condition of the affected water resources. 

I recommend that applications for withdrawals not be filed while the suspension is in effect. A 
$250 application fee is required for each withdrawal application in the Flint River Basin and 
those funds cannot be held during the suspension. In addition, the assessment process may 
well result in changes to the permit application. Consequently, it would be best to wait to file 
any applications far withdrawals in the affected area until the suspension is lifted. 

N 

A 
dbetts 7126/2012 

c:::J Subarea4 

- Lake Seminole 
c::::J Counties 
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- SW Suspended 
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Senate Bill 213 

By: Senators Tolleson of the 20th, Sims of the 12th, Burke of the I Ith, Hill of the 4th, 

Chance of the 16th and others 

A BILL TO BE ENTITLED 

AN ACT 

AS PASSED 

To amend Article 9 of Chapter 5 of Title 12 of the Official Code of Georgia Annotated, the 

2 "Flint River Drought Protection Act," so as to clarify legislative intent; to revise definitions; 

3 to expand programs; to provide for additional powers of the director; to provide for new 

4 irrigation efficiency requirements; to provide for participation in augmented flow programs; 

5 to clarify compliance and enforcement provisions; to provide for related m.atters; to repeal 

6 conflicting laws; and for other purposes. 

7 BE IT ENACTED BY THE GENERAL ASSEMBLY OF GEORGIA: 

8 SECTION I. 

9 Article 9 of Chapter 5 of Title 12 of the Official Code of Georgia Annotated, the "Flint River 

10 Drought Protection Act," is amended by revising subsection (b) of Code Section 12-5-541 , 

11 relating to legislative intent, as follows: 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

"(b) The General Assembly finds that the use of water resources for the state for 

agricultural purposes is of vital importance to Georgia and southwest Georgia in particular; 

the protection of flows in the Flint River flow and its tributaries is necessary for a healthy 

riverine ecosystem and a healthy population of aquatic life; the use of water resources 

during drought conditions may interfere with public and private rights; the economic 

well-be ing of the State of Georgia is dependent on a strong and efficient agricultural 

industry; the wise use of water, the protection of stream flow flows, and the economic 

well-being of the state will be furthered by proper water allocation in periods of drought; 

and a p1 og1 am p1 o, iding programs to augment stream flows or provide incentives to ensure 

that certain irrigated lands are temporarily not irrigated during severe droughts will 

promote the wise use of water resources, and the protection of stream flows for habitat 

critical for aguatic life. and the economic well-being of the state." 

S. B. 213 
- I -
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24 SECTION 2. 

25 Said article is further amended by revising Code Section 12-5-542, relating to definitions 

26 relative to Flint River drought protection, as follows: 

27 "I 2-5-542. 

28 As used in this article, except where otherwise specifically provjded, the term: 

29 (I) 'Acceptable Flint River basin stream fl-ow' flows' means the quantity of stream flows 

30 at one or more specific locations on the Flint River or its tributaries which provides for 

31 aquatic life protection and other needs as established by the director, based on municipal, 

32 agricultural, industrial, and environmental needs. Such tributaries shall not include field 

33 

34 

35 

36 

37 

38 

39 

40 

drainage systems, wet weather ditches, or any other water body: 

(A) In which the channel is located above the ~round-water table year round: 

(B) For which runoff from precipitation is the primaiy source of water flow: and 

(C) For which ground water is not a source of water flow. 

(2) 'Affected area ~• means tha1 poi tion those specific portions of the state lying 

within the Flint River basin aud a,eas where ground-water use from the Floridan aquifer 

can affect the flow in the Fliut Ri ve1 01 its It ibuta, ies stream flow or whe_re drainage into 

Sprjng Creek, Ichawaynochaway Creek. Kinchafoonee Creek. and Muckalee Creek 

41 Q££lli. 

42 (2.1) 'Augmentation' means the addition of ground water from one or more aquifers 

43 underlying the affected areas into a surface water channel within the affected areas for 

44 the purpose of maintaining instream flows. 

45 (3) 'Authority' means the Georgia Environmental Finance Authority created by Chapter 

46 23 of Title 50. 

47 (4) 'Board' means the Board of Natural Resources. 

48 

49 

50 

5 1 

-t 52 

L 53 

54 

55 

56 

57 

(5) 'Director' means the director of the Environmental Protection Division of the 

Department of Natural Resources. 

(6) 'Division' means the Environmental Protection Division of the Department ofNatural 

Resources. 

(7) 'Drought conditions' means any condition which results in a stream flow that is lower 

than the acceptable Flint River basin stream flow flows. 

(8) 'Drought protection funds' means the funds held by the authority as provided in Code 

Section 12-5-545 for the accomplishment of the purposes of this article. 

(9) 'Flint River basin' means the area of land which drains into the Flint River or its 

tributaries. 

58 (10) 'Floridan aquifer' means those rocks and sed iments described in United States 

59 Geological Survey Open-File Report 95-321 (1996) that are capable of yielding ground 

60 water to wells or discharging water into the Flint River or its tributaries. 

Confidential - S. Ct 142 
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( 11) 'Irrigated land' means farm land which is irrigated by ground water or surface water 

pursuant to a water withdrawal permit issued by the director pursuant to Code Section 

12-5-31 or 12-5-96. 

(1 J, 1} 'Irrigation efficiency' means the percentage of the total amount of water 

withdrawn from a source which is beneficially used to meet crop water requirements or 

for other agronomic practjces in accordance with applicable best management practices. 

(12) 'Irrigation reduction auction' means the procedure established by subsection (b) of 

Code Section 12-5-546 pursuant to which permittees submit offers to cease irrigation of 

a specified number of acres in exchange for a certain sum of money. 

( 13) 'Permittee' means a person holding a valid permit issued before December I, 2000, 

pursuant to Code Section 12-5-31 or 12-5-96. 

(14) 'Stream flow' means the quantity of water passing a given location of the Flint River 

or its tributaries over a given time period expressed in cubic feet per second." 

SECTION 3. 

75 Said article is further amended in Code Section 12-5-544, relating to powers of the director 

76 of the Environmental Protection Division, by revising paragraph (2) and adding a new 

77 paragraph to read as follows: 

78 "(2) Establish acceptable Flint River basin stream flows at one or more locations;" 

79 "(9.1) Conduct and participate i'n studies related to management of the water resources 

80 in the Flint River basin:" 

81 SECTION 4. 

82 Said article is further amended in Code Section 12-5-546, relating to drought predictions and 

83 irrigation reduction auction, by revising subsections (a), (b), and (e) as follows: 

84 

85 

86 

87 

"(a) On or before March I of each year, the division wiH may issue a prediction as to 

whether severe drought conditions are expected during the year. If the division predicts 

a severe drought during any particular year. it shall issue such prediction before March 1 

88 mathematjcal, or meteorological information, including, but not limited to, stream flows, 

89 round-water levels and also be based on 

90 scientific analyses, including. but not limited to, the Palmer Drought Severity Index 

91 

92 

administered by the National Oceanographic and Atmospheric Administration. 

(b) If severe drought conditions are predicted or otherwise declared in accordance with 

93 subsection (a) of this Code section, the division will may determine the total number of 

94 acres of irrigated land, serviced by irrigation systems located within one or more of the 

95 affected areas, that must not be irrigated that year in order to maintain the acceptable Flint 

Confidential - S. Ct. 142 
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96 River basin stream flow flows. Upon such determination, the division smrlt may conduct 

97 an irrigation reduction auction whereby a permittee ofan irrigation system located within 

98 the affected areas is given an opportunity to enter into an agreement with the div ision, 

99 agreeing that in exchange for a certain sum of money per acre of irrigated land serviced by 

I 00 the irrigation system, the perrnittee will not irrigate those particular acres for the remainder 

101 of that calendar year. The authority shall pay the sum so agreed upon when so directed by 

I 02 the director from the unexpended balance of the drought protection funds. In conducting 

103 the irrigation reduction auction, the division may establish a maximum dollar amount per 

I 04 acre to be expended from the drought protection funds for such purposes.' 

I 05 '(e) The expenditure of funds under this article as an incentive to perrnittees not to irrigate 

I 06 lands is deemed by the legislature as a valid use of state moneys to promote valid land use 

I 07 policies that result in the protection of the riverine environment by ensuring that such lands 

108 not be irrigated for specified periods of time. No expenditure of funds under this article 

I 09 shall be considered full or partial compensation for any losses, financial or otherwise. 

110 experienced due to non irrigation: a lease or repurchase of any irrigation permit issued by 

111 the directo,, 11u1 shall it be conside,ed...QI an acknowledgment by the State of Georgia of 

112 a property right in any permit issued by the director." 

113 SECTION 5. 

114 Said article is further amended by adding new Code sections to read as follows: 

115 "12-5-546.1. 

116 (a) The Department of Agriculture and the State Soil and Water Conservation Commission 

117 shall coordinate with the division in examining current practices. programs. policies. rules. 

118 and regulations to identify opportunities to enhance programming and incentives that will: 

119 (I) Support implementation of the agricultural water efficiency measures in water 

120 conservation or management plans prepared in accordance with Code Sections 12-5-31, 

121 12-5-96, and 12-5-522: 

122 (2) Support implementation of pilot projects demonstrating the efficacy of emerging 

123 innovative irrigation technologies where appropriate and affordable; 

124 (3) Identify ways the State Soil and Water Conservation Commission's program for 

125 measuring agricultural uses of water as authorized under Code Section 12-5-105 can 

126 further enhance efforts to improve agricultural water use efficiency: and 

.127 (4) Encourage a scheduled program for the voluntary retirement ofunused surface-water 

128 and ground-water farm use permits in accordance with Code Sections 12-5-31 and 

129 12-5-105. 

130 (b) The director may modify all active surface-water and ground-water withdrawal perrnits 

131 for farm use in the affected areas to require all irrigation systems applyine water withdrawn 

Confidential - S. Ct. 142 

S. B. 213 
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132 pursuant to such permits to achieve irrigation efficiencies of 80 percent or greater by the 

133 year 2020. The schedule for achieving the irrigation efficiencies provided in this 

134 subsection shall be as follows: 

135 (I) Irrjgation systems applying water withdrawn pursuant to all active permits issued 

136 after 2005 shall achieve a minimum irrigation efficiency of 80 percent by January I, 

137 2lli..;_ 

I 38 (2) Irrigation systems applying water withdrawn pursuant to all active permits issued 

139 from 1991 through 2005 shall achieve a minimum irrigation efficiency of 80 percent by 

140 Januaryl,2018;and 

141 (3) Irrigation systems applying water withdrawn pursuant to all active permits issued 

142 before 1991 shall achieve a minimum irrigation efficiency of 80 percent by January 1. 

143 2020. 

144 (c) Notwithstanding subsection (b) of this Code section. the director may modizy specified 

145 active surface-water and ground-water withdrawal permits for farm use in the affected 

146 areas to reguire all mobjle irrigation systems and solid-set irrigation sprinklers operating 

147 under such permits to achieve irrigation efficiencies of 60 percent or greater by the year 

148 2020. The schedule for achieving such efficiencies shall be as follows: 

149 ()) Irrigation systems applying water withdrawn pursuant to all active permits issued 

150 after 2005 shall achieve a minimum irrigation efficiency of 60 percent by January I. 

151 2016: 

152 (2) Irrigation systems applying water withdrawn pursuant to all active permits issued 

153 from I 991 through 2005 shall achieve a minimum irrigation efficiency of 60 percent by 

154 January 1, 2018: and 

155 (3) Irrigation systems applying water withdrawn pursuant to all active permits issued 

156 before 1991 shall achieve a minimum irrigation efficiency of 60 percent by January 1. 

157 2020. 

158 (d) Notwithstanding the irrigation efficiency rates required in subsection (c) of this Code 

159 section or any other provision of this Code section to the contrary. the minimum irrigation 

160 efficiency rate for mobile irrigation systems and solid-set irrigation sprinklers applying 

161 water withdrawn pursuant to new perm its shall be 60 percent. 

162 (e) When issuing any permit application for a new surface-water or ground-water 

163 withdrawal for farm use in the affected areas. the division shall require that the irrigation 

164 system applying water withdrawn pursuant to any such permit has an irrigation efficiem,y 

165 of at least 80 percent. 

166 CD The division shal I. in cooperation with other state and federal agencies, universjtjes. the 

167 Georgia Water Planning and Policy Center, the Lower Flint-Ochtockonee Regional Water 

168 Council. and other appropriate entities, provide to the board for consideration for adoption 

Confidential - S. Ct. 142 
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pursuant to such permits to achieve irrigation efficiencies of 80 percent or greater by the 

year 2020. The schedule for achieving the irrigation efficiencies provided in thjs 

subsection shall be as follows: 

0} Irrigation systems applying water withdrawn pursuant to all active permits issued 

after 2005 shall achieve a minimum irrigation efficiency of 80 percent by Januar:y I. 

2016: 

(2) Irrigation systems applying water withdrawn pursuant to all active permits issued 

from 1991 through 2005 shall achieve a minimum irrigation efficiency of 80 percent by 

January I, 2018; and 

(3) Irrigation systems applying water withdrawn pursuant to all active permits issued 

before 1991 shall achieve a minimum irrifiation efficiency of 80 percent by January I, 

2020. 

{c) Notwithstanding subsection (b) of this Code section. the director may modi1y specified 

active surface-water and liround-water withdrawal permits for farm use in the affected 

areas to reguire all mobile irrigation systems and solid-set irrigation sprinklers operatjng 

under such permits to achieve irrigation efficiencies of 60 percent or fireater by the year 

2020. The schedule for achieving such efficiencjes shall be as follows: 

(I) Irrigation systems applying water withdrawn pursuant to al) active permits issued 

after 2005 shall achieve a minimum irrigation efficiency of 60 percent by Januar:y j, 

2016: 

{2) Irrigation systems applying water withdrawn pursuant to all active permits issued 

from 1991 throufih 2005 shall achieve a minimum irrigation efficiency of 60 percent by 

Januar:y I, 2018; and 

(3) lrrifiatjon systems applying water withdrawn pursuant to all active permits issued 

before 1991 shall achieve a minimum irriliation efficiency of 60 percent by January I. 

2020. 

{d) Notwithstanding the irrigation efficiency rates reguired in subsection (c) of this Code 

section or any other provision of this Code section to the contrar:y, the minimum irrigation 

efficiency rate for mobile irrigation systems and solid-set irrigation sprinklers applying 

161 water withdrawn pursuant to new permits sha ll be 60 percent. 

162 (e) When issuing any permit application for a new surface-water or ground-water 

163 withdrawal for farm use in the affected areas. the division shall require that the irrigation 

164 

165 

system applying water withdrawn pursuant to any such permit has an irrigation efficiency 

of at least so percent. 

166 (fl The division shall. in cooperation with other state and federal agencies, universities. the 

167 Georfiia Water Planning and Policy Center, the Lower Flint-Ochlockonee Regional Water 

168 Council, and other appropriate entities. provide to the board for consideration for adoption 
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in its rules licant ma utilize de onstrate that 

r uired irri ation efficienc has b Re uirements shall consider curr t 

technologies. best manafiement practices, and the effects of soil type and topography, 

among other factors deemed necessary. 

(g} The division shall coordinate with any federal or state agencies offering incentive 

programs that support the purposes of this article, to identify opportunities to refine and 

target relevant programs as practicable and to assist permittees with achieving irrigation 

efficiency requirements. 

12-5-546.2. 

(a} As used in this Code section, 'permittee' means any person holding a valid pennit 

issued pursuant to Code Section 12-5-31 which provides for the withdrawal of surface 

tate funded 

a 

minimum stream flows sufficient to protect habitat critical for vulnerable aquatic life 

ithin the affected areas. The director m ecified downstream ennittees hat 

during specified periods of the project's operation for the sole purpose of maintaining such 

minimum stream flows, the permittee shall let the flow provided by the augmentation 

project pass his or her point of withdrawal. When specifying those pennittees subject to 

such notification. the director shall also establish. in accordance with the factors that may 

be considered under paragraph (e) of this Code section. those permittees that shall not be 

subject to the requirements of this Code section. 
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(c) Such notification shall be provided in accordance with rules promulfiated by the board I\ •lit.A. M ~Ahr"' 
ofnatural resources, shall be based on the best available science, and shall, at a minimum, rc,'l'fftt..u, • · · 

inform the permittees that the upstream project is delivering augmented flows for the sole 

purpose of maintaining the minimum stream flows sufficient to protect habitat critical for 
'.;i 

vulnerable aguatic life within the affected areas. '':t ~ 

(d) The director's notification shall contain notice of opportunity for a hearing and shall ""t, s'-,lt c~ ~ ~ t 
be served by certified mail, return receipt requested. to the most recent address provided 

by the pennittee. Any permittee to whom such notification is directed shall comply 

therewith immediately, but shall be afforded a hearing within five business days of the 

director's receipt of a petition filed by such permittee. Such hearing shall be before an 

admjnistratjve law judge of the Office of State Administrative Hearines and shall be 

conducted in accordance with subsection (c) of Code Section 12-2-2. Based upon findings 

adduced at such hearing. the notification shall be modified. reversed. or continued by the 

director. 
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206 

207 

208 

209 

2IO 

211 

(e) In preparing such notification, the director may consider: 

(I) The best available modeling and monitoring data for relevant locations and stream 

reaches: 

{2} The appropriate duration of protection of augmented flows; 

(3} The distance downstream for which protection of augmented flows is appropriate: 

(4) The degree to which protection of augmented flows will assist jn roiti!mting the 

effects of droughts, provide ecological or other environmental benefits, and ensure 

212 sustainable, long-term access to water resources for existing and future water users: and 

213 (5) Any other data or information the director deems relevant. 

214 (f) Nothing jn thjs Code section shall provide authority for the interbasin transfer of any 

215 water." 

216 SECTION 6. 

217 Said article is further amended by revising Code Section 12-5-549, relating to compliance 

218 and violations, as follows: 

219 "12-5-549. 

220 (a) Except as may otherwise be provided in Code Sectio11 12:-5-547 this article, whenever 

221 the director has reason to believe that a violation of any provision of this article or any rule 

222 or regulation adopted pursuant to this article has occurred, he or she shall attempt to obtain 

223 compliance therewith by conference, conciliation, or persuasion, if the making of such an 

224 attempt is appropriate under the circumstances. lfhe or she fails to obtain compliance in 

225 this manner, the director may order the violator to take whatever corrective action the 

226 director deems necessary in order to obtain such compliance within a period of time to be 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

prescribed in such order. 

(b) Except as may otherwise be provided in Code Section 12:-5-547 this article, any order 

issued by the director under this article shall become final unless the person or persons 

named therein file with the director a written request for a hearing within 30 days after such 

order or permit is served on such person or persons. 

(c) Except as may otherwise be provided in Code Section 12:•5 547 this article, hearings 

on contested matters and judicial review of final orders and other enforcement actions 

under this article shall be provided and conducted in accordance with subsection (c) of 

Code Section 12-2-2. 

( d) The director may file in the superior court of the county wherein the person under order 

resides, or if the person is a corporation, in the county wherein the corporation maintains 

its principal place of business, or in the county wherein the violation occurred or in which 

jurisdiction is appropriate, a certified copy of a final order of the director unappealed from 

240 or a final order of the director affirmed upon appeal, whereupon the court shall render 
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241 judgment in accordance therewith and notify the parties. Such judgment shall have the 

242 same effect, and all proceedings in relation thereto shall thereafter be the same, as though 

243 the judgment had been rendered in an action duly heard and determined by such court. 

244 (e) For purposes of this Code section, a violation of an agreement entered into in 

245 accordance with Code Section 12-5-546 or an order issued by the director in accordance 

246 with Code Section 12-5-547 shall be prima facie established upon a showing that: 

247 (I) During the effective period of the agreement or order, the irrigation system was 

248 observed in person or via remote sensing or otherwise established by representatives of 

249 the division or others to have been operating and disbursing water; or 

250 (2) During the effective period of the agreement or order, a seal, lock, or other device 

251 placed by the division on the system to prevent operation of the system has been broken 

252 or otherwise tampered with." 

253 SECTION 7. 

254 All Jaws and parts of laws in conflict with this Act are repealed. 
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Table 1: Conservation Scenario Annual Costs

 
 

Scenario 1

Gain in Peak Summer
Streamflow

(cfs)

Cost per
Year

($ million)

Deficit Irrigation of Rotation Crops 1,000 64

Total 1,000 64

Scenario 2

High Value Crops to Deeper Aquifers 337 14
Center Pivot Efficiency Improvements 111 3
Deficit Irrigation of Rotation Crops 552 19

Total 1,000 35

Scenario 3

20% Reduction in Municipal Outdoor Use 100 22
Moderate Municipal Leak Abatement 48 4
Center Pivot Efficiency Improvements 111 3
Deficit Irrigation of Rotation Crops 404 10
High Value Crops to Deeper Aquifers 337 14

Total 1,000 53

Scenario 4

30% Reduction in Municipal Outdoor Use 150 40
Full Municipal Leak Abatement 95 7
Center Pivot Efficiency Improvements 111 3
Deficit Irrigation of Rotation Crops 519 16
Reduced Early Season Pecan Irrigation 125 0

Total 1,000 67
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B. DIRECT YIELD LOSSES AND PRODUCER IMPACTS 

 Applying this method to the per acre-foot costs estimated in Section IV, I estimate the total 74.

costs associated with reducing dry-year irrigation of corn, cotton, peanuts, and soybeans by 

10, 20, 30, 40, and 50 percent of consumptive use.  

 Table 8 summarizes the amount of water saved by each crop in each conservation scenario, 75.

as well as net revenue lost. The sum of revenue losses across crops, divided by the sum of 

water savings across crops, yields the average cost per acre-foot conserved, ranging from 

$20 to $248 depending on the conservation scenario. The average cost per acre-foot 

increases as reductions become larger because more valuable uses of water are foregone. 

 

Table 8: Water Savings and Revenue Losses by Crop

 

 

 To confirm the relatively low values of water and implied costs of conservation resulting 76.

from this analysis, I further undertake two econometric studies described in Appendix B. I 

assess the value of water based on land transactions with and without permits in active 

moratorium zones, and by relating volumes of groundwater pumped to the costs of 

pumping. Both of these analyses, which rely on entirely different empirical data sources, 

suggest values of water in the range of net revenue losses per acre described above.  

 Note that for modest conservation scenarios, peanut irrigation would only be moderately 77.

affected. As shown in Table 7, water used to irrigate peanuts tends to be more valuable 

Average

Scenario
Cutback

(AF)
Rev. Loss
($ mill)

Cutback
(AF)

Rev. Loss
($ mill)

Cutback
(AF)

Rev. Loss
($ mill)

Cutback
(AF)

Rev. Loss
($ mill)

Cutback
(AF)

Rev. Loss
($ mill)

Rev. Loss
($/AF)

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12]
10% 62,961 $1.25 0 $0.00 0 $0.00 0 $0.00 62,961 $1.25 $20
20% 107,766 $8.21 14,973 $2.30 3,183 $0.65 0 $0.00 125,922 $11.16 $89
30% 155,892 $21.13 26,307 $5.26 6,366 $1.50 317 $0.10 188,883 $27.99 $148
40% 185,152 $31.61 41,569 $10.59 17,538 $5.54 7,585 $2.79 251,844 $50.53 $201
50% 208,685 $41.78 59,900 $18.66 30,732 $11.37 15,488 $6.32 314,805 $78.13 $248

Notes:

[12] [11]/[10]

Corn Cotton Peanut TotalSoybean

Scenario defined as percentage of water demand from corn, cotton, peanuts, and soybeans.
Total reduction in applied irrigation water.
Total loss in farm revenue net of pumping costs.

[1]
[2], [4], [6], [8], [10]
[3], [5], [7], [9], [11]
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than water used to irrigate corn and cotton in otherwise similar contexts. Deficit irrigation 

of cotton also tends to be a more expensive way of conserving water than deficit irrigation 

of corn. In the 50-percent conservation scenario, which saves a total of 315,000 acre-feet of 

water in a dry year, irrigation of corn would be mostly eliminated while irrigation of cotton 

would be reduced by only one third, and peanut irrigation reduced by only one quarter. 

 These estimates aggregate over soil groups and water user categories for simplicity of 78.

presentation, but the extent of conservation also varies across user types and soil groups. As 

expected, cutbacks tend to be more concentrated on coarse soils than fine, and among high 

water users. Indeed, in some cases, cutbacks in water use among high water users are 

essentially costless, indicating wasted irrigation. 

 The cutbacks considered above are defined in terms of consumptive use, but the relevant 79.

outcome for environmental protection is the reduction in peak streamflow depletions. The 

relationship between the two metrics is specific to the particular location where 

conservation measures are implemented. To convert annual consumptive use into 

streamflows, the spatial pattern of hydrological connectivity of the basin must be taken 

into account. In all subsequent analyses in this report pertaining to irrigation use in the 

ACF, I rely on the modeling work described in Dr. Dave Langseth’s report, which provides 

groundwater-streamflow connectivity factors across a grid of individual cells of 

approximately 250 acres each. The model covers an area that largely overlaps with 

Subarea4, and I conservatively assume no groundwater streamflow connectivity outside of 

that model domain. Intuitively, for the deficit irrigation scenarios defined in terms of 

streamflow depletions presented in Section XII, cutbacks are more concentrated on surface 

water and in high connectivity groundwater zones. 

 As my analyses rely primarily on annual data, I convert annual water volumes to peak 80.

summer streamflows using a conversion factor provided by Appendix D of Dr. George 

Hornberger’s report. Based on his modeling work, I use the groundwater and surface water 

averaged conversion factor for the month of June, equivalent to 2.28. Annual average 

streamflow depletions of 1 cfs correspond to 2.28 cfs of peak summer depletions, given the 

concentration of agricultural water use in the summer months. 
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 The relatively low estimated price-responsiveness of demand is likely due in part to the 131.

conservation measures that have already been implemented in the municipal sector. 

MNGWPD’s Water Supply and Conservation Management Plan includes a requirement 

that conservation pricing be used by all water district potable supply facilities.113 The 

purpose of conservation pricing is to reduce excessive discretionary water use, especially 

outdoor irrigation. EPD has also implemented statewide water use restrictions to reduce 

excessive water use, particularly outdoor irrigation.114  

 Based on the estimated elasticity of demand for outdoor water use, I construct an aggregate 132.

municipal outdoor water demand function calibrated to dry-year price and quantity115. I 

use the averages of 2011 and 2012 values to represent a median dry year. By integrating 

under this demand function for given percentage cutbacks in outdoor water use and 

subtracting the costs of service provision116, I am able to calculate the total economic cost 

associated with the reduction in use. Again, this cost represents the full value or welfare 

lost by Georgia households due to conservation, not actual monetary prices paid. Dividing 

this total cost by the number of acre-feet saved yields the cost on a per acre-foot basis. 

 Table 13 presents the resulting estimated costs per acre-foot, and total water savings in a 133.

dry year, associated with 10 to 30 percent cutbacks in outdoor water use by utility. 

Depending on the percentage cutback considered, the costs per acre-foot conserved range 

from $1,691 to $2,546. The average cost per acre-foot of conservation in the 20 percent 

scenario is $2,118. Given the diminishing marginal value of water in the municipal sector, 

just as in the agricultural sector, the costs per acre-foot are higher for a 20 percent 

reduction than in the 10 percent cutback scenario. 

 

                                                   
113  Water Supply and Water Conservation Management Plan, Metropolitan North Georgia Water 

Planning District, May 2009, p. 5-2.  
114  Outdoor Water Use Information, Georgia Environmental Protection Division, 

http://epd.georgia.gov/outdoor-water-use-information, accessed September 2, 2015.  
115  I assume a linearized demand function for welfare calculations. 
116  I use a constant $250 per acre-foot cost of service provision, plus the average sewer bill of my sample 

as the marginal cost of sewer service. 
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 A 2009 report by Georgia’s Water Contingency Planning Task Force evaluated options to 137.

reduce water use in Georgia, including the costs associated with reducing system losses.118 

Cost estimates from the report show that leak abatement programs are likely to be a fairly 

costly means of reducing municipal water use, although less so for systems characterized by 

high water losses. Leak abatement programs include sonar leak detection to identify leaks, 

managing system pressure to reduce leakage volumes, and improving response times to 

reported leaks. The report estimates a leak abatement cost of $1,200 per mgd with a yield of 

27 mgd.119 If the variable labor costs associated with leak detection and valve exercising 

were only incurred in dry years, this conservation measure would provide 95 cfs of peak 

summer streamflows at a cost of $7 million on an annualized basis.120 

 According to the Task Force’s report, the cost curve for loss reduction is non-linear. The 138.

cost per acre-foot of leak abatement is relatively constant across system loss rates greater 

than twenty percent, but increases sharply for abatement measures targeting systems with 

loss rates of twenty percent or less. Water providers with system losses exceeding twenty 

percent, such as Atlanta Department of Watershed Management, can adopt leak abatement 

measures to achieve twenty percent system losses at relatively low cost. Note that this loss 

rate is four percent higher than the reported national average of sixteen percent. If an 

abatement program only half the scale of that assessed in the Task Force report were 

implemented, non-linearity in the cost curve implies the costs would be below $3.5 million 

annually for a 43 cfs reduction in peak summer streamflow depletions. 

 In addition to more rapid-response leak abatement, replacement of aging pipeline 139.

infrastructure is another means of addressing system losses. According to the Task Force 

                                                   
118  Water Contingency Planning Task Force, Appendix III, December 2009. Accessed on January 17, 

2015: 
http://sonnyperdue.georgia.gov/00/channel_modifieddate/0%2c2096%2c78006749_154453222%2c00.
html 

119  Water Contingency Planning Task Force, Appendix III, page 61. 
120  I amortize the full costs of pressure management equal to $37 million over a 25 year lifespan, assuming 

a five percent discount rate, and add the expected annual variable costs (the annual costs of leak 
detection and valve exercising multiplied by the probability any year is a dry year of 0.33) to reach an 
annual cost estimate. 
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failing to implement its own regulatory program to pay farmers to forego irrigation during 

drought years under the Flint River Drought Protection Act.4 Growers may also be 

compensated for declines in crop yield associated with modest degrees of deficit irrigation. 

As Georgia has already been considering, it may also make the relatively small 

infrastructure investment needed to shift some water users to deeper aquifers that are not 

connected to Apalachicola River flows. 

6. Taking advantage of all of the opportunities for conservation described above, Georgia may 

reduce streamflow depletions by up to 2,000 cfs in drought years like 2011. Table 1 

summarizes the contributions of each of the measures discussed above, which are further 

detailed in the remainder of this section.  

Table 1: Conservation Measures to Achieve 2,000 Cfs Reductions in 
Streamflow Depletions in Drought Years  

 

                                                   
4  See Ga. Code Ann. §12-5-540 et seq. (2000). 

Peak Summer 
Streamflow Saved

Conservation Measure (cfs)

Curb Municipal Outdoor Water Use during Severe Drought 385
Municipal Leak Abatement to Achieve Return Flows 95
Eliminate Net Basin Exports 66
Eliminate Wasted Irrigation of Rotation Crops 221
Eliminate Wasted Irrigation of Pecans 130
Implement March 2006 Flint River Plan during Severe Drought 322

Subtotal 1,219

Deficit Irrigation of Rotation Crops during Severe Drought* 408
Switching High-Value Crops to Deep Aquifers** 227
Reduced Evaporation from Small Impoundments 146

Subtotal 781

Total 2,000

Notes: 

* Deficit irrigation is assessed after all irrigation water waste has been subtracted out.
** The streamflow savings associated with switching to deeper aquifers are in addition to the savings 
associated with reduced pecan irrigation.

Agricultural measures are relative to a baseline of current irrigated acreage combined with drought year 
water use per acre, as represented by 2011 observed values.
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conservation measures that were implemented in 2011, outdoor use across the ACF 

amounted to approximately 163,000 acre-feet of withdrawals. Note that an outdoor 

watering ban was not called for in 2011, despite the drought’s extreme effect on 

agriculture, because the Metro North Georgia area was relatively less affected.9 

Table 2: Outdoor Use in the ACF Basin 

 

11. Assuming all municipal water is supplied by surface sources, outdoor water use resulted in 

approximately 513 cfs of peak summer streamflow depletions in 2011.10 A 50 percent 

cutback on municipal outdoor use would thus lead to a reduction in streamflow depletions 

of 256 cfs, and a 75 percent cutback to a reduction of 385 cfs, in a drought year like 2011. 

12. Although these outdoor water use cutbacks and resulting streamflow improvements would 

not entail any monetary costs beyond those needed to maintain compliance, they would be 

associated with some “quality of life” impacts, as discussed in my February 2016 report. 

However, other states such as California have opted to implement such restrictions at 

greater welfare costs than are implied for Atlanta.11 

                                                   
9  Knox, P. “’Quiet’ drought is worse in some areas than 2007-2009 drought”. Georgia FACES, December 

19, 2012. Available at http://apps.caes.uga.edu/gafaces/?public=viewStory&pk id=4613. 
10  163,000 acre-feet of consumptive use is equivalent to an annual streamflow of 225 cfs. Based on the 

annual to peak monthly conversion factor of 2.28 provided by Dr. David Langseth, the resulting peak 
summer month streamflow depletion associated with outdoor use is 513 cfs. 

11  Buck, S., et al., “The Welfare Consequences of the 2015 California Drought Mandate: Evidence from 
New Results on Monthly Water Demand,” UC Berkeley, 2016. 

Year
Outdoor Use

(acre-feet)
[1] [2]

2008 147,510
2009 136,731
2010 154,948
2011 162,792
2012 154,344
2013 119,909
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8.4 Scenario 3 – Combination of Scenario 2 and a 100% Reduction in IBTs

This scenario starts with Future Scenario 2 and then adds 100% of IBT back to the river network as well. 

Table 8.3 Potential Water Use in Georgia under Reduction in Agricultural Irrigation and
Incremental Evaporation from Small Impoundments with Elimination of IBTs for Drought Year
(2007) Conditions

Month

Conservative Georgia
Consumptive Water Use

in 2007
(cfs)

Conservative Georgia Consumptive
Water Use under Conservation

Measures with No IBTs (for 2007
Climate Conditions) (cfs)

Water Savings
(cfs)

January 278 191 87
February 353 263 90
March 1558 997 562
April 2513 1609 904
May 6024 3813 2211
June 5289 3370 1919
July 3295 2123 1172
August 4495 2913 1582
September 3272 2128 1143
October 2820 1798 1022
November 809 674 135
December 445 346 99

8.5 Limiting Georgia’s Water Use to 1992 Levels

This scenario assumes that GA’s consumptive water use is limited to 1992 levels.  I used the following 
procedure to estimate water use for this scenario: 

M&I consumptive use data begin in 1994 (GADNR, 2015a), so there are no direct estimates of 
M&I consumptive use in 1992.  As a surrogate, I used M&I consumptive use data from 1994 – a 
year that was a little wetter than 1992, but the most comparable with respect to the ET deficit (a 
major driver of consumptive use) during the mid-late 1990s. 

Water losses from federal and non-federal reservoirs were not adjusted (the surface areas have not 
changed since 1992). 

No data were available for IBTs in 1992; for all post-1992 years with IBT data, I assumed that 
100% of the IBTs were added back to the river network. 

For agricultural consumptive use, I fixed the number of irrigated acres to those that occurred in 
1992, but allowed the estimated depth of irrigation water to vary with the ET deficit, as described 
in Section 2. 

Depending on the climate conditions, it is possible for some post-1992 months to have lower consumptive 
water use than the same month in 1992.  In those instances, I kept the monthly water use and did not 
adjust it to the magnitude in 1992.  Table 8.4 shows Georgia’s consumptive use under this scenario for 
the climate conditions of the 2007 reference drought year.  For the model drought year used in Dr. 
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Langseth's Expert Report (2016), the agricultural consumptive water use for this scenario is 87.0% of the 
consumptive use for the baseline model drought year.   

Table 8.4 Potential Water Use in Georgia under the 1992 Limit for Drought Year (2007)
Conditions

Month

Conservative Georgia
Consumptive Water Use

in 2007
(cfs)

Conservative Georgia
Consumptive Water Use
under the 1992 Limit (for

2007 Climate Conditions) (cfs)

Water Savings
(cfs)

January 278 186 92
February 353 236 118
March 1558 1226 332
April 2513 2089 424
May 6024 5166 858
June 5289 4556 732
July 3295 2707 588
August 4495 3683 811
September 3272 2656 615
October 2820 2370 450
November 809 598 211
December 445 304 141

8.6 40% Reduction in Irrigated Acres in Two Sub basins, Spring and
Ichawaynochaway Creek Watersheds

In a prior analysis of potential economic effects of reduced irrigation in the ACF Basin, Georgia 
described a scenario where agricultural irrigation in the Spring Creek and Ichawaynochaway Creek basins 
would be reduced by 40% (GADNR, 2006, pp. 152-159).  I evaluated the change in water use for this 
scenario by calculating the number of irrigated acres that would be reduced according to the HUC-8 
watershed boundaries for these basins and the NESPAL (2010a) map of irrigated fields.  Under this 
scenario, irrigation would be curtailed on 149,734 acres, which is approximately 15% of all irrigated acres 
in the ACF Basin.  To estimate the amount by which irrigation withdrawals would be reduced under this 
scenario, I multiplied the irrigated acreage taken out of production by the irrigation depths described in 
Section 2. 
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REPLY TO 
ATTEHTTON OF 

Inland Environment Team 

DEPJ~TMENT OF THE ARMY 
MOBILE DISTRICT, CORPS OF ENGINEERS 

P.O. BOX 2288 
MO BILE, ALABAMA 36628-0001 

December 7, 2007 

Planning and Environmental Division 

Ms. Gail Carmody 
Field Supervisor 
U.S . Fish and Wi ldtife Service 
1601 Balboa Avenue 
Panama City, Florida 32405-3721 

Dear Ms. Cannady: 

This letter provides supplemental infonnation to our previous letter dated November 21, 
2007, and an updated trigger to be used to detem1ine when an additional reduction in Dows from 
Jim Woodruff Dam would be prudent in order to manage remaining storage in the Apalachicola, 
Chattahoochee, Flint Rivers (ACF) basin under the Exceplional Drought Operations (EDO), 
which were initiated on November 16, 2007. At that time, an initial reduction in flow from 
5,000 cubic feet per second (cfs) to 4,750 crs was initiated subject lo meeting the EDO initial 
trigger. The Amended B iological Opinion (BO) and Conference Report issued by the Service on 
November 15, 2007 included a reasonable and prudent measure (RPM) that specifies an 
additional trigger would be developed before jmplementing the next incremental reduction in 
flow to 4,500 cfs. Specifically, ''RPM6. Mnimum Flow Criteria and Triggers," states: 

"By December 7, 2007, the Corps shall, i11 cooperation with the Se111ice, determine 
appropriate criteria for initiating a reduction .from 4,750 cfs to 4,500 cfs iu the EDO 111i11im11m 
releasesfro111 Wood11ifl Dam. The criteria shall consider all approptiate 111011itori11g data a11d 
models (e.g., s11n1ey of mussels 111ortalilJ1 under collditio11 7.4.5.e, composite reservoir storage, 
climatic and hydrological conditions e.-..:perienced, hydrological models, meteorological 
forecasts) to specify whe/1 a red11ctio11 is needed a11d tl,e probable impacts to project purposes or 
other resources avoided by a reduction at that time, i11cludi11g impacts to listed species that 
would likely occur -without the reduction." 

Our previous letter proposed a trigger for the incremental reduction to 4,500 cfs lhat 
included two components based on a measure of the Clllllulativc basin in flow above Walter F. 
George Darn (a measure of basin inflow on the Chattahoochee arm that is capable of being stored 
in the upstream federal storage reservoirs) and the cumulative basin inflow on the Flint River (a 
measure of basin inflow contributing to meeting the minimum flows below Jim WoodmffDam, 
which provides some relief from the demands on storage in the upstream federal storage 

ACE-0118071 
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reservoirs). As a result of continuing consultation discussions with the Service, we now add a 
third component that reflects the status of Composite Storage within the basin. The proposed 
trigger for a reduction to 4 ,500 cfs is nwised to reflect three components, as shown below, all of 
which would need to be met in order to exercise the trigger: 

a. Cumulative Annual Basin Inflow above Walter F. George Dam< 5th Percentile 
Historic Flows: This trigger represents a measure of the an1ow1t of inflow received in the three 
storage reservoirs in the basin, Lake Lanier, West Point Lake and Walter F. George Lake. The 
trigger is a cumulative annual value designed to capture the importance of sustained low flows 
on reservoir storage and recovery. Coupled with the Composite Storage Trigger described in 
paragraph c, below, this trigger indicat~)s a prolonged and sustained reduction in inflows to the 
storage reservoirs meriting fu rther outflow reductions. 

b. Monthly Basin Inflow above the Newton Gage on the Flint River< 5th Percentile 
Historic Flows: This trigger represents lhe flow contribution of the unconlrnlled Flint River. 
When combined with the Composite Storage Trigger described in paragraph c. below, and 
cumulative annual basin inflows on the Chattahoochee River less than lhe 5th percentile of 
historic flows described in paragraph a. above, flows less than the 5th percentile on the Flint 
River represent a continuation of critically low ini1ows and result in further rapid depletion of the 
remaining basin storage lo meet the downstream flow requirements below Jim Woodruff Dam. 

c. Composite Storage Trigger Zone for 4,500 cfs Incremental Reduction in F low: In 
addition to the above two components, iil third component to lhe trigger bas been identified to 
reflect that the resulting impact 011 Composite Storage has reached critical levels, meriting the 
next incremental reduction in releases. As shown on O,e enclosed figures, the Composite Storage 
Trigger Zone is the combined Composite Storage volumes resulting from Lake Lanier/Buford 
Dam being at the lop of Zone 4, and both the Wesl Point and Walter F. George projects being at 
the bottom of Zone 4/top of inactive storage. This represents a storage condition equivalent to 
all three reservoirs being within drought management conditions (Zone 4), and all flows in 
support of meeting lhe downslTeam minimum releases being drawn from Lake Lanier. 

As noted in the EDO, an evaluation oflhe status of basin conditions will be conducted at 
the first of each month to detennine whether Lhe trigger components have been met. Once the 
above three components are all met, the1n a detennination would be made on whether and when 
the lrigger for an incremental reduction to 4,500 cfs release would be exercised. This · 
delemunation may consider other relevai• t infonnation, including recent climatic and hydro logic 
trends and forecasts of climatic and hyd~·ological conditions, or other critical basin needs or 
anticipated impacts. Once the dctem,ination is made lo exercise Uui trigger, releases from Jim 
Woodruff Dam would be made to meet Che 4,500 c[s minimwn flow, and storage of inflows 
above the 4,500 cfs would occur. Additional releases would be made as necessary to maintain 
head limits or due to other operational constraints, as has occurred during recent rainfall events 
when the releases resulted in flows over 5,000 cfs. Under the EDO, we would maintain the 
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4,500 cfs minimum flow once triggered unlil Composite Storage is restored from Zone 4 into 
Zone 3, at which time the EDO would return to maintaining the 5,000 cfs minimum flow. 
Discontinuation of the EDO would occm once Composite Storage is restored from Zone 3 into 
Zone 2, at which time the operations would return to those specified under the interim operation 
plan. 

Enclosed is an assessment of the: current status of each of the three components for a 
4,500 cfs flow reduction trigger, effective December l, 2007. Th.is assessment demonstrates that 
all three components of the 4,500 c fs flow rnduction trigger have been met. This also serves us 
the monthly update of the status of lhe hydrology of the system, including composite system 
storage, ns required by RPMl of the Ar111ended BO. 

In ftuther support toward implementation of the next incremental reduction in releases, 
we offer the following additional infon11ation regarding hydrological and climatic trends and 
forecasts. Enclosed is a summary of hydrological data and modeling infoonation considered in 
determining the hydrological stalus for llhe basin and forecasts relating to impacts on composite 
storage and the ability to sustain mini1mnn Ilows, (this infonnaliou was also used to assist in 
identifying possible ITiggers for a reduc1tion in flow support). 

- Hydroloe:ical Trends. As previously tloled, our modeling nssessments included in the 
U.S. Anny Corps of Engineer (Corps') Biological Assessment dated November 1, 2007, 
and in the Service's Amended BO doled November 15, 2007, assumed that the 10th 

percentile flows would represent the worse case scer:iar.io. We detennined in forecasts 
using the 10th percentile flows U,at maintaining a 4,750 cfs minimum release would not 
exhaust composite storage for U1e approximately 2-year period modeled. However. we 
have since then experienced inflows into the basin during the past several months that are 
below the 2nd percentile of historic flows. Monthly basin inflows above Waller F. George 
have been below the 2nd percentile historic flows since August 2007. The accumulated 
basin inflow above Walter F. George has been below the 2nd percentile of historic flow 
since late September 2007. 

- Mulli-vear Drought Concerns and Forecast Storage Impacts. If these extreme 
bydrological conditions were lo c;ontinue, our modeling results indicate tbat maintaining 
the 4,750 cfs minimum release would in fact exhaust composite storage in ll1e basin by 
the fall of 2008. Althougl1 there is a great deal of uncertainty in attempting to project 
long-tem1 forecasts, our model ing forecasts show tbat by October 2008 significant 
shortages in providing the minimum flows 011 the Apalachicola River would also occur 
(as measured at the Chattahoochee, Florida gage) once composite storage is exhausted. 
Exercising the trigger to reduce filows to the 4,500 cfs increment now could defer or 
avoid the need to exercise the next incremental reduction to 4,150 cfs, as well as 
minimize the risk of depleting all conservation storage. The enclosed modeling shows 
that attempts lo store more water now would place the ACF storage reservoir in a better 
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position next spring lo support a multiple year drought scenario. In the spri11g of 2007. 
the Lake Lanier elevation was as high as 1,067.8 feet, but has continued a -significant 
decline since then to a new record low elevation of 1,051.7 feet. The Lake Lanier 
elevation is expected to continwe to decUne through the rest of the year. If Lake Lanier 
begins the spring of 2008 at an elevation near or below 1,050 feet, then the ability to 
continue to maintain augmentati1on releases at Jim Woodruff Dam could be significa• tJy 
at risk if conservation storage becomes depleted. 

-Benefits to Project Storage and Pu1poses. Enclosed is a summary of the project 
storage benefits accrued since implementation of the EDO on November 16, 2007. 
Storage benefits inc1ude savings: of approximate1y 6,745 acre-feet of composite storage 
within the basin (which represents approximately 340 day-second-feet or 675 acre-feet 
per day), and a nel increase in storage of approximately 22, 134 acre-feet through 
December 2, 2007, due to the Thanksgiving week rainfall events. Most of this rainfall 
was stored in Walter F. George Lake, with lake levels increasing approximately 1.5 feet, 
but still rernaini11g 1.5 feet below winter pool. West Point Lake levels remain fairly 
steady and Lake Lanier levels continue lo decline. The project storage benefits from 
storage of increased basin inflows only occur if it rains within the basin and above the 
storage projects. Unless the increases in basin inflows are significant and sustained, U1ey 
will provide only sbort-tem1 limited storage benefits. Lacking rainfall in the basin, 
additional storage benefits can only be obtained by an additional incremental reduction in 
releases from the storage reservoirs. The benefits lo be gained by an additional 250 cfs 
reduction of flow (incremental r;eduction from 4750 cfs to 4500 cfs) is an estimated 
savings of 250 cfs per day in storage. Saving this storage now prolongs the runounl of 
time releases can be made later, including releases for critical needs such as hydropower, 
water supply and water quality. At current conditions in Lake Lanier, a savings of 250 
cfs is equivalent to approximatelly 55 megawatts per day in hydropower generation; or to 
approximately one-tl1ird of the daily municipal waler supply needs on the Chattahoochee 
River at Atlanta (estimated daily demand of750 cfs); or one-third of the daily minimum 
flow requirement for water quality on the Chattahoochee River at Peachtree Creek (750 
cfs). A savings of 250 cfs per day for 90 days (until approximately March 1) would be 
equivalent to approximately 22,500 day-second-feet, or 44,700 acre-feet. That would 
equate to a difference in elevatio,n at Lake Lanier of approximately 1.5 feet. 'Extending 
this savings in storage for an addlitiooal 90 days, u11til June 1, would provide for a total 
savings of approximately 45,000 day-second-feet, or 89,400 acre-feel in storage al Lake 
Lanier. 

- Climatic and Hvdrological Forecasts. Forecasts provided by the National Weather 
Service continue to predict that s:trong LaNiiia conditions in the Paci.fie Ocean will persist 
and are anticipated to result in increased probabilities of a very warm and dry winter in 
the ACF basin and continue into the spring months. Our staff meteorologist indicates 
that this December could be the driest ever recorded. A drought during the winter in the 
Southeast is exfremely rare. The cmTent drought has extended into winter and is forecast 
lo severely impact conditions lbis spring. The Corps reservoirs are dependent on winter 
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and spring rains (o refill to sumiiner levels and provide necessary storage to augment low 
flows during a dry summer and fall. Without this refill, the Corps ability lo augment 
flows during a dry summer and fall would be significantly jeopardized. Reducing the 
flow at this time would enable the Corps lo maximize the probability that the reservoirs 
would refill to levels that will ailow them to sustain augmentation flows through the 
cunent multi-year drought. Under cu1Tent conditions, Lake Lanier could be five feet 
lower on June 1, 2008, than predicted in the analysis perfonned for the Amended BO. 
This difference represents approximately 150,000 acre-feet less storage, or approximately 
14 percent of consen1ation storage in Lake Lanier. This amount of storage would allow 
for continued support of the 4,500 cfs flow requirement for an estimated additional 
25 days. 

- Operations Using [nactive Storage. The current drought has resulted in record use of 
the total conservation storage from lhe Federal reservoirs. On November 6, 2007, we 
reached a new record low in total remaining conservation storage in the ACF Basin. 
Lake Lanier dropped below the previous record low elevation of 1052. 7 feet on 
November 19, 2007 and continues to fa11. It has become increasingly necessary to 
evaluate the possible consequem~es of complete use of the system conservation storage, 
and the need for a possible drought contingency plan for use of inactive storage in the 
ACF reservoirs. We are i11 the process of developing such contingency plans at this time, 
but under such a scenario reserv1i)ir operations would necessarily be restricted to meeting 
the critical needs of the system. Under this contingency scenario, the system needs 
would be prioritized to meet public health and safety, using lbe following criteria: 
mai11tain structural integrity of the projects; provide water to meet demands oflocal 
municipalities; maintain i.nstream water qua.lily; prnvide sufficient cooling water for the 
private them10eJectric power plants and support the endangered species in the 
Apalachicola River. The inactive storage will be subclivided into three action zones, 
similar to the conservation storage. The action zones would represent triggers to meet 
highest priority needs. Water mrana.gers would restTict releases, ba.sed on the above 
priorities, as storage decreases o.r falls inlo lower action zones. For example, if the 
conservation storage is depleted, some li111ited support to endangered species and 
thennoelectric power plants wou1ld be provided. As levels witlun the inactive storage 
contin ues to fall below the next llower action zone, then support for these uses woultl be 
discontinued and 011ly releases in support of water SUJJply and water quality would 
continued to be made. As levels continue to drop, only releases for water supply and 
struchiral integrity would be made. At some point, only releases for structural integrity 
would be made. It is clear that o,nce we are restricted to operating in the inactive storage 
zones of the federal projects thal only limited support to endangered or threatened species 
would be possible, and at some p oinl would be eliminated. We will continue to consult 
with your agency and others as we continue to develop !his contingency plan. For this 
reason, we are continuing lo eva.luate necessary actions that would allow some refill of 
the reservoirs during these exceptional drought conditions and to prevent us from using 
aU conservation storage. 

ACE-0118075 



-6-

- Monitoring Data on Incidental Talce of Mussels Due to 4,750 cfs Incremental 
Reduction in Flow. Following issuance of the Amended BO by t11e Service, we initiated 
the first incremental reduction in flows on November 16, 2007. Prior lo the reduction in 
releases, Dows were measured at approximately 5,130 cfs at~ stage of 39.15 feet; and 
were stabilized within the first fow hours following the reduction of releases lo 4,770 cfs 
and a gage reading of 38.91 feet as measured at the U.S. Geological Survey (USGS) gage 
at Chattahoochee, Florida. Stages downstream were measured to be 27.39 feet prior lo 
the reduction in flows, and stable at a reading of 27.29 feet at the Blountstown, Florida 
gage on November 17, 2007. Prior to reduction in releases, stages were measured at 
10.97 feet, with a reading of 10. 88 feet at the WewahitcWca, Florida gage once river 
stages stabilized on November 18, 2007 (AJl elevations are based on the National 
Geodetic Vertical Datum of1929). These gage readings represent a fall in stage of 
approximately 3 inches in the upper river near Cbat1aboochee, approximately 1.5 inches 
near the Blountstown gage, and approximately 1 inch in the middle river near the 
Wewahitchka gage. Monitoring for incidental take of listed mussels was conducted by 
the Corps and U.S. Fish and Wildlife Service during November 17-20, 2007 in 
confom1011ce with the requireme,nts of RPMS.e. in the Amended BO. SampJj ng was 
conducted at 44 si tes, moving downstTeam as river flows and slages stabi1ized. A 
summary of the monitoring conducted and the computed estimates of incidental take are 
enclosed. 

The Amended BO authorized incidental take for up lo 100 purple bankclimber mussels, 
up to 100 Chi po la slabsl1e1l mus::;cls, and up to 5,600 fat t:hreeridge mussels for the 
incremental reduction in flow to 4,750 cfs. Our mussel mortality monitoring found no 
take of purple bankclimber or Chi po la slabshell mussels; but docW11ented an estimated 
talce of 1,469 fat threeridgc mussels. This estimate falls well within the estimated truce 
included in the Amended BO. Altbough additional lake of mussels is anticipated to occur 
with an additional incremental reduction in flow to 4,500 cfs, there is no reason to expect 
that it would exceed the auU1orized incidental talce included in the Amended BO (i.e., up 
to a total of l 00 individual purpl,e bankclimber mussels, up to a total of 100 individual 
Chipola slabshell, and up lo an additional 15,400 fat thre~ridge mussels). 

We have been discussing with your agency possible revisions to the sampling protocol 
for estimating the amount of incidental lake of mussels for the 4,500 cfs increment, lo 
include t11e incorporation of additional mussel habitat site information being collected by 
tbe Service this week. Some reci:m1mended revisions are included 111 the summary reporl 
of incidental talce monitoring for the 4,750 cfs incremental reductions in flow. The 
coordinated revised sampling pmlocol will be implemented in association wilh 
monitoring for incidental talce of mussels to be conducted for t11e 4,500 cfs incremental 
reduction in tlow. 
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Because of the above factors, we, continue to believe that implementation of t11e second 
EDO incremental reduction in flows to 4 ,500 cfs should be implemented. 

If you have any questions or require any additional infonnation regm-ding the enclosed 
the anticipated exceplional drought impncts, modeling infonnatiou, or proposed EDO trigger for 
a reduction to 4,500 cfs, please contact Ms. Joanne B randt, Senior Environmental Specialist, 
(25 I) 690~3260, email: joanne.u.brandt(@.nsace.anny.mil; or Mr. Brian Zettle, Biologist, (251) 
690-2115, email: brian.a.zertle@usace.army.mil. 

Enclosures 

Curtis M. Flakes 
Chief, Planning and Environmental 

Division 
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EDO Incremental Reduction in Flow to 4,750 cfs 

ACF Reservoir Storage Conserved 
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• This is all stored in W. F. Gear e 
• This is shown in the following Conservation Storage graph 
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West Point 
Buford Conservation Conservation Storage George Conservation TOTAL ACF 

DATE Storage ac-ft ac-ft Storage ac-ft Conservation Storage 

November-1 o 504,995 40,366 39,796 585,157 

November-11 500,082 35,773 40,951 576,806 

November-12 493,415 41 ,557 38,641 573,613 

November-1 3 487,659 37,305 37,486 562,450 

November-14 483,719 30,731 40,566 555,016 

November-15 474,025 29,747 40,951 544,723 

November-16 468,004 31 ,548 41 ,336 540,888 

November-17 466,503 37,815 39,796 544,114 

November-18 464,704 42,067 39,796 546,566 

November-19 460,503 37,305 40,181 537,989 

November-2O 459,603 31 ,548 41 ,721 532,872 

November-21 451 ,804 29,911 42,491 524,207 

November-22 448,804 31 ,548 47,498 527,849 

November-23 445,504 30,567 48,653 524,724 

November-24 444,004 34,923 56,352 535,280 

November-25 442,503 34,923 58,276 535,705 

November-26 442,203 39,005 73.678 554,886 

November-27 441 ,017 38,155 76,799 555,971 

November-28 439,243 36,114 78.795 554,152 

November-29 437,763 36,965 82,784 557,512 

November-3O 436,283 36,454 83,581 556,318 
)> 
0 December-O1 434,507 34,923 85,577 555,007 
m 
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From: 
Sent: 
To: 
Cc: 
Subject: 

Amber, 

Hrabovsky, Cheryl L SAM 
Thursday, October 25, 2007 9:50 AM 
Ashley, Jonathan A SAM; Houston, Amber M SAM 
Vaughan, Memphis Jr SAM; Hathorn, James E Jr SAM 
FW: Volumetric Balancing 

Here the information on using volumetric balancing. I will also send you the reply from FWS. 

Cheryl Hrabovsky 
Hydraulic Engineer 
U.S. Army Corps of Engineers, Mobile District Water Management Section Apalachicola-Chattahoochee-Flint Rivers Basin 
Manager 
251-694-4018 

-----Original Message----­
From: Zettle, Brian A SAM 
Sent: Wednesday, October 17, 2007 9:12 AM 
To: Jerry Ziewitz@fws.gov; 'Gail Carmody' 
Cc: Ashley, Jonathan A SAM; Bradley, Kenneth P SAM; Brandt, Joanne U SAM; Eubanks, Michael J SAM; Feldmeier, Paula 
M SAM; Flanagan, Patricia A SAM; Hathorn, James E Jr SAM; Hrabovsky, Cheryl L SAM; Otto, Douglas C Jr SAM; Peck, 
Brian E SAM; Shoemake, Deborah J SAM; Vaughan, Memphis Jr SAM; White, Jonas SAM; Zettle, Brian A SAM; Trawick, 
Eubie D SAM; Flakes, Curtis M SAM 
Subject: Volumetric Balancing 

Jerry, 

Our meteorologist suggest that portions of the ACF Basin could receive relatively substantial rainfall (up to an inch) this 
week. Per our conversation earlier today and consistent with the Volumetric Balancing clarifications described in our 16 
May 2007 letter to USFWS, I am providing notice that we intend to store basin flows greater than 5,000 cfs if conditions 
permit. Our current volumetric balancing account has approximately 12,000 dsf credits accumulated since May and due 
to the drought we have not yet had an opportunity to accomplish recovery of storage used for downramping during this 
period. We do not anticipate that the forecasted precipitation will result in substantial balancing of the account and it is 
likely that releases less than the 7-day basin inflow will not be significant. In the letter we agreed to avoid applying 
volumetric balancing when releases are less than 10,000 cfs to the extent practicable. However, due to the continuing 
drought we believe it is prudent to recover the storage as opportunties present themselves. Recovery of storage will 
assist us in continuing to augment flows to meet the 5,000 cfs minimum release requirement at Jim Woodruff Dam in 
support of listed mussels. We do not believe that releasing less than the 7-day basin inflow at this time will result in 
additional adverse impacts to listed species in the river. Should you have any comments or questions regarding 
volumetric balancing please contact me as soon as possible. Thanks. 

Brian 

Brian Zettle 
Biologist 
US Army Corps of Engineers 
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Assistant Professor
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Table 2. Prior distributions used for parameters in the model 

Parameter Distribution Notes
F1982-1992 lognormal(0.01,1.5) Relatively flat prior but most 

density is < 1. Larger values 
would not be biologically 
plausible for a weekly harvest 
rate.

F1992-1999 lognormal(0.01,1.5)
F1999-2005 lognormal(0.01,1.5)
F2005-2009 lognormal(0.01,1.5)
F2009-2012 lognormal(0.01,1.5)

MS normal(1,2)

Expect the parameter to be 
positive and relatively small, but 
large standard deviation spans 
zero allowing estimate of no 
effect

a inverse gamma(10,0.1) Relatively flat but most density 
on values below 10; error is added 
to every size bin so small values 
are amplified considerably.

r inverse gamma(10,0.1)

Model simulations 

I performed an IPM model fit to the observed Florida DACS data at Cat Point. The result 

of this fits was posterior distributions (i.e., model estimates) of the unknown F, MS, and 

uncertainty parameters. After obtaining posterior distributions of the parameters from the 

hindcast fit, I re-ran the model in a non-data-fitting mode to simulate alternative salinity 

scenarios (though with process error still added in as before). In order to preserve the same 

sequence of process uncertainty terms in the new scenarios, so that the differences between 

model runs were deterministic rather than stochastic, I saved the sequence and the particle-filter 

weightings from the data-fitting run, and then re-used the same uncertainties and weights in the 

non-data fitting runs. To facilitate this we also initialized the Matlab random number generator 

with the same seed in each set of runs. Simulations with different random seeds did not produce 

noticeably different results, so we used the same arbitrarily chosen seed for all simulations 

presented in the main opinion. 

In the alternative scenario we simulated approximated an “unimpacted flow” condition for 

2007-2012. A hydrodynamic model of Apalachicola Bay was used to simulate surface 

temperature and salinity at model nodes throughout the Bay (Greenblatt Expert Report). That 

model was used to simulate both historical conditions and conditions with all upstream water 

withdrawals by Georgia removed(“unimpacted flow”, see Hornberger Expert Report, Greenblatt 

Expert Report). For the 2007-2012 period in the oyster population model, I used either the 

historical (“observed”) hydrodynamic model output or the unimpacted outputs for the model 

nodes closest to each study site. Both scenarios used physical data collected at the study site by 
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QUESTION PRESENTED

The Water Supply Act of 1958 (“WSA”), 43 U.S.C.
§ 390b, authorizes the Army Corps of Engineers to
reallocate federal reservoir storage to support local
water supply demands, but requires the Corps to
obtain Congressional approval if a reallocation would
constitute a “major * * * operational change.” Id.
§ 390b(d). Two circuits have rendered conflicting
decisions with respect to the WSA as it applies to
Lake Lanier, a federal reservoir upstream of Atlanta
whose waters flow through the Southeast and have
sparked a three-decade water conflict among Geor-
gia, Alabama, and Florida. The D.C. Circuit held
that the Corps could not unilaterally reallocate 22
percent of Lanier’s storage to Atlanta-area water
supply because that would be a “major operational
change.” In the case below, by contrast, the Eleventh
Circuit held that the Corps may be able to reallocate
an even larger portion of the reservoir—34 percent—
without Congressional approval, and that the WSA’s
“major operational change” limitation may be cir-
cumvented by relying on a project’s underlying
authorization.

The question presented is: Whether the Corps
must comply with the explicit statutory limit in the
WSA that requires Congressional approval before the
Corps undertakes a major reallocation of federal
reservoir storage to provide local water supply.



PARTIES TO THE PROCEEDINGS

The Petitioners are the State of Florida and the
City of Apalachicola, Florida. Both were appellees
below.

Respondents which were appellants/cross-appellees
below are the State of Georgia; the City of Atlanta;
Fulton County; DeKalb County; the Cobb County-
Marietta Water Authority; the City of Gainesville;
the Atlanta Regional Commission; the Lake Lanier
Association; and Gwinnett County, Georgia. Re-
spondents which were appellees below are the State
of Alabama; Alabama Power Company; and South-
east Federal Power Customers, Inc. Respondents
which were appellees/cross-appellants below are the
U.S. Army Corps of Engineers; John McHugh, in his
official capacity as Secretary of the United States
Army; Jo-Ellen Darcy, in her official capacity as the
Assistant Secretary of the Army-Civil Works; Major
General Merdith W.B. Temple, in his official capacity
as Acting Chief of Engineers, U.S. Army Corps of
Engineers; Brigadier General Todd T. Semonite, in
his official capacity as Commander, South Atlantic
Division, U.S. Army Corps of Engineers; and Colonel
Steven J. Roemhildt, Commander, Mobile District,
U.S. Army Corps of Engineers.
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IN THE

Supreme Court of the United States
_________

No. 11-
________

IN RE: MDL-1824 TRI-STATE WATER RIGHTS

LITIGATION.
_________

On Petition for a Writ of Certiorari to the
United States Court of Appeals

for the Eleventh Circuit
_________

PETITION FOR A WRIT OF CERTIORARI
_________

The State of Florida and City of Apalachicola re-
spectfully petition for a writ of certiorari to review
the judgment of the United States Court of Appeals
for the Eleventh Circuit.

OPINIONS BELOW

The opinion of the Eleventh Circuit (App. 1a-86a)
is reported at 644 F.3d 1160. The opinion of the
District Court (App. 87a-187a) is reported at 639 F.
Supp. 2d 1308.

JURISDICTION

The Eleventh Circuit entered judgment on June
28, 2011. App. 1a. Rehearing was denied on Sep-
tember 16, 2011. App. 188a. On November 9, 2011,
Justice Thomas extended the time to file this petition
to February 13, 2011. The jurisdiction of this Court
rests on 28 U.S.C. § 1254(1).

STATUTE INVOLVED

The Water Supply Act, 43 U.S.C. § 390b (1958),
provides in relevant part:
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(b) Storage in reservoir projects; agreements for
payment of cost of construction or modification of
projects. In carrying out the policy set forth in
this section, it is provided that storage may be
included in any reservoir project surveyed,
planned, constructed or to be planned, surveyed
and/or constructed by the Corps of Engineers or
the Bureau of Reclamation to impound water for
present or anticipated future demand or need for
municipal or industrial water * * * .

* * *

(d) Approval of Congress of modifications of res-
ervoir projects. Modifications of a reservoir pro-
ject heretofore authorized, surveyed, planned, or
constructed to include storage as provided in
subsection (b) of this section which would seri-
ously affect the purposes for which the project
was authorized, surveyed, planned, or construct-
ed, or which would involve major structural or
operational changes shall be made only upon the
approval of Congress as now provided by law.

INTRODUCTION

Two Courts of Appeals have issued diametrically
opposed decisions with respect to the same body of
water—a massive federal reservoir whose outflows
serve three states and have triggered a decades-long
interstate water war. The divergent decisions were
driven by the courts’ conflicting interpretations of an
important federal statute that this Court has never
construed. The Court should grant the writ to re-
solve the split and clarify the fate of a water source
that “is of the utmost importance to * * * millions of
power customers and water users” throughout Flori-
da, Alabama, Georgia, and the Gulf Coast. App. 84a.
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The case concerns Lake Sidney Lanier, one of the
nation’s largest federal reservoirs. Lake Lanier sits
on the Chattahoochee River above Atlanta. South of
the lake, the Chattahoochee runs past Atlanta, along
the Georgia-Alabama border, into the Apalachicola
River in Florida, and thence to Apalachicola Bay.
The waters stored in Lake Lanier are important to
generate power, facilitate navigation, and ensure the
survival of ecologically sensitive resources down-
stream in Florida and Alabama. But localities in
Georgia seek to use those same waters for local
water supply. Those divergent interests have
spawned a cross-border water dispute that has
produced 13 different decisions in six federal courts.

The essence of the dispute is whether the Army
Corps of Engineers may, without Congressional
approval, reallocate Lake Lanier’s water storage1

away from its original uses—downstream flows for
power generation and navigation—and toward direct
withdrawals and releases from the lake for local
water supply. Any such reallocation would have a
profound effect on downstream interests because
water reserved in storage for direct withdrawal is not
available for downstream release when needed. It
also would unilaterally rebalance the interests
weighed by Congress in authorizing the reservoir.

In 2002, the Corps agreed to reallocate to local
water supply some 22 percent of Lanier’s storage
capacity—enough to cover the entire National Mall
in water almost 800 feet deep. Florida and Alabama
protested, and the D.C. Circuit rejected the plan as

1 In this context, “storage” refers to the amount of space in Lake
Lanier allocated to a particular project purpose. App. 10a. As
we discuss below, the Corps releases water from the reservoir to
serve the purpose for which the space has been allocated.



4

unlawful under the Water Supply Act (“WSA”). The
WSA authorizes the Corps to modify reservoir alloca-
tions to allot storage for local water supply. Id.
§ 390b(b). However, it requires Congressional ap-
proval if the reallocation would work a “major * * *
operational change[ ]” to the reservoir. Id. § 390b(d).
The D.C. Circuit concluded that a 22 percent reallo-
cation was a major operational change and that the
plan accordingly required Congressional approval.
Southeastern Fed. Power Customers, Inc. v. Geren,
514 F.3d 1316 (D.C. Cir. 2008), cert. denied, 129 S.
Ct. 898 (2009); App. 190a-212a.

The Eleventh Circuit has now issued a decision
that contradicts Geren and provides the Corps broad
discretion to reallocate storage without Congress’s
approval. Georgia asked the Corps to reallocate 34
percent of Lanier’s storage—a much larger realloca-
tion than the one disapproved in Geren—to satisfy
Atlanta’s water demands. App. 66a. Consistent with
its longstanding interpretation of its authority, the
Corps refused. It found that such a large realloca-
tion would “involve * * * major operational changes”
and required Congress’s approval under the WSA.
App. 25a. But the Eleventh Circuit has now rejected
that view. It held that the Corps has some measure
of authority under an earlier statute to reallocate
Lanier’s storage; that the WSA merely “supple-
ment[s]” that authority; and that the WSA provision
requiring Congressional approval for “major opera-
tional changes” may be circumvented. App. 64a-67a,
76a-80a. It remanded, having given the Corps a
green light to reallocate massive amounts of storage
without obtaining Congress’s imprimatur.

The decision below directly conflicts with that of
the D.C. Circuit. It undercuts Congress’s power to
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control the Nation’s reservoirs. It affects the compet-
ing interests of three states to a single stream of
water—“a necessity of life that must be rationed
among those who have power over it.” New Jersey
v. New York, 283 U.S. 336, 342 (1931). It will ad-
versely impact important downstream ecologies in
the river basin and limit the extent to which down-
stream states can benefit from hydropower and river
navigation. And like an original action, it implicates
“the manner of use” of “interstate lakes and rivers.”
R. Stern et al., Supreme Court Practice 242 (9th ed.
2007). This Court should grant the writ and hold
that the D.C. Circuit was correct: Before the Corps
can fundamentally reallocate a major federal water
source to local supply at the expense of downstream
needs, it must obtain the approval of Congress.

STATEMENT

A. The Affected Rivers and Lake Lanier.

1. The Chattahoochee River begins as a mountain
spring on the Appalachian Trail in northeastern
Georgia. App. 5a. Emerging from the Blue Ridge
Mountains, the river flows past Atlanta and along
the Georgia-Alabama border. Id. “At the Florida-
Georgia border the Chattahoochee joins the Flint
River and they become the Apalachicola River, which
eventually flows into the Apalachicola Bay and the
Gulf of Mexico.” Alabama v. U.S. Army Corps of
Eng’rs, 424 F.3d 1117, 1122 (11th Cir. 2005). The
rivers and the areas they drain are referred to as the
Apalachicola-Chattahoochee-Flint, or “ACF,” Basin.2

The Chattahoochee is Atlanta’s primary water
source. But it is just as important to Florida and

2 See www.sam.usace.army.mil/pa/acf-wcm/pdf/acf_map.pdf.
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Alabama as a source of drinking water, water supply,
hydroelectric power, recreation, and sustenance for
riverine ecologies. “Southeastern Alabama relies
upon the Chattahoochee for much of its water sup-
ply[.]” D. Stephenson, The Tri-State Compact:
Falling Waters & Fading Opportunities, 16 J. Land
Use & Envtl. L. 83, 85 (2000). The Apalachicola
River “empties into the Apalachicola Bay, which
provides approximately 90% of Florida’s oyster
harvest.” Id. The Bay, in turn, is a critical nursery
for the Gulf of Mexico—and one whose productivity
depends on robust river flows. See infra 29. And the
Apalachicola “has the highest species density of
amphibians and reptiles in the North American
Continent north of Mexico”; it is home to numerous
protected species. Georgia v. U.S. Army Corps of
Eng’rs, 302 F.3d 1242, 1250 n.6 (11th Cir. 2002).

2. Lake Lanier’s history dates to 1925, when Con-
gress asked the Corps to consider hydroelectric
projects in the area. App. 5a. That led to the idea of
a reservoir (Lake Lanier) and dam (the Buford Dam)
on the Chattahoochee above Atlanta. App. 5a-6a.

Congress approved the reservoir plan, among hun-
dreds of other reservoir projects, in omnibus author-
izing legislation in 1945 and 1946. The second of
those acts, the 1946 Rivers and Harbors Act (“RHA”),
provided that the Buford project would be “prosecut-
ed * * * in accordance with the report of the Chief of
Engineers, dated May 13, 1946.” Pub. L. No. 79-525,
60 Stat. 634, 635 (1946). That report, in turn, incor-
porated a Corps report by Brigadier Gen. James B.
Newman Jr., known as the “Newman Report,” that
set out the details. App. 6a; see Docket No. 4 Exh. B,
Georgia v. U.S. Army Corps of Eng’rs, No. 3:07-md-
00252 (M.D. Fla. Apr. 12, 2007) (Newman Report’s
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text). The report observed that “[t]he principal value
of the Chattahoochee River is as a source of power.”
App. 93a. It concluded that the Buford site was the
best spot for “a large storage-power reservoir[.]” Id.

The report noted other “incidental” benefits of a
reservoir, id., including water supply for Atlanta. It
observed that “[i]f the regulating storage reservoir
* * * could be located above Atlanta, it would greatly
increase the minimum flow in the river at Atlanta,
thereby producing considerable incidental benefits by
reinforcing and safeguarding the water supply[.]”
App. 94a. Nothing in the report suggested that
Congress or the Corps ever contemplated that water
supply would be made available through direct
withdrawals from storage at Lake Lanier.

3. Lake Lanier was completed in 1957. It had 692
miles of shoreline and conservation storage capacity3

of 1,049,000 acre-feet—i.e., enough to hold the quan-
tity of water that would submerge 1,049,000 acres of
land to a depth of one foot. App. 11a. None of that
space was allocated to local water supply. App. 113a.
On the contrary, as the District Court found, “both
before and during construction of Buford Dam, the
Corps consistently described the primary purposes of
the project as flood control, navigation, and hydro-
power,” and “the water-supply benefit discussed
throughout the legislative history was the regulation
of the river’s flow.” App. 113a, 163a.

B. The Water Supply Act.

In 1958, a year after Lanier was completed, Con-
gress enacted the WSA. The Nation’s federally-

3 Lanier has total capacity of 2,554,000 acre-feet. The rest is
for flood containment and so-called “inactive” storage.
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owned reservoirs historically had not been used to
store water for local supply; that was considered a
parochial use, and the Corps did not think itself
authorized to dedicate space in reservoirs for local
use. See Docket No. 14-2 at 8 n.1, In re Tri-State
Water Rights Litigation, No. 3:07-md-01 (M.D. Fla.
June 6, 2007) (“2002 Corps Memorandum”). The
WSA ushered in a sea change in federal water policy,
authorizing the Corps to provide storage space for
local water supply. 43 U.S.C. § 390(b). But Congress
was careful not to give the Corps free rein. Instead,
it required that the Corps obtain Congress’s approval
before agreeing to any storage plan that would effect
“major * * * operational changes” at a reservoir:

Modifications of a reservoir project heretofore au-
thorized, surveyed, planned, or constructed to in-
clude storage as provided in subsection (b) of this
section which would seriously affect the purposes
for which the project was authorized, surveyed,
planned, or constructed, or which would involve
major structural or operational changes shall be
made only upon the approval of Congress as now
provided by law. [Id. § 390b(d) (emphases add-
ed)].

C. The Shift To Direct Withdrawals at Lanier.

1. The Corps controls water-storage allocations at
Lake Lanier, as it does at more than 500 reservoirs
nationwide. See 33 C.F.R. § 222.5(o), & App. E
(2011). The Corps’ authority over storage allocations
does not mean it owns the water or directly controls
who can withdraw it downstream. It means, instead,
that the Corps can assign reservoir space to given
uses and operate the reservoir to support those
uses—but only within limits specified by Congress.
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Acting within those limits, the Corps retains or
releases water according to plans designed to ensure
that users with storage allocations will have water
when they need it. App. 137a-138a.

2. For years (and with minor exceptions not rele-
vant here),4 none of Lake Lanier’s storage capacity
was dedicated to water supply. App. 113a. Indeed,
the Corps explicitly recognized that no storage could
be allocated to water supply under the RHA without
“additional Congressional authorization.” App. 145a.
In 1955, for example, Gwinnett County, Georgia, a
county northeast of Atlanta, asked permission to
make withdrawals from Lanier. The Corps refused.
Consistent with its longtime recognition that the
intended water-supply benefit of Lanier was merely
the regulation of the river’s flow, App. 113a, the
Corps concluded “that such withdrawals would affect
the project’s authorized purposes” and that the
county “would have to seek permission from Con-
gress for the withdrawals.” App. 139a-140a.

Beginning in the 1970s, however, “the Corps’s and
the Georgia parties’ definition of water supply in the
Buford project changed considerably.” App. 114a.
Despite its previous acknowledgment that it could
not do so, the Corps began making changes to stor-
age at Lake Lanier, giving priority to local munici-
palities so they could make direct withdrawals from
the lake and withdraw more water downstream. In
1973, the Corps agreed to let Gwinnett County
withdraw up to 40 million gallons per day—an
amount requiring about 40,000 acre-feet of storage—
directly from Lake Lanier. App. 140a. The Corps

4 Two cities were granted the right to withdraw comparatively
small amounts from the lake because the reservoir inundated
their existing water-intake facilities. App. 139a.
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subsequently agreed to let two other Georgia cities,
Cumming and Gainesville, withdraw 10 million and
20 million gallons per day, respectively. App. 141a-
142a. And in the 1980s, the agency agreed to alter
its operations so the Atlanta Regional Commission
(“ARC”) could withdraw 377 million gallons per day
downstream. App. 141a. That contract was based on
the Corps’ determination that it could provide,
incidental to power generation, 327 million gallons
per day with no impact on hydropower. App. 170a-
171a. The Corps agreed to provide releases sufficient
to accommodate up to 50 million gallons per day
above that threshold, thus effectively reallocating
that amount from hydropower to water supply. Id.
All of these contracts expired in 1989 but have
continued as holdover arrangements. App. 142a.

Meanwhile, the Corps was studying how to meet
Atlanta’s growing water needs. In a 1989 report, the
“draft PAC Report,” it suggested formally allocating
a massive amount of Lanier’s storage—207,000 acre-
feet—to local water supply. App. 136a. That would
allow localities to withdraw 151 million gallons per
day from the lake. It also would provide releases so
that localities could withdraw 378 million gallons per
day downstream. App. 175a-176a. The report noted
the Corps’ authority under the WSA, but stated that
approval from Congress might be required because
the allocation exceeded 50,000 acre-feet. App. 18a.
The Corps intended to submit the report to Congress
for approval under the WSA. App. 135a.

The draft PAC Report included a water-control
plan that illustrates the practical effect of such a
dramatic storage reallocation. The plan divided
Lake Lanier’s conservation storage pool into four
levels, or “zones,” by depth. App. 138a. In the zone
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corresponding to the lowest lake levels—i.e., drought
periods—local water supply would be the dominant
purpose, while hydropower was relegated to a “min-
imum level.” Id. In other words, at the very times
when water flow was most critical for downstream
users, the Corps would be operating the reservoir to
benefit Atlanta-area localities instead—a 180-degree
change from Lanier’s original operations.

D. The D.C. Circuit’s Decision in Geren.

In 1990, Alabama filed suit in the Northern Dis-
trict of Alabama to challenge the draft PAC Report
and Georgia localities’ use of Lanier’s storage. App.
143a. More litigation followed. In 2000, a group of
federal power customers filed suit in Washington,
D.C., alleging that the Corps had wrongfully diverted
storage from hydropower generation. App. 145a. In
2001, Georgia sued the Corps in the Northern Dis-
trict of Georgia, seeking to compel the agency to
agree to an even larger reallocation than that in the
draft PAC Report. Id. And in 2008, the City of
Apalachicola sued the Corps in the Northern District
of Florida, alleging that the Corps’ allocation changes
were reducing flows into Florida and damaging
Apalachicola Bay. App. 148a.

The D.C. Circuit’s decision in Geren arose out of the
federal power customers’ lawsuit in D.C. federal
court. In 2003, the Corps, the power customers,
Georgia, and parties aligned with Georgia reached a
proposed settlement in that case. App. 145a-146a.
The settlement would have formally allocated stor-
age in Lake Lanier for Gwinnett County, Gainesville,
and ARC. App. 146a. Under its terms, those three
entities would purchase some 240,000 acre-feet of
storage, some for withdrawals directly from the lake
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and some to enable downstream withdrawals in
amounts greater than those incident to hydropower
generation. Id. The settling parties relied on the
WSA for authority, arguing that the WSA authorized
reallocation for water supply storage and that the
proposed reallocation neither “seriously affect[ed] the
purposes for which the project was authorized” nor
amounted to a “major * * * operational change[.]” 43
U.S.C. § 390b(d); see App. 24a. The D.C. District
Court approved the settlement in 2004 over Florida
and Alabama’s vehement objections. App. 147a.

The D.C. Circuit reversed. Geren, 514 F.3d 1316;
App. 190a-212a. The court observed that the settle-
ment required the Corps to allocate up to “240,858
acre-feet of Lake Lanier’s water storage” to local use.
App. 194a. That was a reallocation of 22 percent if
the water-storage baseline was zero—which the
court concluded it was, given that zero was the
amount allocated to water supply when the lake
began operation—or 9 percent if the baseline was the
existing withdrawals under holdover arrangements.
App. 202a-203a. Either way, such a large realloca-
tion was a “major * * * operational change” requiring
Congressional approval. Id. The court wrote that
“the WSA plainly states that a major operational
change to a project falling within its scope requires
prior Congressional approval.” App. 200a-201a. And
it concluded that “[o]n its face,” reallocating more
than 22 percent of storage “constitutes the type of
major operational change referenced by the WSA[.]”
App. 202a. The same conclusion would obtain if the
reallocation amounted to 9 percent. App. 203a.

The D.C. Circuit reached this conclusion at Chev-
ron step 1, based on the statute’s plain terms, but it
also cited other data points to confirm its holding.
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First, the Corps had acknowledged at oral argument
that a 22 percent reallocation “would be the largest
acre-foot reallocation ever undertaken by the Corps
without prior Congressional approval.” App. 203a.
Second, the Corps itself repeatedly had cast doubt
on, or flatly rejected, the notion that it could make
such massive reallocations without Congressional
approval. The Corps acknowledged in the draft PAC
Report, for example, “that Congressional approval
might be required for reallocation of 207,000 acre-
feet”—a smaller reallocation than the one proposed
in the settlement. App. 201a. And in 2002, “the
Corps rejected Georgia’s request” that about 34
percent of Lanier’s storage be reallocated to local use,
concluding that “Georgia’s request was of a magni-
tude that would ‘involve * * * major operational
changes’ and therefore required prior Congressional
approval.” Id.; see 2002 Corps Memorandum at 1.
That conclusion, the Geren court found, was “con-
sistent with th[e] plain text” of the WSA. Id. The
court concluded:

[R]eallocation of over twenty-two percent (22%) of
Lake Lanier’s storage space * * * is large enough
to unambiguously constitute the type of major op-
erational change for which section 301(d) of the
WSA requires prior Congressional approval. The
same conclusion applies to a reallocation of ap-
proximately nine percent (9%) of Lake Lanier’s
storage space, for it too presents no ambiguity.
[App. 205a].

Judge Silberman concurred. He would have found
that the baseline water storage amount was 13.9
percent—i.e., the amount Atlanta-area localities had
been withdrawing under the holdover arrangements.
App. 211a. He nonetheless found, as the majority
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did in the alternative, that a 9 percent reallocation
was a major operational change. App. 212a.

Georgia sought certiorari, arguing that the D.C.
Circuit had made inappropriate factual findings.
The Corps opposed, pointing out that the D.C. Cir-
cuit’s “interpretation of the Water Supply Act does
not conflict with any decision of * * * any other court
of appeals.” Br. for the Federal Respondents in
Opposition, No. 08-199 (Nov. 17, 2008), 2008 WL
4918013, at *5. Certiorari was denied.

E. The Decision Below.

Meanwhile, the three other Lanier-related lawsuits
were transferred to the Middle District of Florida by
the Judicial Panel on Multi-District Litigation. App.
24a. Following the D.C. Circuit’s remand in Geren,
that action was consolidated with the others.

One of the issues before the District Court was
Georgia’s challenge to a related Corps decision
involving Lake Lanier water storage. Georgia’s
governor asked the Corps in 2000, while two of the
four Lanier-related lawsuits were pending, to reallo-
cate 34 percent of Lanier’s storage to local water
supply—a much larger reallocation than the one the
D.C. Circuit rejected in Geren. App. 178a. The
Corps denied the request. Id.; see 2002 Corps Memo-
randum at 1. It found that Congress did not include
water supply as an authorized purpose at Lanier,
and that “Corps analysis of Georgia’s request indi-
cates that granting it would seriously affect the
purposes for which the project was authorized and
would involve major operational changes.” App. 25a;
2002 Corps Memorandum at 2. It accordingly could
not “be accommodated without additional Congres-
sional authorization.” App. 145a.
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The District Court approved the Corps’ decision.
As it explained, the “fundamental question” was
whether a unilateral Corps decision granting Geor-
gia’s request would have violated the WSA. App.
89a. The court concluded that it would. After a
detailed analysis of the legislative history, the court
agreed that Congress did not include water supply as
an authorized purpose at Lake Lanier. App. 168a. It
also concluded that Geren was entitled to collateral
estoppel effect as to what constituted a “major opera-
tional change”: Because the D.C. Circuit had held
that a 22 percent reallocation would violate the WSA
without Congressional approval, it followed a fortiori
that a 34 percent reallocation required Congressional
approval too. App. 174a-175a.

The Eleventh Circuit reversed. The panel conclud-
ed that the Newman Report and similar documents
contemplate that Lanier would be used for water
supply, and that the amount of water supply might
need to be adjusted over time. App. 45a-57a. From
that premise, the panel concluded that Brigadier
General Newman “intended for water supply to be an
authorized, rather than incidental, use of the water
stored in Lake Lanier.” App. 51a. And because Lake
Lanier’s authorizing statute—the RHA—referred to
a Corps report, and the Corps report in turn incorpo-
rated the Newman Report, the panel concluded that
Congress shared Brigadier General Newman’s in-
tent. App. 47a. Indeed, the panel referred to the
Newman Report itself as the “statutory language”
governing Lake Lanier’s operations. App. 50a.

The Eleventh Circuit then took the leap that set it
at odds with Geren. While Geren had held that the
WSA requires Congressional approval for “major
operational changes,” regardless of the Corps’ under-
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lying authority to adjust allocations, see App. 202a-
203a & n.4, the Eleventh Circuit held just the oppo-
site: that to the extent the Corps had underlying
authority to adjust allocations, those changes would
not count as “changes” at all—much less major
operational changes requiring Congressional approv-
al. App. 65a-67a, 76a-80a. Thus, for example, the
panel wrote that the Corps erred in rejecting Geor-
gia’s request for a 34 percent reallocation because
“[i]t failed to recognize that the [RHA] * * * explicitly
contemplated that the Corps was authorized to
increase water supply usage over time as the Atlanta
area grew and that this increase would not be a
change from Congressionally contemplated opera-
tions at all.” App. 65a (emphasis added). And it
wrote that the Corps should consider only realloca-
tions made “pursuant solely to the WSA”—not reallo-
cations made using the Corps’ purported RHA au-
thority—in deciding whether a change constituted a
“major operational change.” App. 76a n.35. The
panel so concluded based on its view that the WSA
merely “constitutes a supplement to any authority
granted by the 1946 RHA.” App. 13a.

According to the Eleventh Circuit panel, then, the
WSA—and its mandates, such as the Congressional
approval requirement—are a mere second layer of
authority; to the extent the Corps may make opera-
tional changes at Lanier under the RHA, the WSA is
never triggered. Indeed, the panel attempted to
distinguish Geren on that very basis. It wrote that
Geren’s 22-percent-reallocation holding was not
entitled to collateral-estoppel effect because Geren
did not consider the extent of the Corps’ authority
under the RHA. App. 79a. According to the Elev-
enth Circuit, “this difference means that any water
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the Corps finds it is authorized to supply pursuant to
the RHA is separate from the water it is authorized
to supply pursuant to the WSA, and that this RHA-
authorized water supply would not count against the
Geren court’s 22% limit.” Id. (emphasis added).

The Eleventh Circuit remanded to the Corps for a
determination of precisely how much reallocation
authority the agency has when its purported RHA
authority is added to its “supplemental” WSA au-
thority. App. 83a-84a. The court ordered the agency
to make that decision within one year. App. 85a.

REASONS FOR GRANTING THE PETITION

1. The Court should grant the writ, and reverse
the erroneous decision below, because the Eleventh
Circuit “has entered a decision in conflict with the
decision of another United States court of appeals on
the same important matter”—indeed, a decision with
respect to the same body of water. S. Ct. R. 10(a).
The Eleventh Circuit’s decision cannot be reconciled
with the D.C. Circuit’s decision in Geren. It is in
conflict with this Court’s cases. And the divide
between the circuits is one that time alone will not
repair; the conflict will percolate no further because
all cases regarding Lanier have been consolidated in
the Eleventh Circuit. Instead, without this Court
exercising its jurisdiction, the conflict between three
sovereign states as to this body of water will fester.

2. Review also is warranted because the issue on
which the circuits have divided is an important
question of first impression for this Court. The WSA
is of national importance: It fundamentally changed
the way federal reservoirs are used, and the Corps
relies on it to justify water allocations across the
nation. This Court has never construed the WSA.
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And the Eleventh Circuit has now inappropriately
limited it, truncating a provision designed to main-
tain Congressional control over an important nation-
al resource and handing that control to the Corps.
This Court’s guidance is needed.

3. Nor can there be any doubt that this case carries
public ramifications sufficiently important to war-
rant the exercise of certiorari jurisdiction. The case
has driven a wedge between three states. As the
court below recognized, “[t]he stakes are extremely
high” and the case “is of the utmost importance to
the millions of power customers and water users that
are affected by the operations of the project.” App.
84a. Indeed, if the decision below stands, it will have
a profound effect on the ACF Basin because water
reserved for direct withdrawal is not available for
release to support downstream hydropower, naviga-
tion, and ecologies. The writ should be granted.

I. THE DECISION BELOW CONFLICTS WITH A
DECISION OF THE D.C. CIRCUIT AND CANNOT
BE RECONCILED WITH THIS COURT’S CASES.

A. The Decision Below Conflicts With Geren.

1. Certiorari review is warranted here “to resolve a
conflict among the Circuits.” Erica P. John Fund,
Inc. v. Halliburton Co., 131 S. Ct. 2179, 2184 (2011);
S. Ct. R. 10(a). Geren and the decision below ad-
dressed the same question—namely, the extent of
the Corps’ authority to unilaterally alter Lake La-
nier’s storage to provide more water supply for
Georgia residents. And they reached diametrically
opposed conclusions:

 The D.C. Circuit held that WSA Section 301(d)
requires the Corps to obtain Congressional ap-
proval for a “major * * * operational change[ ]” in-
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volving water supply, regardless of the Corps’ au-
thority to adjust water storage allocations as a
general matter. App. 201a-203a. The Eleventh
Circuit, in direct contrast, held that WSA Section
301(d) imposes no such requirement where the
Corps has some independent measure of authority
to adjust storage allocations. App. 75a-76a, 79a.

 The D.C. Circuit held that the WSA restricts
the Corps’ authority to make significant changes
from a reservoir’s original storage allocation with-
out Congressional approval. App. 201a-203a. The
Eleventh Circuit, in direct contrast, held that the
WSA is nothing more than a source of “supple-
mental” authority for the Corps to take such ac-
tions. App. 64a, 83a.

 The D.C. Circuit found that the Corps correct-
ly concluded that the WSA required it to obtain
Congressional approval before reallocating 34 per-
cent of the lake’s storage. App. 201a-202a. The
Eleventh Circuit held that the Corps was wrong to
so conclude. App. 63a-65a. Indeed, the D.C. Cir-
cuit accepted as a correct understanding of the
WSA the very Corps analysis—the 2002 Army
memorandum—that the Eleventh Circuit rejected
and vacated in the decision below. Compare App.
201a-202a (Geren) with App. 63a-65a (opinion be-
low).

That is a “direct conflict.” Stern & Gressman 242.
And it has important implications for the division of
authority between Congress and an agency, as we
discuss infra at 25. That sort of disagreement among
the circuits about the distribution of federal authori-
ty warrants this Court’s review.
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2. The Eleventh Circuit attempted to distinguish
Geren, asserting that “a different issue” was present-
ed in that case because “the Geren court considered
only the Corps’ authority under the WSA, not its
authority under the RHA.” App. 79a. The panel
misunderstood the D.C. Circuit’s opinion. Geren
recognized that the Corps might be able to muster
authority to make some limited water storage reallo-
cations, but it explicitly declined to consider the
question, explaining that it “ha[d] no occasion to
opine whether the Corps’ previous storage realloca-
tions were unlawful.” App. 203a & n.4. Whether the
Corps enjoyed such authority was irrelevant because,
regardless, the WSA was clear: If the Corps desired
to make a major operational change, it needed Con-
gressional approval. App. 200a-203a. The D.C.
Circuit’s conclusion is quite correct, as we discuss
infra at 21. More important for present purposes,
the D.C. Circuit’s analysis is squarely at odds with
the Eleventh Circuit’s holding that the WSA’s “major
operational change” provision is not implicated to the
extent that the Corps has a separate source of au-
thority for water reallocation. Under the Eleventh
Circuit’s decision, the D.C. Circuit engaged in a
pointless exercise in rejecting the far smaller 2004
proposed water reallocation.

3. Review of this circuit split is warranted now
because it is already fully articulated and is unlikely
to deepen or disappear. This is not a situation where
similar cases are working their way through the
Courts of Appeals, making it worthwhile for this
Court to await “ ‘further study’ ” by those intermedi-
ate tribunals. Stern & Gressman 246 (quoting
McCray v. New York, 461 U.S. 961, 963 (1983) (Ste-
vens, J.)). On the contrary, all cases relating to the
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Corps’ WSA authority over Lake Lanier—including
the case on remand from the D.C. Circuit’s decision
in Geren—have been consolidated in the Eleventh
Circuit. App. 26a. That court is the one that created
the circuit split, and it has denied a petition for
rehearing en banc. The divide between the circuits
on the WSA’s scope—and accordingly on the degree
of control Congress can exercise over federally oper-
ated waters—will not be resolved unless this Court
resolves it.5

B. The Decision Below Is Incorrect And In
Conflict With This Court’s Cases.

1. Certiorari review is particularly appropriate
here because the decision below is incorrect and in
conflict with this Court’s teachings. The WSA pro-
vides that storage-related reservoir modifications for
water supply “which would involve major * * * opera-
tional changes shall be made only upon the approval
of Congress as now provided by law.” 43 U.S.C.
§ 390b(d) (emphasis added). That command is
simple and broad, as the D.C. Circuit recognized:
Any time a storage reallocation to water supply
involves “major operational changes,” the Corps
must obtain Congressional approval, full stop. App.
200a-203a. But the Eleventh Circuit held that the
WSA merely “supplement[s]” purported pre-existing
Corps authority to allocate reservoir storage for local
water supply, and that any changes the Corps was
authorized to make under that pre-existing authority

5 Nor could the issue disappear on remand from the Eleventh
Circuit to the Corps. The Corps has been instructed that it
possesses the authority to allocate water under the RHA,
potentially unconstrained by the WHA’s “major operational
change” limitation. That instruction renders whatever the
agency may do on remand necessarily deficient.
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“would not count” in determining whether a major
operational change occurred. App. 79a, 83a. It held,
in other words, that the Corps must seek Congres-
sional approval for a subset of major operational
changes, but not for all of them.

That was error. It is, of course, a “settled princi-
ple[ ] of statutory construction” that if “statutory text
is plain and unambiguous,” courts “must apply the
statute according to its terms.” Carcieri v. Salazar,
555 U.S. 379, 387 (2009). Thus where “[n]othing in
the statutory context requires a narrowing construc-
tion,” none is appropriate; the courts “must give
effect to the text congress enacted.” Ali v. Federal
Bureau of Prisons, 552 U.S. 214, 227 (2008). Here
the WSA requires Congressional approval for “major
* * * operational changes” involving local water-
supply storage. 43 U.S.C. § 390b(d). That means all
major operational changes, not some. As this Court
said in Maine v. Thiboutot, 448 U.S. 1, 4 (1980):
“The question before us is whether the phrase * * *
means what it says, or whether it should be limited
to some subset[.] * * * Given that Congress attached
no modifiers to the phrase, the plain language of the
statute” must govern.

2. The Eleventh Circuit’s contrary conclusion rests
on the notion that if the Corps enjoys authority to
change water allocation to some extent, then any
change it chooses to make using that authority
cannot be “major,” and does not count toward any
calculus of whether a larger change is “major.” App.
65a, 79a; see supra at 15-17. That is simply not so.
As the D.C. Circuit recognized in Geren, whether a
change is “major” is a matter of degree having noth-
ing to do with whether some quantum of change was
authorized. App. 200a-203a.
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The Eleventh Circuit also went further, asserting
that if the RHA authorizes the Corps to reallocate
some storage to water supply, then “such realloca-
tions to water supply arguably do not actually consti-
tute a ‘change’ of operations at all.” App. 80a (em-
phasis added); see also App. 65a (asserting that the
RHA “explicitly contemplated” that Corps increases
to water-supply storage at Lake Lanier “would not be
a change from Congressionally contemplated opera-
tions at all”). But a change is a change. If the Corps
alters the allocation of storage in a reservoir, that is
a “change,” even if the Corps enjoyed authority under
a pre-WSA statute to order it. The Eleventh Cir-
cuit’s attempt to conflate change with authority is
nonsensical. Under the court’s reasoning, someone
who changes his name has not actually “changed” it,
so long as he received prior permission to do so.

The Eleventh Circuit thought its truncated reading
of the WSA appropriate because—according to that
court—the WSA merely provides additional realloca-
tion authority on top of that provided by the RHA.
App. 13a, 68a. The Eleventh Circuit was incorrect
about the reallocation authority provided by the
RHA, as we discuss below. But assuming arguendo
that the RHA did provide the Corps with reallocation
authority, the Eleventh Circuit’s conclusion still
would not follow. Imagine that the RHA were far
more explicit than it actually is about the Corps’
authority—that it provided, for example, that “the
Corps is authorized to allocate storage to water
supply at Lake Lanier.” In that scenario the Corps
might not need Congressional approval to make
operational changes, but it still would need Congres-
sional approval for “major * * * operational changes.”
43 U.S.C. § 390b(d) (emphasis added). The code
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could be read to “give effect to both provisions,” and
accordingly it must be so read. Ricci v. DeStefano,
129 S. Ct. 2658, 2674 (2009); accord Morton
v. Mancari, 417 U.S. 535, 551 (1974) (“[W]hen two
statutes are capable of co-existence, it is the duty of
the courts * * * to regard each as effective.”). The
Eleventh Circuit’s contrary conclusion was error.

3. The opinion below also is erroneous for a second
reason: The RHA does not confer on the Corps the
authority to reallocate Lake Lanier’s storage for
water supply, as the District Court correctly recog-
nized. In an exercise of legislative history run riot,
the Eleventh Circuit plucked snippets from various
Army Corps reports—which it referred to, inaccu-
rately, as the “statutory language”—and concluded
that local water supply was an “authorized * * * use
of the water stored in Lake Lanier.” App. 50a-51a.
But even if the Eleventh Circuit were correct about
that—which it was not—it would not follow that the
RHA provides the Corps the authority to reallocate
water storage for that use. In fact, as the District
Court found, a fair reading of the contemporaneous
Corps documents reveals that “the water-supply
benefit discussed throughout the legislative history”
is merely “the regulation of the river’s flow.” App.
113a (emphasis added). The RHA, in other words,
contemplated that Atlanta would receive a more
regular supply of water from the Chattahoochee
River due to the Corps’ regular releases from Buford
Dam for electrical power generation. That is a far
cry from providing the Corps authority to alter
storage allocations and to thereby enable massive
withdrawals of reservoir water for local water-supply
uses. The RHA and the reports to which it refers say
nothing about storage for water supply, as the Corps
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itself consistently recognized in the decades after the
RHA’s enactment. See supra at 9.

II. THE QUESTION PRESENTED IS AN ISSUE OF
FIRST IMPRESSION INVOLVING AN IMPOR-
TANT FEDERAL STATUTE.

Certiorari review is appropriate to resolve “im-
portant” statutory questions “of first impression in
this Court,” Reading Co. v. Brown, 391 U.S. 471, 475
(1968)—especially when the lower court’s decision
bears directly on “the scope of the [agency’s] authori-
ty,” Hodgson v. Local Union 6799, 403 U.S. 333, 336
(1971), and runs counter to the agency’s long-held
view of its statutory powers. See, e.g., Morton
v. Ruiz, 415 U.S. 199, 202 (1974) (granting certiorari
“because of the vigorous assertion that the judgment
of the Court of Appeals was inconsistent with long-
established [agency] policy”).

This case meets that description in full. The WSA
is an important statute—it ushered in a fundamental
change in federal water-supply policy, and the Corps
has relied on it to reallocate storage at nearly four
dozen reservoirs6—and yet this Court has never
construed it. And the decision below certainly bears
on “the scope of the [Corps’] authority” under the
WSA. Hodgson, 403 U.S. at 336. Indeed, it dramati-
cally expands that authority, altering the balance of
power between Congress and a federal agency.
Under the WSA as written, Congress must ensure
that storage reallocations that constitute a “major
operational change” always meet with its approval—
a sensible approach, given the sweeping significance

6 Congressional Research Serv., Using Army Corps of Engi-
neers Reservoirs for Municipal & Industrial Water Supply:
Current Issues 2 (Jan. 4, 2010).
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of water-storage policies, the intricate balancing that
must take place between a variety of interests, and
the impacts on downstream states. But under the
Eleventh Circuit’s novel interpretation, there will be
a subset of reallocations that work a “major opera-
tional change” under the plain meaning of that
term—and yet Congress will have no opportunity to
sign off. That approach allows “the administrative
agency [to] usurp[ ] the legislative function” by
arrogating to itself a decision-making role Congress
explicitly chose not to delegate. Textile Mills Sec.
Corp. v. Commissioner, 314 U.S. 326, 338 (1941).

Finally, the judgment of the Court of Appeals is
“inconsistent with long-established [agency] policy.”
Morton, 415 U.S. at 202. For more than four
decades, the Corps consistently explained that a
reallocation to local water supply at Lake Lanier—
and especially a reallocation of the magnitude sought
by Georgia here—“would require Congress’s
approval” under the WSA. App. 166a; see also App.
140a. It reiterated that conclusion in the 2002
memorandum rejecting Georgia’s request. App. 25a.
The Eleventh Circuit’s decision is manifestly at odds
with that longtime agency understanding of its own
authority. And the court’s novel approach has the
potential to upset settled expectations across the
country: If the Corps can rely on snippets from
yellowed engineering reports to blow past the WSA’s
limits, then it can fundamentally alter storage
allocations at reservoirs nationwide without seeking
Congress’s imprimatur. That is not what Congress
envisioned when it carefully calibrated how
reservoirs were to be used and placed a hard cap on
the Corps’ authority to make unilateral changes.
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III. THE COURT SHOULD RESOLVE THIS MASS-
IVE CROSS-BORDER DISPUTE INVOLVING
THREE SOVEREIGN STATES AND MILLIONS
OF WATER USERS.

Even aside from the stark—and static—conflict
between two appellate courts over the extent of the
Corps’ authority to reallocate water storage, this case
is sufficiently important to warrant the Court’s
exercise of certiorari jurisdiction. Three states have
been fighting over a critical resource for decades,
billions of dollars are at stake, and there is no end in
sight. The Court’s guidance is necessary here, just
as it is in original-jurisdiction cases involving water
rights, to resolve a “controvers[y] between sovereigns
which involve[s] issues of high public importance.”
United States v. Texas, 339 U.S. 707, 715 (1950).

1. This Court often grants certiorari where the
case presents a dispute of public importance. Phar-
maceutical Research & Mfrs. v. Walsh, 538 U.S. 644,
650 (2003); McGee v. Int’l Life Ins. Co., 355 U.S. 220
(1957). Specifically, the Court has long recognized
that cases involving allocation of natural resources,
including land and water, merit its careful review.
United States v. Coleman, 390 U.S. 599, 601 (1968).

This is such a case. Millions of people rely on the
water flowing from Lake Lanier. That water is
“critically important to communities throughout the
region as a primary source of drinking water, hydroe-
lectric power, and local impoundment, as well as
industrial transportation, recreation and many other
uses.” Stephenson, supra, at 84. It presently pro-
vides the primary water source for metro Atlanta’s
4.5 million people. See supra at 5. It is a crucial
resource for southeastern Alabama. See supra at 6.
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And in Florida, it is the lifeblood of the highly pro-
ductive Apalachicola River and Apalachicola Bay.

The Apalachicola River requires vigorous flows to
support a diverse array of wildlife, including com-
mercially important fish populations and a number
of endangered and threatened species. See Docket
No. 193 Exh. 2 at 4-8, In re MDL-1824 Tri-State
Water Rights Litigation, No. 3:07-md-01 (M.D. Fla.
Jan. 23, 2009) (“Light Declaration”). The Bay, for its
part, “is an exceptionally important nursery area for
the Gulf of Mexico.” Florida Dep’t of Envtl. Protec-
tion, About the Apalachicola National Estuarine
Research Reserve & Associated Sites.7 “Over 95% of
all species harvested commercially and 85% of all
species harvested recreationally in the open Gulf
have to spend a portion of their life in estuarine
waters.” Id. And that productivity “is dependent on
the Apalachicola River to carry fresh water and
essential nutrients downstream to feed estuarine
organisms.” Apalachicola Riverkeeper, Apalachicola
River & Bay Facts.8 As one commentator observed,
“the recreational fishing industry in the eastern
Gulf, which accounts for an economy of several
billion dollars annually, owes much of its success” to
the conditions created by the Apalachicola’s flows.
J.B. Ruhl, Water Wars, Eastern Style: Divvying Up
the Apalachicola-Chattahoochee-Flint River Basin, J.
Contemp. Water Res. & Educ. (June 2005), at 47.
That is why Florida has invested hundreds of mil-
lions of dollars to protect the ecological integrity of
the River and Bay. See, Docket No. 193 Exh. 3 at 3-

7 Available at http://www.dep.state.fl.us/coastal/sites/ apala-
chicola/info.htm.

8 Available at http://www.apalachicolariverkeeper.org/ Apala-
chicola%20River%20and%20Bay%20Facts.pdf.
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4, In re MDL-1824 Tri-State Water Rights Litigation,
No. 3:07-md-00001 (M.D. Fla. Jan. 23, 2009).

The reallocation requested by Georgia would se-
verely strain these resources and undermine Flori-
da’s investment. The Eleventh Circuit itself has
recognized that much of the “water released for
municipal purposes is consumed and not discharged
into the river,” and that such withdrawals “have a
practical effect” upon flows at points south. Georgia,
302 F.3d at 1251-52. The District Court in this case
found that “low flows in the Apalachicola River are
at least to some extent caused by the Corps’s opera-
tions in the [river] basin” and that “those low flows
cause harm to the creatures that call the Apalachico-
la home.” App. 157a. Indeed, those low flows “harm
not only wildlife,” but also “navigation, recreation,
water supply, water quality, and industrial and
power uses downstream.” Id.

It also is not simply Georgia’s use of Lake Lanier’s
reallocated water that causes ill effects downstream;
it is the storage reallocation itself. When the Corps
structures its operations to retain water in Lake
Lanier and release it for local water supply instead of
for hydropower, that affects how much water flows
downstream, and at what intervals. The resulting
low-flow conditions lead to devastating consequences
for the ecology and species of the Apalachicola River
and Bay. Among other things, they eliminate those
water bodies’ hydrologic connections to stream and
marshland habitats—thus cutting many species of
fish off from habitats they must access to survive—
and increase salinity in the Bay and portions of the
River. Light Declaration at 4-7.
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2. These sorts of impacts explain why all parties
agree this is a singularly important case. Respond-
ent Georgia told this Court, in the course of seeking
review in Geren, that “[h]ow the storage capacity of
Lake Lanier is to be allocated between conflicting
interests is an issue of vital importance to the State
of Georgia, the Water Supply Providers, the Power
Customers, and the Corps.” Pet. for a Writ of Certio-
rari, No. 08-199 (Aug. 13, 2008), 2008 WL 3833287,
at *16. Georgia told the court below that “a failure to
allocate storage in Lake Lanier to water supply
would cost Georgia 680,000 jobs, $127 billion in
wages, and $8.2 billion in state revenues.” Br. for
Appellants 81, In re: MDL-1824 Tri-State Water
Rights Litigation, Nos. 09-14657-G et seq. (11th Cir.
Mar. 31, 2010). And Georgia asserted that any
ruling requiring the Corps to go to Congress for
reallocation approval would impose “massive,” “dev-
astating,” “staggering,” and “crippling” harm on the
Georgia parties. Id. at 77-78. Respondents thus can
hardly deny that this case has “importance warrant-
ing certiorari review.” Stern & Gressman 268.

* * *

This is a momentous case for all concerned. If it
involved a direct contest among the three States for
equitable allocation, there is little doubt that the
Court would view it as justifying invocation of this
Court’s original jurisdiction, for it is “a dispute
between States of such seriousness that it would
amount to casus belli if the States were fully sover-
eign.” South Carolina v. North Carolina, 130 S. Ct.
854, 869 (2010) (Roberts, C.J., concurring in part and
dissenting in part) (quoting Texas v. New Mexico, 462
U.S. 554, 571 n.18 (1983)). The same rationale
militates in favor of certiorari review here.
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CONCLUSION

For the foregoing reasons, the petition for a writ of
certiorari should be granted.
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APPENDIX A

In the

UNITED STATES COURT OF APPEALS
FOR THE ELEVENTH CIRCUIT

No. 09-14657

In Re:

MDL-1824 TRI-STATE WATER RIGHTS
LITIGATION.

-------------------

Appeals from the United States District Court
For the Middle District of Florida

-------------------

(June 28, 2011)

Before MARCUS and ANDERSON, Circuit Judges,
and MILLS,* District Judge.

PER CURIAM:

The Georgia Parties,1 Gwinnett County, Georgia,
and the United States Army Corps of Engineers (“the
Corps”) appeal from the Middle District of Florida’s
grant of summary judgment in this consolidated suit.
The appeal arises from more than 20 years of litiga-
tion involving the above parties as well as the States
of Alabama and Florida, Alabama Power Company,

* Honorable Richard Mills, United States District Judge for
the Central District of Illinois, sitting by designation.

1 The designation “Georgia Parties” refers to the State of
Georgia, the City of Atlanta, Fulton County, DeKalb County,
the Cobb County-Marietta Water Authority, the City of Gaines-
ville, the Atlanta Regional Commission, and the Lake Lanier
Association. Gwinnett County, Georgia appeals separately and
is not included in this denomination.
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the City of Apalachicola, Florida, and Southeastern
Federal Power Customers, Inc. (“SeFPC”), a consor-
tium of companies that purchase power from the
federal government. All of the underlying cases2

relate to the Corps’ authority to operate the Buford
Dam and Lake Lanier, the reservoir it created, for
local water supply. In its order, the district court
found that the Corps’ current operation of the Buford
Project—Buford Dam and Lake Lanier collectively—
had allocated more than 21% of Lake Lanier’s stor-
age space to water supply. The court determined that
such an allocation exceeded the Corps’ statutory
authority and ordered the Corps to drastically reduce
the quantity of water that it made available for
water supply. The court’s summary judgment order
also affirmed the Corps’ rejection of Georgia’s 2000
request for additional water supply allocations to
meet the needs of the localities through 2030. The
court stayed its order for three years to give the
parties time to reach a settlement or to approach
Congress for additional water supply authority.

On appeal, the parties argue several jurisdictional
matters. Alabama and Florida3 contend that this
Court does not have appellate jurisdiction to hear the

2 The four underlying cases are Alabama v. United States
Army Corps of Engineers; Southeastern Federal Power Custom-
ers, Inc. v. Caldera; Georgia v. United States Army Corps of
Engineers; and City of Apalachicola v. United States Army
Corps of Engineers.

3 The State of Alabama, the State of Florida, Alabama Pow-
er Company, and the City of Apalachicola have written a joint
brief in this case. The designation “Alabama and Florida” refers
to all four parties. The designation “Appellees” in this opinion
refers to these four parties and SeFPC. The Corps is also an
appellee in Georgia, but for the sake of clarity it will always be
referred to by name.
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appeal of three of the four underlying cases because
there is no final judgment in the cases and pendent
jurisdiction is inappropriate. The Georgia Parties
and the Corps argue that the district court lacked
jurisdiction over these three matters because there
was no final agency action, and, therefore, the Ad-
ministrative Procedures Act (“APA”) did not provide
for judicial intervention at this juncture.

The parties also assert a number of substantive
claims. The Georgia Parties argue that the district
court erred by concluding that the Corps lacked
authority to allocate substantial quantities of storage
in Lake Lanier to water supply on the basis of the
legislation that authorized the creation of the Buford
Project, the 1946 Rivers and Harbors Act (“RHA”),
Pub. L. No. 79-525, 60 Stat. 634 (1946). Although not
in agreement with the Georgia Parties that water
supply for the Atlanta area is an authorized project
purpose under the RHA, the Corps does argue that
the district court underestimated its authority to
accommodate the water supply needs of the Atlanta
area. The Georgia Parties and the Corps both assert
that the district court erred by misinterpreting the
scope of the Corps’ authority under the 1958 Water
Supply Act. The Georgia Parties and the Corps urge
this Court to remand the case to the agency to make,
in the first instance, a final determination of its
water supply authority. Gwinnett County also indi-
vidually asserts statutory, constitutional, and con-
tractual claims relating to authority granted to it for
its current withdrawals from Lake Lanier.

For the reasons explained below, we hold: First, the
district court erred in finding that it had jurisdiction
to hear Alabama, SeFPC, and Apalachicola because
the Corps has not taken final agency action. The
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three cases therefore must be remanded to the Corps
in order to take a final agency action. Second, the
district court and the Corps erred in concluding that
water supply was not an authorized purpose of the
Buford Project under the RHA. The Corps’ denial of
Georgia’s 2000 water-supply request is therefore not
entitled to Chevron deference, and the request must
be remanded to the Corps for reconsideration. Third,
the district court erred in finding that the 1956 Act,
which authorized the Corps to contract with Gwin-
nett County to withdraw 10 million gallons of water
per day, expired after 50 years. Gwinnett County’s
contractual and just-compensation claims are with-
out merit. Fourth, we also provide certain instruc-
tions to the Corps on remand. And finally, the Corps
shall have one year to make a final determination of
its authority to operate the Buford Project under the
RHA and WSA. Our opinion is organized as follows:

Part I. Jurisdictional Matters

A. Appellate Jurisdiction over Alabama,
SeFPC, and Apalachicola

B. Final Agency Action in Alabama, SeFPC,
and Apalachicola

Part II. Georgia’s 2000 Request: The Corps’ Water
Supply Authority Under the RHA

Part III. Georgia’s 2000 Request Must Be Remand-
ed to the Corps

Part IV. Gwinnett County’s Claims Not Involving
Authorization Under the RHA and WSA

A. The Expiration of the 1956 Act

B. Forty MGD from the 1974 Supplemental
Agreement to the Corps’ Contract
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C. Just Compensation for Relocation of the
Duluth Intake

Part V. Remand Instructions to the Corps

Part VI. Collateral Estoppel Effects on Remand
Instructions

Part VII. One-Year Time Limit on Remand

Conclusion

FACTS AND PROCEDURAL HISTORY

The facts of this appeal are intertwined with the
history of Buford Dam and Lake Lanier. Buford Dam
sits on the Chattahoochee River, approximately forty
miles upstream of Atlanta. The Chattahoochee’s
headwaters are in Northeastern Georgia in the Blue
Ridge Mountains. The river flows southwest to
Columbus and then along much of the length of the
Georgia–Alabama border and into the Florida Pan-
handle, where it combines with the Flint River to
form the Apalachicola River. The Chattahoochee,
Flint, and Apalachicola Rivers together are referred
to as the ACF Basin.

The Corps first began surveying the ACF Basin for
suitable sites for hydroelectric facilities at the re-
quest of Congress in 1925. River and Harbor Act of
1925, Pub.L. No. 68–585, ch. 467, 43 Stat. 1186, 1194
(Mar. 3, 1925). As a result of this survey, the Corps
produced a report in 1939. See H.R. Doc. No. 76–342
(1939) [hereinafter “Park Report”]. The Park Report
analyzed eleven projects at various stages of devel-
opment in the ACF basin, including one at Roswell,
Georgia, sixteen miles north of Atlanta. Id. ¶ 196.
District Engineer Colonel R. Park, the report’s
author, referred to transportation, hydroelectric
power, national defense, commercial value of ripari-
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an lands, recreation, and industrial and municipal
water supply as “principal direct benefits” of the
various projects under consideration. Park Report ¶
243. Col. Park noted that at the time the Atlanta
area had no immediate need for increased water
supply, though such a future need was “not improba-
ble.” Park Report ¶ 260. He stated that a large
reservoir might have value as “an assured continu-
ous water supply” due to the “continued rapid growth
of the area.” Id. Though he assigned the other direct
benefits a monetary value, he declined to do so for
water supply, presumably because the benefit of this
purpose, unlike all of the others, could only accrue in
the future, rendering any valuation at that time
speculative. Congress adopted the Corps’ proposals
in the Park Report in full in its 1945 RHA. Pub.L.
No. 79–14, 59 Stat. 10, 17 (1945).

In 1946, the Corps, in its “Newman Report,” rec-
ommended certain amendments and revisions to the
original plan for the ACF system, including combin-
ing several of the hydroelectric sites near Atlanta
into one large reservoir at Buford, Georgia to in-
crease power generation and to better regulate flows
downstream. H.R. Doc. No. 80–300, ¶ 69 (1947)
[hereinafter “Newman Report”]. Division Engineer
Brigadier General James B. Newman noted that the
Chattahoochee River would be an excellent source of
hydropower. Newman Report ¶ 7. According to
Newman, a large reservoir—what would become
Lake Lanier—was needed to make the locks and
dams downstream more effective. The Newman
Report noted that the proposed dam at Buford would
be valuable for the purpose of flood control because of
the frequent flooding in the basin and the severe
damage that previous floods had caused. The report
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also explained that the various dams in the proposal
would help keep flows continuous. These continuous
flows would benefit navigation because they would
allow barges to travel from Atlanta to Columbus and
beyond, and they would assure a source of water
supply for the City of Atlanta. Just as the Park
Report had done before it, the Newman Report
attempted to quantify the value of the benefits of the
project. Only three value-calculated benefits were
listed: power, navigation, and flood control. Id. ¶ 98,
Table 10. It is probable that Newman, like Park,
deemed there to be no immediate benefit from water
supply, rendering any benefit purely prospective and
any valuation of this benefit entirely speculative.

The Newman Report, at several junctures, spoke of
the benefit that the dam would provide for water
supply. The report concluded that the project would
“greatly increase the minimum flow in the river at
Atlanta,” which would safeguard the city’s water
supply during dry periods. Id. ¶68. In discussing the
operation of the dam, the Newman Report noted that
releases of 600 cubic feet per second (“cfs”) should be
made during off-peak hours4 in order to ensure a
continuous flow of the river at Atlanta of not less
than 650 cfs, even though this flow would have a
slight detrimental effect on power generation. The
report noted that this “minimum release may have to
be increased somewhat as the area develops.” Id. ¶
80. The Report expected that any decrease in power
value would be marginal and outweighed by the

4 Off-peak hours are those time periods when the demand for
power is relatively low. Hydroelectric plants attempt to mini-
mize the amount of water released during off-peak hours so
that power generation can operate at maximum levels during
peak hours when the demand for power is high.
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benefits of an “assured” water supply for the City of
Atlanta. Id. The 1946 RHA stated that the project
would be “prosecuted * * * in accordance with the
report of the Chief of Engineers, dated May 13,
1946,” Pub.L. No. 79–525, 60 Stat. 634, 635 (1946).
Because that report incorporated the Newman
Report in full, the Newman Report became part of
the authorizing legislation for the project.

Congress continued to consider the purposes of the
Buford Dam in debates about appropriations bills for
the project’s funding. The purposes mentioned most
frequently in Congressional hearings were power,
navigation, and flood control, but water supply was
also discussed with some frequency. Then-mayor of
Atlanta, William Hartsfield testified before a Senate
subcommittee that water from the Chattahoochee
was “necessary” but that Atlanta did not immediate-
ly need the water in the same manner as cities in
more arid locations. Civil Functions, Dep’t of the
Army Appropriation Bill 1949: Hearing Before the
Subcomm. of the S. Comm. on Appropriations, 80th
Cong. 644 (statement of William B. Hartsfield,
Mayor, Atlanta, Georgia). Congress debated whether
Atlanta should be asked to contribute part of the cost
of building the Buford Dam. Corps officer Colonel
Potter testified that the Corps was not recommend-
ing that Atlanta be asked to pay because the services
that would be provided in the field of water supply
were all incidental to the purposes of hydropower
and flood control and would “not cost the Federal
Government 1 cent to supply.” Civil Functions, Dep’t
of the Army Appropriations for 1952: Hearings Before
the Subcomm. of the H. Comm. on Appropriations,
82d Cong. 121–122 (1951) (exchange between Rep.
Gerald Ford, Member, H. Comm. on Appropriations,
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and Col. Potter, Corps officer). Congressman Gerald
Ford presciently asked Colonel Potter whether it was
foreseeable that one day in the future Atlanta would
begin to request greater amounts of water from the
project. Id. at 122. Col. Potter responded that the
Corps would have to study the effect that such a
request would have on power production. He said
that the Corps would have to obtain additional water
supply authorization if a request amounted to “a
major diversion of water.” Id. Ultimately, Atlanta
was never asked to, and did not, contribute to the
construction costs.

The Corps released its “Definite Project Report” for
the project in 1949. The report provided a detailed
discussion of the plans for the Buford Project and its
operations. The report referred to flood control,
hydroelectric power, navigation, and an increased
water supply for Atlanta as “the primary purposes of
the Buford project.” U.S. Army Corps of Eng’rs:
Mobile District, Definite Project Report on Buford
Dam Chattahoochee River, Georgia, ¶ 48 (1949)
[hereinafter “Definite Project Report”]. A later pas-
sage in the report referred to flood control, power
generation, navigation, and water supply as “princi-
ple purposes of the Buford project.” Id. ¶ 115. The
report concluded by calculating and explaining the
benefits of the various project purposes. As to water
supply, it explained that the project would result in
“[a] real benefit,” but it did not estimate the mone-
tary value because “definite evaluation of this benefit
cannot be made at this time.” Id. ¶ 124.

Buford Dam was constructed from 1950 to 1957,
creating the reservoir known today as Lake Sidney
Lanier. The Southeastern Power Administration
(“SEPA”), the federal government agency from which
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SeFPC purchases the power generated at the dam,
paid approximately $30 million of the $47 million of
construction costs. The creation of Lake Lanier
inundated the water intake structures of the Cities
of Buford, Georgia and Gainesville, Georgia. As a
method of compensation, the Corps signed relocation
agreements with the two municipalities authorizing
water withdrawals directly from the reservoir—these
agreements allowed Gainesville to withdraw 8 mil-
lion gallons per day (“mgd”)5 and Buford 2 mgd.6

Although no storage7 was specifically allocated for
water supply, the fact that the dam operated during
“off-peak” hours, to the detriment of power genera-
tion, demonstrated that downstream water supply
was a consideration. In accordance with the recom-
mendations of the Newman Report, the Corps main-
tained the necessary minimum river flow at Atlanta
by making off-peak releases of 600 cfs during these
hours of the week.

During construction of the dam, Gwinnett County
requested permission from the Corps to withdraw 10
mgd directly from Lake Lanier. The Corps denied the
request, explaining that the approval of Congress
was required for it to meet such a request. In 1955,
the Corps stated to Congress that the proposed
withdrawals would be in the public interest and

5 A contract to this effect was entered into on June 22, 1953.
Contract Between the United States of America and City of
Gainesville, Georgia for Withdrawal from Lake Sidney Lanier.

6 A contract to this effect was entered into on December 19,
1955. Contract Between the United States of America and City
of Buford, Georgia for Withdrawal from Lake Sidney Lanier.

7 Storage refers to the amount of space in Lake Lanier dedicat-
ed to a particular project purpose. Lake Lanier is the reservoir
for the Buford Project and provides space sufficient to store
approximately 2.5 million gallons of water.
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would not have a materially adverse effect on down-
stream interests or power output. F.G. Turner, Ass’t
Chief, Eng’g Div., U.S. Army Corps of Eng’rs: Mobile
District, Report on Withdrawal of Domestic Water
Supply from Buford Reservoir ¶ 1 (1955). The follow-
ing year, Congress passed a law that granted the
Corps authority to enter into a contract with Gwin-
nett County for the allocation of 11,200 acre-feet of
storage for regulated water supply and granted the
county an easement across government property for
the construction and maintenance of a pumping
station and pipelines. Pub. L. No. 84–841, 70 Stat.
725 (1956).

Construction was completed in 1957. Lake Lanier
covers 38,000 acres and has 692 miles of shoreline.
The large size of the lake allows for a substantial
benefit in the form of recreation.

Lake Lanier is divided into three tiers, or pools,
divided by elevation. The first tier extends from the
bottom of the lake, at an elevation of 919 feet above
sea level, to an elevation of 1,035 feet. This tier holds
867,600 acre-feet of “inactive” storage. The inactive
pool is generally left untouched and saved for in-
stances of severe drought. The next tier extends from
an elevation of 1,035 feet to an elevation of 1,070 feet
(1,071 feet in the summer) and contains 1,049,000
acre-feet (1,087,600 acre-feet in the summer) of
conservation storage. The conservation pool general-
ly provides the water that is used for all downstream
purposes. The Newman Report contemplated that
conservation storage would be used primarily for
hydropower and repeatedly referred to it as storage
for power. The final tier extends from an elevation of
1,070 feet (1,071 feet in the summer) to an elevation
of 1085 feet. This tier provides 598,800 acre-feet of
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flood storage. The flood pool is generally left empty
so that it can accommodate excess water during flood
conditions.

Buford Dam was constructed to release water from
Lake Lanier through a powerhouse that generates
hydropower. The powerhouse contains three tur-
bines. Two of the turbines are large and release
about 5,000 cfs when running. These two turbines
operate during peak hours, when energy consump-
tion is at its greatest. They are the most efficient
source of power generation—generating 40,000
kilowatt hours (“kwh”) originally and 60,000 kwh
after improvements in 2004—and would be the only
turbines used if a minimum off-peak flow at Atlanta
were not a project concern. To accommodate this
concern, the powerhouse also contains a third, small-
er turbine which releases 600 cfs, generating approx-
imately 7,000 kwh. At peak performance, the dam
releases approximately 11,000 cfs of water into the
river. However, when energy demand is low—so-
called off-peak hours—only the small turbine is
operated, allowing the dam to produce some energy
while providing for a minimal continuous flow. The
Corps can also release water through a small sluice
gate, but this is typically done only when the small
turbine is shut down for repairs or in cases of an
emergency. In this manner, Buford Dam was de-
signed to generate maximum power while also ensur-
ing a minimum continuous flow of water downstream
to accommodate water supply.

In 1958, Congress passed the Water Supply Act
(“WSA”). The statute was designed to allocate some
storage in multi-purpose projects like Buford to
water supply. The policy underlying the statute was:
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to recognize the primary responsibilities of the
States and local interests in developing water sup-
plies for domestic, municipal, industrial, and other
purposes and that the Federal Government should
participate and cooperate with States and local
interests in developing such water supplies in con-
nection with the construction, maintenance, and
operation of Federal navigation, flood control, irri-
gation, or multiple purpose projects.

43 U.S.C. § 390b(a) (2011). To further that policy,
Congress authorized the Corps to allocate storage in
federal reservoirs for water supply, provided that the
localities paid for the allocated storage. Id. § 390b(b).
However, Congress placed the following limitation on
its authorization:

Modifications of a reservoir project heretofore
athorized, surveyed, planned, or constructed to
include storage as provided by subsection (b) of this
section which would seriously affect the purposes for
which the project was authorized, surveyed,
planned, or constructed, or which would involve
major structural or operational changes shall be
made only upon the approval of Congress as now
provided by law.

Id. § 390b(d) (emphasis added). The policy of sub-
section (a) indicates that Congress aimed only to
expand water supply allocations, not contract them
by limiting previous authorizations. The articulation
of the bounds of the statute’s authorization makes no
mention of a limit on previously granted water
supply authorization. In the case of Buford, the
WSA’s grant of authority for water supply consti-
tutes a supplement to any authority granted by the
1946 RHA.

http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000546&cite=43USCAS390B&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_8b3b0000958a4
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000546&cite=43USCAS390B&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_a83b000018c76
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In 1959, the Corps issued its Reservoir Regulation
Manual for Buford Dam (“Buford Manual”) as an
appendix to the Corps’ 1958 manual for the entire
river basin. U.S. Army Corps of Eng’rs: Mobile
District, Apalachicola River Basin Reservoir Regula-
tion Manual, Appendix B (1959). The Buford Manual
has not been updated and remains in effect today.
The manual describes the technical features of the
dam, including a description of the three tiers and
their storage capacities, the size of Lake Lanier, and
the general operation of the plant. It states that the
project will be run to maximize releases of water
during peak hours but will also utilize off-peak
releases in order to maintain a minimum flow of 650
cfs at Atlanta.8 Id. at B–13. The manual makes
multiple mentions of regulations that are designed to
ensure this minimum flow. Id. at B–18–19, B–22.

There was very little change in water supply opera-
tions at the Buford Project between 1960 and 1973.
Only Gainesville and Buford withdrew water directly
from Lake Lanier. Gwinnett, with which the Corps
was authorized to contract, did not withdraw water
directly from the reservoir. In the meantime, the
City of Atlanta and DeKalb County withdrew water
from the river downstream from the dam but made
no recorded requests that the schedule of releases be
altered to accommodate their needs. The Atlanta
metropolitan area increased its water use from the
Chattahoochee by 37% (from 117 mgd to 160 mgd)
between 1960 and 1968. U.S. Army Corps of Eng’rs:
Mobile District, Final Environmental Impact State-
ment: Buford Dam and Lake Sidney Lanier, Georgia

8 The Manual categorizes 7 a.m.–11 p.m. on weekdays, 7 a.m.–
10 p.m. on Saturday, and 9 a.m.–2 p.m. on Sunday as peak
hours (for a total of 100 peak hours per week).
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(Flood Control, Navigation and Power), Statement of
Findings 14 (1974). This amount was still well below
the amount released by the Corps to maintain a
minimum off-peak flow. Moreover, between 1956 and
1969, the number of residences within two and a
quarter miles of the reservoir doubled. Id. at 15. The
growing water needs of Atlanta came to the attention
of the Senate, which in 1973 commissioned the
Metropolitan Atlanta Area Water Resources Man-
agement Study (“MAAWRMS”) to develop a plan for
the long-term needs of the Atlanta area. The study
was conducted by the Corps, the Atlanta Regional
Commission (“ARC”), the State of Georgia, and the
U.S. Environmental Protection Agency in combina-
tion.

By the 1970s, it became clear that area localities
desired greater access to water in Lake Lanier. The
Corps determined that it could not grant permanent
water allocation rights to the localities before the
completion of the MAAWRMS. While the study was
being performed, the Corps entered into a number of
interim contracts for water withdrawal. The first
water supply contract was given to Gwinnett County
and allowed for the withdrawal of up to 40 mgd
directly from Lake Lanier during the course of the
study. Contract of July 2, 1973, Gwinnett Record
Excerpts vol. 1, ACF004024. The contract cited the
WSA for authority and was based on findings of the
Corps’ District Engineer that the proposed with-
drawals would not have significant adverse affects on
the other authorized purposes of the project. No
mention was made of the 1956 Act, possibly because
the Act authorized only 10 mgd and thus would not
have been sufficient authority for the Corps’ actions.
In 1975, the county informed its bond investors that



16a

the construction costs alone for its water supply
facilities would be $28 million.

In 1975, the Corps concluded, and SEPA agreed,
that the Buford Project could supply an annual
average of 230 mgd of water for downstream with-
drawal (with a maximum of 327 mgd in the summer)
without significantly affecting hydropower genera-
tion. The Corps revised this number in 1979, con-
cluding that by scheduling additional peak weekend
releases it could raise the annual average to 266 mgd
as an incident of power generation. In 1986, the
Corps would again raise the figure for available
water supply downstream incident to power genera-
tion, concluding that it could guarantee an annual
average of 327 mgd by implementing a new water
management system that had been proposed in the
MAAWRMS.

The final report of the MAAWRMS was issued in
September 1981. The report evaluated three alterna-
tive plans for dealing with Atlanta’s increasing long-
term water supply needs. The first alternative was to
build a reregulation dam 6.3 miles below the Buford
Dam. This new dam would store outflows released
from Buford during peak operations and release
them as needed for water supply. The study found
that this alternative had the highest estimated ratio
of benefits to costs. This alternative received the
most support from federal and state agencies, and
the study concluded it was best. The second alterna-
tive was to reallocate storage space in Lake Lanier
for water supply. According to the study, in 1980,
10,512 acre-feet had been allocated to water supply,
amounting to 14.6 mgd withdrawn directly from
Lake Lanier. This alternative called for an increase
of allocated storage space to 141,685 acre-feet by the
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year 2010, allowing for a total withdrawal of 53 mgd
from the lake. The final alternative was to dredge
the Morgan Falls Reservoir, which lies downstream
from Buford, and also reallocate 48,550 acre-feet of
storage space in Lake Lanier for water supply by
2010.

In 1986, Congress, in the Water Resources Devel-
opment Act, authorized the construction of a reregu-
lation dam, the MAAWRMS’ favored first alterna-
tive. Pub.L. No. 99–662, § 601(a)(1), 100 Stat. 4137,
4140–41. However, the project had previously not
received approval from the Office of Management
and Budget, which said that state and local money
should be used to construct such a project, and
Congress did not appropriate any funding towards
the construction of the proposed reregulation dam.
Shortly thereafter, the Corps determined that the
second alternative of the MAAWRMS—reallocating
storage in Lake Lanier instead of constructing a new
dam—would be more economical. The change was
based, at least in part, on an environmental study
generated by new computer models that concluded
that the costs of acquiring the land flooded by the
reregulation dam could rise and make the first
alternative less economical than originally thought.
U.S. Army Corps of Eng’rs: Mobile District, Addi-
tional Information, Lake Lanier Reregulation Dam 2
(1988).

In the late 1980s, the Corps began to prepare a
Post–Authorization Change Notification Report
(“PAC Report”) suggesting that the authorization for
the new reregulation dam be set aside in favor of the
reallocation of storage alternative. A draft of the
PAC Report was completed in 1989. The draft rec-
ommended that 207,000 acre-feet be allocated to
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water supply, allowing for 151 mgd to be withdrawn
directly from Lake Lanier and 378 mgd (51 mgd
more than the 327 mgd that the Corps determined
was available as an incident of power supply) from
the river downstream. This represented a significant
increase from the 142,000 acre-feet of storage rec-
ommended by the second alternative of the
MAAWRMS. The draft PAC Report also included a
draft Water Control Manual that would have re-
placed the manual from 1958 and governed the
Corps’ water operations in the ACF basin. In this
appeal, the Corps claims that the PAC Report’s
recommendations would have been made pursuant to
authority from the WSA. The draft report itself noted
the Corps’ authority under the statute but stated
that approval from Congress might be required due
to the fact that the allocation exceeded 50,000 acre-
feet.9 The draft report estimated that the purchased

9 Internal policies require the Corps to obtain the approval of
the Secretary of the Army for all storage allocations exceeding
15% of total storage capacity or 50,000 acre-feet, whichever is
less. The parties have not made this Court aware of any
internal regulations that set a threshold for allocations above
which Congressional approval is required. However, the Corps
had warned the preceding year that such a reallocation of
storage might require Congressional approval:

The Chief of Engineers has the discretionary authority to
approve reallocation of storage if the amount does not exceed
50,000 acre-feet, or 15 percent of total usable storage, which-
ever is lower, and if the reallocation would not have a signifi-
cant impact on authorized project purposes. [The reallocation
contemplated in the MAAWRMS] would require the realloca-
tion of 202,000 acre-feet of storage to meet the year 2010 peak
demand of 103 mgd from the lake and 510 mgd from the
river* * *. Therefore, the required reallocation is not within
the discretionary authority of the Chief of Engineers to ap-
prove. It can only be approved by the [Assistant Secretary of
the Army for Civil Works] if impacts are determined to be
insignificant. We believe the power losses are significant and
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storage in Lake Lanier would cost $49,360,600. The
final PAC Report was never completed due to re-
sistance and the initiation of a lawsuit by the State
of Alabama.

The Corps followed the recommendation of the
MAAWRMS to make water available for water
supply in the interim before a long-term solution was
reached, as it had done while the study was being
completed, and it entered into a temporary water
supply contract with the ARC. The contract was
based on the Corps’ revised determination that it
could provide, incidentally to power generation, 327
mgd as a year-round average with no impact on
hydropower. The Corps agreed to provide releases
sufficient to accommodate up to 50 mgd in with-
drawals above this 327 mgd threshold, for which the
ARC would pay. The contract was renewed in 1989
but expired in 1990. Since then, the ARC has contin-
ued to withdraw water from the Chattahoochee on
roughly the same basis as that specified in the
contract, though it has generally not needed to
withdraw more than 327 mgd.

The Corps signed several other water supply con-
tracts in the 1970s and 1980s, all of which expired in
1990, but which roughly dictate the terms under
which the localities have continued to withdraw
water from the Buford Project. In 1978, the Corps
agreed to terms with the City of Cumming, Georgia
for the paid withdrawal of 2.5 mgd. In 1985, the
amount was raised to 5 mgd, and in 1987 it was

expect that Congressional approval would be required for the
reallocation.

Letter from C.E. Edgar III, Major Gen., U.S. Army Corps of
Eng’rs, to Harry West, Exec. Dir., ARC 5 (Apr. 15, 1988).
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raised to 10 mgd. In 1987, the Corps signed a con-
tract with the City of Gainesville, allowing the city to
withdraw up to 20 mgd, up from the 8 mgd author-
ized in 1953 as just compensation. The contract
required Gainesville to pay for the water that it
withdrew in excess of 8 mgd. In 1988, the 1973
contract with Gwinnett County was supplemented,
expanding the cap on withdrawals from 40 mgd to 53
mgd. All of the contracts signed in the 1980s specifi-
cally stated that they were interim contracts to
satisfy water supply needs while the Corps was
studying the issue and determining a permanent
plan. As a component of their interim nature, the
contracts explicitly stated that they did not create
any permanent rights to storage space in Lake
Lanier. The Corps originally cited the Independent
Offices Appropriations Act of 1952, 31 U.S.C. § 9701,
as authority for these contracts, but it later deemed
the statute to be ineffective in authorizing such
transactions. Later contracts cited the Water Supply
Act for authority.

On January 1, 1990, all of the interim contracts
expired. The only remaining water supply allocations
were the combined 10 mgd granted to Buford and
Gainesville in the 1950s by the Corps as just com-
pensation. However, the Corps continued to permit
the localities to withdraw water from the Buford
Project for water supply. Appellees refer to these
water withdrawals as pursuant to “holdover” con-
tracts.

In June, 1990, Alabama filed suit against the Corps
in the Northern District of Alabama to challenge a
section of the draft PAC Report and the continued
withdrawal of water from the Buford Project by the
Georgia Parties, which Appellees characterize as a



21a

de facto reallocation of storage. This suit is the first
of the four currently on appeal. In September of
1990, Alabama and the Corps moved jointly for a
stay of proceedings, which was granted, to negotiate
a settlement agreement. Florida and Georgia later
intervened as plaintiff and defendant, respectively.
The stay order at issue in Alabama v. United States
Army Corps of Engineers, 357 F.Supp.2d 1313
(N.D.Ala.2005), required the Corps not to “execute
any contracts or agreements which are the subject of
the complaint in this action unless expressly agreed
to, in writing, by [Alabama] and Florida.” Id. at 1316.
The stay provided that either side could terminate it
at will. It did not discuss the continued water with-
drawals of the Georgia Parties.

In 1992, Alabama, Florida, Georgia, and the Corps
entered into a Memorandum of Agreement (“MOA”)
authorizing a comprehensive study of the water
supply question and requiring the Corps to withdraw
the draft PAC Report along with its accompanying
Water Supply Reallocation Reports and Environmen-
tal Assessments. The MOA contained a “live and let
live” provision that allowed the Georgia Parties to
continue to withdraw water from the Buford Project
at the level of their withdrawals in 1990, with rea-
sonable increases over time. The provision made
clear that it did not grant any permanent rights to
the water being consumed. The MOA was originally
set to last for three years but was extended several
times.

In 1997, after the completion of a comprehensive
study, the parties entered into the Apalachicola–
Chattahoochee–Flint River Basin Compact (“ACF
Compact”), which was ratified by Congress and the
three states and replaced the MOA. Pub.L. No. 105–
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104, 111 Stat. 2219 (1997). The ACF Compact in-
cluded a provision allowing continued withdrawals
similar to the live and let live provision in the MOA.
The Compact created an “ACF Basin Commission”
composed of the governors of the three states and a
non-voting representative of the federal government,
to be appointed by the President. The commission
was charged with establishing “an allocation formula
for apportioning the surface waters of the ACF Basin
among the states of Alabama, Florida, and Georgia.”
Id. art. VI(q)(12), 111 Stat. at 2222. Under the Com-
pact, existing water supply contracts would be hon-
ored, and water-supply providers could increase their
withdrawals “to satisfy reasonable increases in the
demand” for water. Id. art. VII(c), 111 Stat. 2223–24.
The Compact initially was scheduled to expire De-
cember 31, 1998, but it was extended several times;
it ultimately expired on August 31, 2003, when the
Commission failed to agree on a water allocation
formula. The stay of the Alabama case remained in
effect through the duration of the Compact. In the
meantime, the Corps continued to allow the Georgia
Parties to withdraw water from the Buford Project.
Because there were no contracts in place, the Corps
froze the rates that it charged for water and contin-
ued to proceed on the basis of the prices that were
set in the interim contracts of the 1980s. This rate
scheme angered hydropower customers who pur-
chased power produced by the project directly or
indirectly from SEPA.

In December 2000, SeFPC filed suit under the APA
against the Corps in the United States District Court
for the District of Columbia, the second of the four
suits currently on appeal. SeFPC alleged that the
agency had wrongfully diverted water from hydro-
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power generation to water supply, thereby causing
SeFPC’s members to pay unfairly high rates for their
power. SeFPC sought a judicial declaration of the
Buford Project’s authorized purposes as well as
compensation. In March 2001, the district court
referred the parties to mediation, and Georgia was
joined. In January 2003, SeFPC, the Corps, and the
Georgia Parties agreed to a settlement in the case,
which called for an allocation of 240,858 acre-feet
(estimated to be 22% of conservation storage) to
water supply for once-renewable 10–year interim
contracts that could be converted into permanent
storage if approved by Congress (or if a court deemed
Congressional approval unnecessary). In exchange,
the Georgia Parties agreed to pay higher rates for
water, with the income being applied as a credit
against the rates charged to SeFPC’s members. The
D.C. district court then allowed Alabama and Florida
to intervene.

In October 2003, the Alabama court enjoined the
filing of the settlement agreement in the D.C. case,
finding that the agreement violated the stay in its
case because the approval of Alabama and Florida
was not obtained. The district court in the District of
Columbia approved the Agreement in February
2004, contingent upon the dissolution of the Alabama
court’s injunction, rejecting Alabama and Florida’s
argument that the Agreement exceeded the Corps’
authority conferred by Congress. SeFPC v. Caldera,
301 F.Supp.2d 26, 35 (D.D.C.2004). In April 2004, a
panel of this Court stayed an appeal of the Alabama
court’s injunction to allow the Alabama district court
to decide whether to dissolve or modify the injunction
in light of the D.C. district court’s order approving
the Agreement. In the meantime, an initial appeal of
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the D.C. district court’s order in SeFPC by Alabama
and Florida was denied by the D.C. Circuit Court of
Appeals for lack of a final judgment. The Alabama
district court denied a motion to dissolve the prelim-
inary injunction, Alabama, 357 F.Supp.2d at 1320–
21, but in September 2005, a panel of this Court held
that the district court abused its discretion in grant-
ing the injunction and vacated the injunction. Ala-
bama v. U.S. Army Corps of Engineers, 424 F.3d
1117, 1133 (11th Cir. 2005). Once this Court dis-
solved the injunction over the implementation of the
Agreement, the D.C. district court in March 2006
entered a final judgment in SeFPC, and Alabama
and Florida again appealed to the D.C. Circuit.

In Southeastern Federal Power Customers, Inc. v.
Geren, 514 F.3d 1316, 1324 (D.C.Cir. 2008), the D.C.
Circuit held that the settlement agreement exceeded
the Corps’ authority under the WSA. The parties to
the settlement agreement argued that the Corps was
authorized to enter into the settlement on the basis
of its WSA authority alone, so the court specifically
refrained from making any holdings on the basis of
the RHA. Id. at 1324 n.4. The court found that “[o]n
it’s face, * * * reallocating more than twenty-two
percent * * * of Lake Lanier’s storage capacity to
local consumption uses * * * constitutes the type of
major operational change referenced by the WSA.”
Id. at 1324. After the circuit court’s remand, the
Judicial Panel on Multidistrict Litigation transferred
the case, along with Alabama and several others, to
the Middle District of Florida.

Meanwhile, in 2000, the State of Georgia submitted
a formal request to the Corps to modify its operation
of the Buford Project in order to meet the Georgia
Parties’ water supply needs through 2030. The
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request was to withdraw 408 mgd from the river and
297 mgd directly from the lake, which, combined,
required approximately 370,930 acre-feet of storage.
In February 2001, nine months after the request was
sent to the Corps and without a response from the
Corps, the State of Georgia filed suit in the United
States District Court for the Northern District of
Georgia seeking to compel the Corps to grant its
request, beginning the third of the four underlying
cases. The Corps responded in April 2002 with a
letter denying the request and an accompanying
legal memorandum. Memorandum from Earl Stock-
dale, Deputy General Counsel, Department of the
Army, to Acting Assistant Secretary of the Army for
Civil Works: Georgia Request for Water Supply from
Lake Lanier 1 (Apr. 15, 2002) [hereinafter “2002
Stockdale Memo”]. The 2002 Stockdale Memo con-
cluded that the Corps lacked the authority to grant
Georgia’s request without legislative approval. The
memo stated that water supply was not an author-
ized purpose of the Buford Project under the RHA.
Further, it stated that even if water supply was
authorized, the Corps would still lack the authority
to make a storage allocation of the size requested
because the reallocation “would involve substantial
effects on project purposes and major operational
changes.” Id. The district court denied Florida’s and
SeFPC’s motions to intervene in the case, but this
Court reversed the denial and remanded for further
proceedings. Georgia v. U.S. Army Corps of Eng’rs,
302 F.3d 1242, 1260 (11th Cir. 2002). On remand,
Florida moved to dismiss or abate the proceedings;
Alabama, Gwinnett County, the City of Gainesville,
and the ARC moved to intervene; and Alabama
moved to abate or transfer the proceedings. The
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district court allowed Alabama to intervene as of
right and the local governments to intervene permis-
sively, and it held that the case would be abated
pending the resolution of the Alabama case. Georgia
v. U.S. Army Corps of Engineers, 223 F.R.D. 691, 699
(N.D.Ga.2004). On appeal, a panel of this Court in an
unpublished decision affirmed the district court’s
decision to abate the case. Georgia v. U.S. Army
Corps of Engineers, 144 Fed.Appx. 850 (11th Cir.
2005). The case was then consolidated into the
multidistrict litigation in the Middle District of
Florida.

In January 2008, the City of Apalachicola sued the
Corps in the federal district court for the Northern
District of Florida. This is the last of the four cases
being considered as part of this appeal. This case was
also consolidated into the multidistrict litigation.

While the litigation was pending, the Corps began
an update of its plans and operations in the ACF
Basin with a focus on whether it could continue to
meet the current water supply needs of the localities.
In order to answer these questions, specifically in
light of the D.C. Circuit’s Geren opinion, the Corps
released a new legal memorandum by Earl Stock-
dale. Memorandum from Earl Stockdale, Chief
Counsel, Department of the Army, to the Chief of
Engineers: Authority to Reallocate Storage for Mu-
nicipal & Industrial Water Supply Under the Water
Supply Act of 1958, 43 U.S.C. § 390b 1 (Jan. 9, 2009)
[hereinafter “2009 Stockdale Memo”]. In this memo-
randum, the Corps determined that the current
water supply withdrawal under the “interim con-
tracts” could be accommodated by a permanent
reallocation of approximately 11.7% of the conserva-
tion storage in Lake Lanier. The Corps concluded
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that such a permanent reallocation would not consti-
tute a major operational change, and it would not
seriously affect any project purposes.

The Middle District of Florida, in its consideration
of the multidistrict litigation, divided the trial into
two phases. Phase One, which is at issue here,
pertained to the Corps’ authority for its operations of
the project. The plaintiffs in the four underlying
cases moved for summary judgment, and the Corps
filed an opposition and cross-motion for summary
judgement in each case. On July 17, 2009, the court
granted partial summary judgment to the plaintiffs
in Alabama, Apalachicola, and SeFPC and to the
Corps in Georgia, and it denied summary judgment
to the Georgia Parties.

The court’s order concluded that the Corps had
exceeded its authority in its “de facto” reallocation of
storage to accommodate current water supply with-
drawals. In re Tri–State Water Rights Litig., 639
F.Supp.2d 1308, 1350 (M.D.Fla.2009). The court first
held that only two conclusions of the D.C. Circuit
had preclusive effect on its judgment under the
principle of collateral estoppel: (1) that the WSA
applied to interim reallocations of storage; and (2)
that a reallocation of 22% of Lake Lanier’s total
conservation storage was a major operational change
under the WSA. Id. at 1343. Next, the district court
concluded that there was virtually no authorization
for the reallocation of water supply storage in the
RHA and that the Corps’ sole source of authority to
allocate storage for water supply was the WSA.

The court went on to hold that the 2009 Stockdale
Memo was a litigation document with post hoc
analysis that was not part of the administrative
record. Id. at 1347. Without the memo, the district
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court concluded that the record contained insuffi-
cient support for the Corps’ calculations of the
amount of storage required for the water supply
withdrawals as of 2006. The court attempted its own
calculation of this figure and determined that the
allocation was for 226,600 acre-feet or 21.5% of Lake
Lanier’s total conservation storage. Id. at 1350. In
reaching its conclusion on the amount of storage
necessary for the project’s current operations, the
court rejected several key figures that the Corps had
used in making previous calculations, most notably
rejecting the Corps’ figure for the amount of water
available for downstream withdrawal as a byproduct
of hydropower operations. The district court held
that the 21.5% allocation was a major operational
change that exceeded the Corps’ WSA authority. The
court also concluded that the Corps’ current opera-
tions exceeded the WSA because they seriously
affected the authorized purpose of hydropower
generation. Because the Georgia request represented
an even larger water supply storage allocation than
the current operations, the court also found that it
exceeded the Corps’ authority.

The district court directed the Corps to limit re-
leases from the Buford Project to 600 cfs during off-
peak hours and to discontinue all water supply
withdrawals being made directly from Lake Lanier,
except for the 10 mgd that Gainesville and Buford
had been permitted to withdraw in their 1950s
reallocation agreements.10 The court stayed its order

10 The district court failed to state its reasoning for choosing
600 cfs as the level for off-peak releases. Six hundred cfs was
the rate of off-peak releases in the 1950s when the plant
opened. The Newman Report explicitly contemplated raising
off-peak releases so as to provide for a minimum flow of the
river at Atlanta of 800 cfs by 1965. Newman Report ¶ 79. The
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for three years, until July 17, 2012, to give the par-
ties an opportunity to settle or to seek Congressional
approval. In the meantime, the court allowed current
withdrawals to continue but forbade any increases
without the consent of all of the parties.

DISCUSSION

This opinion will begin by examining threshold
jurisdictional questions, then will analyze the prima-
ry substantive matters involved, and finally will
provide some guidance and instruction for the Corps
pertaining to its analysis of its water supply authori-
ty on remand.

Part I. Jurisdictional Matters

A. Appellate Jurisdiction Over Alabama, SeFPC, and
Apalachicola

Alabama and Florida argue that this court lacks
appellate jurisdiction over the appeals in Alabama,
SeFPC, and Apalachicola. They note that the district
court did not render a final judgment in the cases, as
the summary judgment order on the Phase One
claims did not resolve the Phase Two claims in those
cases. Appellees concede that this court has jurisdic-
tion over the appeal in the Georgia case because the
district court’s order did amount to a final judgment
in that case. However, Alabama and Florida argue
that the claims in the cases are sufficiently distinct
that extending pendent jurisdiction from Georgia

district court fails to explain why it mandated that the level of
off-peak releases not be raised from where it stood at the time
of the Buford Project’s construction in spite of the fact that the
RHA explicitly contemplated such a raise and in spite of the
additional water supply authority granted to the Corps by the
WSA. As our discussion below will make apparent, the district
court committed obvious error in this regard. See infra, note 19.
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over the Alabama, SeFPC, and Apalachicola claims
would be inappropriate.11 We disagree. Issues in the
three contested cases and the Georgia case are
inextricably intertwined, rendering pendent jurisdic-
tion proper. Even if this Court did not have pendent
jurisdiction over these claims, this Court would still
have jurisdiction because the district court’s order
amounted to an injunction.

“Pendent appellate jurisdiction is present when a
nonappealable decision is inextricably intertwined
with the appealable decision or when review of the
former decision is necessary to ensure meaningful
review of the latter.” King v. Cessna Aircraft Co., 562
F.3d 1374, 1379 (11th Cir. 2009) (internal quotation
marks omitted). The exercise of such jurisdiction is
only appropriate in “rare circumstances” so only
“limited factual scenarios” will qualify. Id. at 1379–
80. Thus, the critical inquiry is whether the appeala-
ble issue can be resolved without reaching the merits
of the nonappealable issues. Thomas v. Blue Cross &
Blue Shield Ass’n, 594 F.3d 814, 821 (11th Cir. 2010).

Alabama and Florida argue that the appeal of
Georgia can be resolved without addressing the
issues in the other cases. They argue that the district
court found that Georgia’s request for a reallocation
of 34% of the available storage exceeded the Corps’
authority because the argument was simply fore-
closed by collateral estoppel and the preclusive

11 A panel of this court rejected this argument in a January 20,
2010 order accepting pendent jurisdiction over the district
court’s entire order because “all issues raised by the appellants
are inextricably intertwined.” Order of Jan. 20, 2010 at 5.
(Citing Sierra Club v. Van Antwerp, 526 F.3d 1353, 1359 (11th
Cir. 2008); Summit Med. Assocs., P.C. v. Pryor, 180 F.3d 1326,
1335 (11th Cir. 1999)). We agree with the findings of the panel
on this matter.
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effects of the D.C. Circuit’s Geren decision. Thus,
they argue that the merits of the Georgia appeal can
be determined without considering the underlying
issues in the other cases.

Alabama and Florida misread both the district
court’s opinion and the opinion in Geren. The district
court did not, and could not, simply dismiss the
Georgia case on the basis of collateral estoppel. The
Corps’ authority to allocate storage for water supply
depends on an analysis of both the RHA and the
WSA. As noted above, the district court held that
only two issues were precluded, and neither of them
were the authority of the Corps under the RHA. In
fact, the D.C. Circuit clearly stated that the issue of
water supply authority in the RHA was not before it.
See Geren, 514 F.3d at 1324 n. 4 (“The court, in
responding to the Corps’ defense of its approval of
the Agreement, has no occasion to opine whether the
Corps’ previous storage reallocations were unlaw-
ful.”). Thus, it is clear that the holding in Geren—i.e.
that a 22% reallocation of storage to water supply
constitutes a “major operational change” under the
WSA—cannot operate as collateral estoppel with
respect to the issue of the Corps’ combined authority
under the RHA and the WSA.12

Thus, the district court did not apply collateral
estoppel in granting summary judgment against the
Georgia Parties and holding that Georgia’s 2000
request exceeded the Corps’ authority. Rather, the
district court came to an independent conclusion on
this matter and found that water supply was not an
authorized purpose under the RHA. Tri–State, 639

12 Our complete discussion of the collateral estoppel effects of
Geren can be found infra at Part VI.
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F.Supp.2d at 1347. This finding was central to the
court’s holding in all four cases. Ultimately, it is
impossible for this Court to rule on the merits of the
appeal in Georgia without determining whether
water supply was an authorized purpose of the
Buford Project under the RHA. Thus, the issues
raised in the various appeals are inextricably inter-
twined and pendent jurisdiction is proper in Ala-
bama, SeFPC, and Apalachicola.

As an alternative basis for jurisdiction in the three
cases (other than the Georgia case), this Court also
has appellate jurisdiction over all of the underlying
claims because the district court’s order was an
injunction. The order very clearly directs the parties
to act, imposing a set of directives that, if disobeyed,
could subject the parties to contempt proceedings.
We are granted jurisdiction to review injunctions (or
denials thereof) by 28 U.S.C. § 1292(a)(1). Alabama
and Florida argue that this statute does not apply in
this case because the district court’s order is not an
injunction. Instead, they argue, the district court
merely set aside the Corps’ actions because they
were not in accordance with the law, and therefore in
violation of the APA. See Citizens to Preserve Overton
Park, Inc. v. Volpe, 401 U.S. 402, 413–14, 91 S.Ct.
814, 822, 28 L.Ed.2d 136 (1971) overruled on unrelat-
ed grounds by Califano v. Sanders, 430 U.S. 99, 105,
97 S.Ct. 980, 984, 51 L.Ed.2d 192 (1977). This argu-
ment is unpersuasive.

The district court’s order is “a clearly defined and
understandable directive by the court to act or to
refrain from a particular action.” Alabama, 424 F.3d
at 1128. The district court mandated the return of
operations to the levels of the mid–1970s by 2012,
meaning that the Corps was required to set off-peak
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flows to 600 cfs and only Buford and Gainesville
were allowed to withdraw any water directly from
Lake Lanier (in the amounts established in their
1950s contracts). Tri–State, 639 F.Supp.2d at 1355.
The court gave the Corps explicit instruction on how
it was to act in the future. The Corps was also pro-
hibited from entering into any new water supply
contracts and therefore stripped of any discretion on
how to allocate storage space for water supply. The
district court did not refer to its order as an injunc-
tion, but the district court’s intention in this regard
is irrelevant. See Sierra Club v. Van Antwerp, 526
F.3d 1353, 1358–59 (11th Cir. 2008) (utilizing a
functional analysis to determine that the district
court order was an injunction in spite of the district
court’s specific denial in this regard); United States v.
Gila Valley Irrigation Dist., 31 F.3d 1428, 1441 (9th
Cir. 1994) (“In determining whether or not an order
is appealable under § 1292(a)(1), the courts do not
look to the terminology of the order but to its sub-
stantial effect.”) (citation omitted).

The district court’s order was also sufficiently defi-
nite to be enforced via contempt proceedings. See
Alabama, 424 F.3d at 1128. Federal Rule of Civil
Procedure 65(d) requires that an injunctive order
“state its terms specifically” and “describe in reason-
able detail * * * the act or acts restrained or re-
quired.” Alabama and Florida do not question the
definitive nature of the order in 2012. Rather, they
focus on the court’s directives in the interim period:
“the parties may continue to operate at current
water-supply withdrawal levels but should not
increase those withdrawals absent the agreement of
all other parties to this matter.” Tri–State, 639
F.Supp.2d at 1355. Alabama and Florida argue that
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the order does not state with specificity the amount
of water that each of the localities may withdraw.
However, this is of no moment because no party
would dare risk being held in contempt for violating
the court’s order by exploiting any of these ambigui-
ties. The practical effect of this order makes it such
that none of the localities would withdraw any more
water than they did before the order was issued.
Furthermore, it is irrelevant whether this injunction
was defective under Rule 65(d) because this Court
could still exercise jurisdiction under § 1291(a)(1)
over a defective injunction. See Int’l Longshoremen’s
Ass’n, Local 1291 v. Phila. Marine Trade Ass’n, 389
U.S. 64, 76, 88 S.Ct. 201, 208, 19 L.Ed.2d 236 (1967).
The proper remedy in such a case would be to vacate
the injunction and remand the case to the district
court.13 Because pendent jurisdiction is proper in this
case and because the district court order is an in-
junction, this Court possesses appellate jurisdiction
and will consider the merits of the issues raised by
the parties.

B. Final Agency Action in Alabama, SeFPC, and
Apalachicola

The Corps and the Georgia Parties argue that the
district court did not have jurisdiction to hear the

13 Alabama and Florida also argue that the district court order
is not appealable because it is conditional. As a factual matter,
this position is incorrect. The court’s order, though stayed for
three years, does not depend on the happening of a specific
event to go into operation. Just the opposite; the injunction was
final when issued and would take effect without the occurrence
of any contingency whatsoever. Moreover, a portion of the order
forbids the parties from increasing withdrawals and the Corps
from entering into new contracts without the consent of all of
the parties to the litigation. This is a negative injunction which
was not stayed until 2012 and took effect immediately.
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Alabama case, the SeFPC case, and the Apalachicola
case because the Corps had not taken a final agency
action, as required by the APA for judicial review.
See 5 U.S.C. § 704. In these three cases, Appellees
challenge what they have characterized as the “de
facto reallocations”—the temporary water withdraw-
als the Corps has allowed and continues to allow.
The Corps argues that it never made a formal reallo-
cation of storage in the reservoir. Instead, it argues
that it accommodated water supply under ad hoc
arrangements with the localities and a series of
agreements among all three States, while launching
multiple, ultimately futile, attempts to reach a long-
term solution to the issue. The parties all concede
that the denial of Georgia’s water supply request was
a final agency action and that the district court
possessed jurisdiction over the Georgia case. With
respect to the other three cases, we conclude that
there was no final agency action, and the district
court therefore lacked jurisdiction to review the
claims.

The APA states that “final agency action for which
there is no other adequate remedy in a court [is]
subject to judicial review.” 5 U.S.C. § 704. The APA
defines “agency action” as including “the whole or a
part of an agency rule, order, license, sanction, relief,
or the equivalent or denial thereof, or failure to act.”
5 U.S.C. § 551(13). Because the definition of action
under the APA is so broad, the critical inquiry is
whether the action is final. Whitman v. Am. Truck-
ing Ass’ns, 531 U.S. 457, 478, 121 S.Ct. 903, 915, 149
L.Ed.2d 1 (2001) (“The bite in the phrase ‘final
action’ * * * is not in the word ‘action,’ which is
meant to cover comprehensively every manner in
which an agency may exercise its power* * *. It is

http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2006289356&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2004120713&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2007326786&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)
http://www.westlaw.com/Link/Document/FullText?findType=L&pubNum=1000546&cite=5USCAS551&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_aac5000007ec7
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2001175402&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_915
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2001175402&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_915
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2001175402&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_915


36a

rather in the word ‘final’* * *.”) (citations omitted).
The test for finality involves two steps:

First, the action must mark the “consummation” of
the agency’s decisionmaking process * * *—it must
not be of a merely tentative or interlocutory nature.
And second, the action must be one by which rights
or obligations have been determined, or from which
legal consequences will flow.

Bennett v. Spear, 520 U.S. 154, 177–78, 117 S.Ct.
1154, 1168, 137 L.Ed.2d 281 (1997) (internal quota-
tion marks and citations omitted).

We analyze whether the Corps’ actions were final
by using the two-step Bennett test. The Corps con-
tends that it has not consummated its decisionmak-
ing process because it has not made any final deci-
sions on how to allocate water storage at Buford. The
Corps notes that it never made any permanent water
supply storage allocations and has not published any
implementation guidelines. As evidence that no
decisionmaking process has been consummated, the
Corps notes that it has not performed the cost anal-
yses or prepared the written reports required by the
WSA, the Corps’ internal guidelines, and the Nation-
al Environmental Policy Act to make permanent
reallocations. The Corps asserts that it attempted to
start the decisionmaking process in 1989 with its
draft PAC Report, which included a draft manual for
operations in the ACF basin, but that the report was
abandoned prior to its completion as part of the
negotiations in the Alabama litigation.

The “de facto reallocations” do not meet the first
prong of the Bennett test. They are based on con-
tracts that have all expired and water withdrawals
that have been extended on the basis of multi-party

http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=1997071742&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_1168
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=1997071742&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_1168
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=1997071742&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2006289356&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=1997071742&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)


37a

agreements and court orders. The various contracts
that the Corps entered into with Gwinnett, the ARC,
and the Cities of Gainesville and Cumming all speci-
fied their interim nature, expired in 1990, and did
not purport to provide any permanent right to stor-
age in Lake Lanier. As the Corps notes, these con-
tracts are long expired now and are not themselves
being challenged in this litigation.

What is being challenged is the continuous with-
drawal of water from the Buford Project over the last
forty years. Appellees assert that the Corps has
utilized a practice of entering into temporary agree-
ments in order to avoid the appearance of consum-
mating its decisionmaking process. “[A]s a general
matter, * * * an administrative agency cannot legit-
imately evade judicial review forever by continually
postponing any consequence-laden action and then
challenging federal jurisdiction on ‘final agency
action’ grounds.” Nat’l Parks Conservation Ass’n v.
Norton, 324 F.3d 1229, 1239 (11th Cir. 2003) (citing
Cobell v. Norton, 240 F.3d 1081, 1095 (D.C.Cir.
2001)). The record in this case demonstrates that the
Corps has not acted to avoid judicial review. Rather,
the factual history of this case indicates that the
Corps has made sincere efforts to effectuate perma-
nent water supply allocations but has been thwarted
by the litigation process.

The Corps has been attempting to reach a final
decision on water storage allocations in the Buford
Project since at least the mid–1980s, when it became
aware that a permanent determination of water
supply needs was vital. The agency concluded at the
time that it was best to wait until the MAAWRMS
was complete before making such a determination
and to enter into interim contracts that would expire
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in 1990. Once the study was complete, the Corps
embarked on the process of issuing the PAC Report
and permanently reallocating certain amounts of
storage to water supply—after first proposing and
receiving Congressional authorization (but not
funding) to build a reregulation dam. However, the
Corps’ plan to issue the PAC was derailed by devel-
opments in the Alabama case.

In 1992, the parties agreed to a stay and entered
into a Memorandum of Agreement, which required
that the Corps withdraw the PAC and prohibited it
from entering into any new contracts. Memorandum
of Agreement By, Between, and Among the State of
Alabama, the State of Florida, the State of Georgia,
and the United States Department of the Army 2
(Jan. 3, 1992). The Corps retained permission to
continue to accommodate current withdrawal levels.
In the memorandum, the parties agreed to conduct a
Comprehensive Study, stating that “during the term
of the Comprehensive Study, it is premature for the
Army to commit, grant or approve any reallocation,
allocation, or apportionment of water resources to
service long-term future water supply.” Id. Thus,
during the duration of the term of the Memorandum
of Agreement, the Corps was restricted from moving
toward taking final agency action due to the terms
agreed upon by the parties.

The same held true during the period of enforce-
ment of the ACF Compact, the joint resolution that
the three states agreed to and Congress ratified in
1997, which replaced the Memorandum of Agree-
ment. The ACF Compact created an ACF Basin
Commission charged with the power “to establish
and modify an allocation formula for apportioning
the surface waters of the ACF Basin among the
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states of Alabama, Florida and Georgia.” 111 Stat. at
2222. The Compact specified that parties could
continue withdrawing water but that no vested
rights would be granted until the Commission adopt-
ed an allocation formula. Id. at 2223–24. The Com-
pact provided that the Army Corps of Engineers
“shall cooperate with the ACF Basin Commission in
accomplishing the purposes of the Compact and
fulfilling the obligations of each of the parties to the
Compact regarding the allocation formula.” Id. at
2225. Much like the Memorandum of Agreement
before it, the ACF Compact, which remained in effect
until 2003, restricted the Corps’ ability to consum-
mate a decisionmaking process on its water alloca-
tion policy. Thus, from 1992 to 2003, the Corps was
operating under agreements signed by all three
states that denied it the ability to make any perma-
nent water supply allocations.

By the time the negotiations in the Alabama case
fell apart in 2003, the Georgia Parties, the Corps,
and SeFPC had entered into a settlement agreement
in SeFPC. In pertinent part, the agreement set forth
a process for entering into water supply contracts
that could become permanent reallocations of stor-
age. Evaluation of the legality of the settlement
agreement in the D.C. district and circuit courts was
delayed for several years by a preliminary injunction
entered by the Northern District of Alabama. In
March 2005, while the injunction was still in effect,
the Corps filed a notice in the Alabama litigation
that it intended to proceed with updating the water
control plans and manuals for the ACF Basin. In
response, Alabama’s Congressional delegation sent a
letter to the Corps stating its opposition to such
actions during the pendency of the litigation, and the
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Corps abandoned its plans.

This Court vacated the Alabama court’s injunction
in late 2005 and the Corps informed the states that it
considered the “relevant litigation” concluded and
would proceed to update the water control manuals
for the ACF Basin. However, on remand, the Ala-
bama district court sent the parties into settlement
negotiations, and the Corps again agreed to delay the
update.

The SeFPC settlement was struck down in 2008
and never took effect. The Corps argues that it began
the process of updating its operating manuals for the
ACF basin almost immediately after the settlement
agreement was invalidated. The Corps also issued a
legal memorandum on its authority to allocate water
storage at Buford, the 2009 Stockdale Memorandum.
However, the district court deemed the 2009 Stock-
dale Memo to be a litigation document and not part
of the administrative record. The district court
issued its summary judgment order in this case on
July 17, 2009, and the Corps asserts that this order
once again thwarted it in its attempts to consum-
mate the decisionmaking process. The Corps states
that “every single day since 1990 the Corps was
either operating under an agreement that barred it
from formally taking any steps to reallocate storage,
or was actively engaged in a process that could have
led to a final agency action reallocating storage.” The
historical sequence of events supports the veracity of
this claim.

This Court has accepted legal and practical barri-
ers to administrative action as legitimate explana-
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tions for agency inaction.14 See Nat’l Parks, 324 F.3d
at 1238, 1239 (holding that the National Parks
Service’s delay in implementing a management plan
was excusable in part because a judicial order and a
legislative mandate had prevented it from taking
action). The courts have expressed a legitimate
concern for agency avoidance of judicial review
through intentional inaction. Id. at 1239. In this
case, however, the lack of a definitive allocation of
storage for water supply is explained by factors
beyond the agency’s control, rather than the Corps’
inaction.

Appellees argue that the Corps has attempted to
avoid judicial review of its management of the
Buford Project, but they offer almost no evidence to
support this contention. Alabama and Florida point
out that the Corps, though required by court order
not to enter into any new contracts, was not required

14 The Corps cites Home Builders Ass’n of Greater Chicago v.
United States Army Corps of Engineers, 335 F.3d 607, 616 (7th
Cir. 2003), for the proposition that the circuits have reached a
consensus that agency delay must be “egregious” for it to be
considered the consummation of the decisionmaking process.
This proposition is not entirely accurate. Home Builders was
evaluating the second prong of the Bennett test, not the first,
when it made this statement. Thus, the Seventh Circuit was
referring to the manner in which agency inaction determines
the rights or obligations of the parties, not whether agency
inaction constitutes the consummation of the decisionmaking
process. The cases from other circuits cited by that court also
deal with the manner in which agency action affects the rights
of the parties. There may be some overlap between the two
prongs of the analysis, but we need not decide whether the
Home Builders “egregious” threshold applies also to evaluating
delays with respect to the first prong. In this case, the Corps is
able to demonstrate that its actions were not only not egregious
but also understandable due to the circumstances in this case.
Thus, its argument that the first prong of Bennett was not met
is persuasive even without support from Home Builders.
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to continue to allow the parties to withdraw water
from the project. This argument misses the point.
That the Corps chose to continue to permit water
supply withdrawals sanctioned by the multi-party
agreements does not demonstrate that the Corps
effectuated a policy in regard to water supply and
was attempting to avoid a judicial review of this
policy. The states also note that the Corps had seven
years since the time of the expiration of the agree-
ments in 2003 to undertake a formal action. As
stated above, the Corps attempted on multiple
occasions after 2003 to begin the process of making
final decisions on water allocations, but it was con-
sistently thwarted by the litigation process. The
Corps’ two statements to the parties in 2005 that it
intended to move forward with updating the water
control manuals, the settlement agreement in
SeFPC, which was struck down in 2008, and the
2009 Stockdale Memorandum, demonstrate that the
Corps intended to move forward in consummating a
decisionmaking process after 2003 but could not.
Appellees point to no specific final actions on the
part of the Corps and there is insufficient evidence to
conclude that the agency has attempted to avoid
judicial review via incremental changes in opera-
tional policy. Thus, Appellees are unable to meet the
first prong of the Bennett analysis.

The Corps’ current operations of the Buford Project
also do not meet the second prong of the Bennett test
because the Corps’ alleged “de facto allocations” are
not actions “by which rights or obligations have been
determined, or from which legal consequences will
flow.” 520 U.S. at 178, 117 S.Ct. at 1168 (internal
quotation marks omitted). Current water supply
withdrawals have taken place under the “live and let
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live” and other similar provisions in the stays, the
Memorandum of Agreement, and the ACF Compact.
These provisions, like the interim contracts that
preceded them, have clearly stated the temporary
nature of the allocations being made. As outlined
above, the Corps has not had the opportunity to
engage in a determination of rights or obligations
due to the constraints imposed on it by the specific
circumstances of the ongoing litigation. While it is
true that access to water has been affected by the
Corps’ water supply allocations, as Appellees argue,
that fact does not demonstrate that any future rights
have been determined.15 Appellees are simply unable
to produce evidence of such a determination.

Because there has been no final agency action in
the Alabama, SeFPC, and Apalachicola actions, the
district court lacked jurisdiction over these claims.
Therefore, we vacate the district court’s rulings in
this regard and remand to the Corps to make final
determinations pertaining to its current policy for
water supply storage allocation.16

15 Even if the past withdrawals of water could be deemed
sufficient to satisfy the second prong (notwithstanding the
absence of any determination of future rights or obligations)—a
matter we need not decide—there would still be no final agency
action because Appellees have failed to satisfy Bennett’s first
prong.

16 Alabama and Florida argue that this issue was decided by
this Court and that collateral estoppel bars the Corps and the
Georgia Parties from making this claim. In our consideration of
the appeal in Alabama, we indicated in a footnote that some of
the Corps’ storage allocations were final agency actions under
the APA. 424 F.3d at 1131 & n. 19. However, this issue lacks
preclusive effect because it was not actually litigated in Ala-
bama. See In re Held, 734 F.2d 628, 629 (11th Cir. 1984).

In Alabama, the Georgia Parties argued that the complaint
was moot as a result of the fact that Alabama challenged the
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PAC Report, a report which had long since been withdrawn by
the Corps. We dismissed the mootness argument by noting that
Alabama was challenging other Corps actions, namely the
ongoing reallocations of storage capacity. With respect to such
other Corps actions, this court in footnote 19 commented that
Alabama had identified such actions as final agency actions. It
is possible that this footnote was not merely a comment on
what Alabama had said, but an implied acknowledgment that
on-going reallocations of storage capacity were indeed final
agency actions. Even if the latter, this court’s statement was a
passing, bald statement with no discussion at all, and was not
the product of an actually litigated issue. Accordingly, the
statement does not have collateral estoppel effect. See id. The
parties did not brief the issue and there is no evidence that the
question of final agency action was litigated at all. The matter
was addressed as an afterthought to the rejection of a wholly
separate, tangential argument. Having heard full and thorough
argument on the matter by the parties, we conclude that the
action alleged in these appeals was not final.

Even if collateral estoppel did apply and the district court did
have jurisdiction, we would still be required to vacate the order
and remand the case to the Corps, because of the numerous
errors of the district court. Although we need not enumerate
each error, we note the overarching error in conducting de novo
factfinding of issues that must be considered by the Corps in
the first instance. In an administrative case, the Supreme
Court has said, “[t]he reviewing court is not generally empow-
ered to conduct a de novo inquiry into the matter being re-
viewed and to reach its own conclusions based on such an
inquiry.” Fla. Power & Light Co. v. Lorion, 470 U.S. 729, 744,
105 S.Ct. 1598, 1607, 84 L.Ed.2d 643 (1985). The wisdom of
that decree is apparent in this case. The Corps has yet to
undertake any final, well-reasoned actions in regard to current
water supply withdrawals at the Buford Project. As a result,
the judicial record in this case is incomplete. Because this
record is incomplete, the district court undertook on its own to
perform calculations to determine the percentage of Lake
Lanier’s storage space currently being allocated to water
supply. As part of this determination, the court substituted its
judgment for that of the Corps on a number of highly technical
matters better left to the expertise of the agency. First and
foremost, the court rejected several determinations by the
Corps of the baseline amount of water available for downstream
water withdrawal as a byproduct of power generation. Second,
it used data from expired contracts even though there were no
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Part II. Georgia’s 2000 Request: The Corps’ Water
Supply Authority Under the RHA

With respect to the merits, we turn first to the
appeal in the Georgia case. This Court previously
summarized Georgia’s 2000 request of the Corps as
follows:

1. Allow municipal and industrial withdrawals
from Lake Lanier to increase as necessary to the
projected annual need of 297 mgd in 2030;

2. Increase the water released from the Buford
Dam sufficiently to permit municipal and industri-
al withdrawals in the Chattahoochee River south of
the dam to be increased as necessary to the pro-
jected annual need of 408 mgd in 2030;

3. Enter into long-term contracts with Georgia or
municipal and industrial water users in order to
provide certainty for the requested releases;

4. Ensure that sufficient flow is maintained south

binding commitments, rather than using figures of actual water
withdrawals, allegedly compounding this mistake by double-
counting the City of Gainesville’s withdrawals. Finally, the
court took no account of return flows even though the return of
those flows directly to the lake would offset the effect on the
power interest. The expertise of the Corps renders it better
equipped to handle such questions than a court. The district
court should not have usurped the agency’s fact-finding role.
Without identifying each error of the district court, suffice it to
say that the district court’s overarching error in engaging in de
novo fact-finding would have required remand even if there had
been final agency actions.

Moreover, the district court also erred in failing to recognize
that water supply for the Atlanta area was an authorized
purpose of the RHA. See Part II, infra. The fact that water
supply is an authorized purpose of the Project has the potential
to cause significant changes in the relevant calculations, and
thus constitutes an independent basis for requiring a remand to
the Corps for de novo reconsideration.
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of the Buford Dam to provide the requisite envi-
ronmental quality—that is, assimilate discharged
wastewater; and

5. Assess fees on the municipal and industrial wa-
ter users in order to recoup any losses incurred by
a reduction in the amount of hydropower generated
by the dam as a result of the increased withdraw-
als or releases.

Georgia, 302 F.3d at 1247–48.

The parties agree that the Corps’ rejection of Geor-
gia’s 2000 request constituted a final agency action,
of which both the district court and this Court have
jurisdiction to review. Central to the Corps’ rejection
was the Corps’ conclusion that water supply was not
an authorized purpose of the Buford Project. We now
hold that the Corps erred in drawing this conclusion.
The text of the 1946 Rivers and Harbors Act—
specifically, the Newman Report, whose language is
incorporated into the statute—clearly indicates
Congress’ intent to include water supply as an au-
thorized purpose in the Buford Project.

The 1945 and 1946 Rivers and Harbors Acts au-
thorized the building of the Buford Project and serve
as the baseline for the Corps’ authority to operate
the dam.17 The Georgia Parties contend that the
district court seriously erred in its interpretation of
the scope of its authority under the Act and neglect-
ed to note the specific authorization for water supply

17 The 1945 RHA is less pertinent to the analysis than the 1946
Act because the final plans for the Buford Project, most notably
its location and size, were not determined until the writing of
the Newman Report, which post-dated the 1945 statute.
Therefore, the majority of the discussion in this opinion centers
on the 1946 RHA and any mention of the RHA without a
specific year is a reference to the 1946 statute.



47a

in the statute. The district court rejected this argu-
ment and held that water supply was only intended
to be an incidental benefit of other operations and
that the RHA did not authorize any storage for water
supply in Lake Lanier.

The RHA authorized the development of the ACF
Basin “in accordance with the report of the Chief of
Engineers, dated May 13, 1946.” 60 Stat. at 635. The
Chief of Engineers Report incorporated the Division
Engineer’s Report—i.e. the Newman Report. Thus,
the statute fully incorporated the terms of the New-
man Report. The Newman Report specifically modi-
fied the recommendations of the Park Report—the
foundational report for the 1945 RHA—by proposing
the building of a single multi-purpose reservoir
upstream of Atlanta instead of three separate reser-
voirs. One advantage of such a move was that the
new dam could more easily accommodate water
supply needs.

As the Newman Report made clear, the dam was
designed with water supply specifically in mind. At
times, water supply was even to be accommodated at
the expense of optimal hydropower generation. The
Newman Report explained:

If operated at 100–percent load factor, the Buford
development would provide a minimum continuous
flow of 1,634 second-feet,18 more than sufficient for
the water needs of the Atlanta area. However, if
the plant were operated on peak loads, as it should
be for maximum power value, it would be shut
down during week ends and week-day off-peak
periods; as a result of those shut-downs, the mini-
mum flow at Atlanta from the area below Buford

18 “Second-feet” is another way of saying cfs.



48a

Dam would be only about 50 second-feet. Under the
same conditions of operation, the maximum flow at
Atlanta at the daily peak of the load would be over
3,000 second-feet. In order to meet the estimated
present needs of the city, and to prevent damage to
fish, riparian owners, and other interests by com-
plete shutdowns of the Buford plant during the
daily and week-end off-peak periods, varying flows
up to a maximum of 600 second-feet should be re-
leased from Buford so as to insure at all times a
flow at Atlanta not less than 650 second-feet. This
flow could be used to operate a small generator to
generate off-peak power as secondary energy, re-
serving the remaining storage for peak operation.
This minimum release may have to be increased
somewhat as the area develops. This release at
Buford would not materially reduce the power re-
turns from the plant, and would not affect the pow-
er benefits from plants downstream; the benefits to
the Atlanta area from an assured water supply for
the city and Georgia Power Co.’s steam plant would
outweigh any slight decrease in system power val-
ue.

Newman Report ¶ 80.

There are several critical provisions in this para-
graph of the report. First, Congress contemplated
that “the estimated present needs of the city” for
water supply would be met by the initial Project by
“insur[ing] at all times a flow at Atlanta not less
than 650 second-feet.” Id. Indeed, Congress provided
in the construction of the project that, in addition to
the two large turbines, there would be “a small
generator to generate off-peak power as secondary
energy, reserving the remaining storage for peak
operation.” Id. This small turbine was constructed
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for the sole purpose of providing off-peak releases of
600 cfs (without completely losing the value of these
releases for power generation). If operated for maxi-
mum power value, the dam would be shut down
during off-peak hours and would release no water,
limiting water flow at Atlanta to a rate of 50 cfs.
Such an operational scheme would not require a
small turbine at all. Thus, the design of the project
and the operational scheme were influenced by water
supply concerns.

Second, the minimum flow was provided for not-
withstanding the clear Congressional intent that it
would be at the expense of “maximum power value.”
Id. Congress recognized that shutting down all water
releases during off-peak hours would create an
insufficient flow in the river downstream at Atlanta
to meet the city’s water supply needs. Therefore,
even though Congress recognized that there would
be some detriment to power generation, it neverthe-
less provided for a minimum flow of 650 cfs at Atlan-
ta. The Newman Report, and thus the authorizing
legislation itself, explicitly stated as much. The
legislation provided, in connection with the initial
minimum release requirement and the contemplated
increases thereof, that “the benefits to the Atlanta
area from an assured water supply for the city * * *
would outweigh any slight decrease in system power
value.” Id.

Third, Congress recognized that “[t]his minimum
release may have to be increased somewhat as the
area develops.” Id. Indeed, in the immediately pre-
ceding paragraph, the authorizing legislation consid-
ered the growing need for water supply to the metro-
politan area over a future 19–year period and spoke
of increasing off-peak releases to accommodate the
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water supply needs of the Atlanta area in 1965. That
future water supply need was estimated to require a
river flow at Atlanta of 800 cfs. Id. ¶ 79. Thus, the
original authorizing legislation expressly contem-
plated a very substantial increase in the operation of
the Buford Project to satisfy the water supply needs
of the Atlanta area (i.e., from 650 cfs to 800 cfs in the
river flow at Atlanta).19

In light of the foregoing statutory language, and
particularly Congress’ intent that the Corps should
have authority to accommodate the Atlanta area’s
water supply needs at the expense of some detriment
to “system power value,” we cannot conclude that

19 The language of the paragraph reads:

Local interests state that, in 1941, 70 second-feet of water
were required for domestic and industrial purposes at At-
lanta, and 415 second-feet for condensing water at the At-
kinson steam-electric plant of the Georgia Power Co. on the
river bank near mile 299.5; that an additional unit since
installed has raised the total requirement of the steam
plant to 565 second-feet; and that the total requirement for
the Atlanta area for 1965, based on a population of 600,000
at that time, will be 600 second-feet for condensing water,
120 second-feet for municipal supply, and 80 second-feet of
raw water for industries—a total of 800 second-feet.

Newman Report ¶ 79. Thus, as of the time of the 1946 stat-
ute, it seems that domestic and industrial water supply needs
at Atlanta required a minimum river flow at Atlanta of 635
cfs (70 + 565). And the authorizing legislation contemplated
that 19 years hence, in 1965, that requirement would in-
crease to 800 cfs, a substantial increase. In evaluating the
extent of the Corps’ authority to satisfy the water supply
needs of the Atlanta area, it is clearly relevant that Congress
explicitly contemplated this substantial increase in water
supply. The district court’s injunction, limiting off-peak re-
leases to 600 cfs, is obviously inconsistent with this contem-
plated increase in water supply. The 600 cfs level was the
initial mandate in the authorizing legislation, id. ¶ 80, and
Congress explicitly contemplated substantial increases. Id.
¶¶ 79, 80; see also, supra, note 10.
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Congress intended for water supply to be a mere
incidental benefit. By definition, one purpose that is
to be accomplished to the detriment of another
cannot be incidental.20 Thus, the language of Sec-
tions 79 and 80 clearly indicates that Congress
intended for water supply to be an authorized, rather
than incidental, use of the water stored in Lake
Lanier.21

Appellees argue that the Newman Report’s refer-
ences to water supply as “incidental” demonstrates

20 The adjectival forms of the term “incident” can mean “subor-
dinate to something of greater importance; having a minor
role” or “dependent upon, subordinate to, arising out of, or
otherwise connected with.” Black’s Law Dictionary 830 (9th
ed.2009). The superiority of water supply to hydropower in
certain instances demonstrates that it could not have been a
purely subordinate purpose. Likewise, the superiority of water
supply under certain circumstances demonstrates that it was
not meant to be fully dependent upon hydropower.

21 In Alabama, we stated, “Lake Lanier was created for the
explicitly authorized purposes of flood control, navigation, and
electric power generation.” 424 F.3d at 1122. We went on to
say, “the Corps has historically maintained that water supply
use is an ‘incidental benefit’ flowing from the creation of the
reservoir.” Id. These statements were mere dicta. The issue on
appeal in Alabama was whether the district court’s enjoining of
the proceedings in the D.C. District Court (halting the finaliza-
tion of the settlement agreement in SeFPC) was proper. The
parties did not brief the issue of the Corps’ water supply
authority and this Court gave the topic no discussion, save for
that quoted above. Thus, these statements were not the
product of actual litigation, were not a “critical and necessary
part of the judgment,” and have no preclusive effect on the
decision in this case. See Christo v. Padgett, 223 F.3d 1324,
1339 (11th Cir. 2000) (quotation omitted). The current appeal
has allowed the Court to scrutinize more closely the Corps’
water supply authority. After a full analysis of the language
and legislative history of the RHA and consideration of the
arguments of the parties, we conclude that Congress intended
for water supply to be included as an authorized purpose of the
Buford Project.
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that water supply was not an authorized purpose of
the Buford Project. This is an attractive proposition
due to its simplicity, but the context of these refer-
ences undermines this claim. The language in ques-
tion is as follows:

The city of Atlanta and other local interests in that
area have strongly urged that the Roswell devel-
opment, 16 miles upstream of Atlanta, or one or
more other reservoirs above Atlanta, be provided
first, in order to meet a threatened shortage of
water, during low-flow periods, for municipal and
industrial purposes. If the regulation storage reser-
voir required for the economical operation of the
proposed developments below Columbus could be
located above Atlanta, it would greatly increase the
minimum flow in the river at Atlanta, thereby pro-
ducing considerable incidental benefits by reinforc-
ing and safeguarding the water supply of the met-
ropolitan area.

Newman Report ¶ 68 (emphasis added). We con-
clude that this single reference to water supply as an
“incidental benefit” was an explanation for why the
dam would be built above Atlanta and was not meant
to confer a subordinate status.

The Corps in the Park Report proposed the con-
struction of three dams at Cedar Creek, Lanier, and
Roswell. Id. The Corps subsequently determined in
the Newman Report that the system of dams in the
ACF Basin would operate substantially more effi-
ciently if one large dam was built instead. The agen-
cy decided to locate the dam at Buford, approximate-
ly 47 miles upstream of Atlanta. Paragraph 68 was
an explanation for why the Corps deemed it benefi-
cial to build the dam at this location; the explana-
tion: water supply. An upstream location would allow
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the Corps to secure Atlanta’s water supply as an
incident of the other authorized purposes. That is to
say that the aim of benefitting water supply could be
accomplished without any significant detriment to
hydropower, navigation, or flood control. The report
stated that the revised location and size of the dam
and reservoir would result in “greatly increase[d] * *
* minimum flow in the river at Atlanta, thereby * * *
reinforcing and safeguarding the water supply of the
metropolitan area.” Id. This benefit would be inci-
dental to power generation because the water consti-
tuting the river flow at Atlanta would have generat-
ed power as it passed through the generators. There
is no indication that the use of the word “incidental”
in Paragraph 68 was meant to describe the im-
portance of water supply to the project or even the
importance of water supply vis-a-vis the other project
purposes.

This reading is further supported by the phrase
“safeguarding the water supply of the metropolitan
area.” Id. The fact that references to incidental
benefits and the safeguarding of water supply were
made in the same breath demonstrates that the
Newman Report did not use the term as an indica-
tion of a subordination of the importance of water
supply. Instead, the “safeguarding” language of
Paragraph 68 indicates the critical nature of the
water supply purpose to the project. In fact, the
Newman Report went on to describe the importance
of the Buford Project for the protection and assur-
ance of Atlanta’s water supply on at least four other
occasions. Id. ¶¶ 73 (“would ensure an adequate
water supply for the rapidly growing Atlanta metro-
politan area”), 80 (“insure at all times a flow at
Atlanta”) (“the benefits to the Atlanta area of an
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assured water supply for the city”), 100 (“would
ensure an adequate municipal and industrial water
supply for the Atlanta area”). Congress’ focus on the
need to ensure the Atlanta area’s water supply
serves as strong evidence of the primary role given to
water supply in the project.

The only other reference in the authorizing legisla-
tion to water supply as incidental appears in the
Newman Report at Paragraph 100.22 There, the final
sentence of the paragraph begins with the word
“incidentally” and lists several project benefits that
would not significantly harm other project purposes.
One of the listed benefits is flood control, which

22 The language of this paragraph reads:

The foregoing results cannot be secured by the plants below
Columbus proposed herein unless a considerable storage be
provided upstream to increase the minimum regulated flow
and the firm capacities at those plants; without such up-
stream storage, the developments would not be economically
justified. The best development for that purpose is that at
Buford proposed herein. Provision of that development as
part of the system would increase the minimum monthly flow
at the Upper Columbia site from about 1,300 second-feet to
6,040 second-feet, with a corresponding increase at the Junc-
tion site. It would greatly increase both the quality and quan-
tity of the energy output at existing plants above Columbus.
It would simplify the reregulation of flows at Junction to
provide a more adequate continuous flow at all times in the
Apalachicola River for navigation. Without Buford, about
4,000,000 cubic yards of excavation would be required in the
Apalachicola River below Junction to provide a channel 9 feet
deep; with Buford, the excavation required would be reduced
to about one-half that amount. Incidentally, it would ensure
an adequate municipal and industrial water supply for the
Atlanta area, would produce large benefits in the way of
recreation, fish and wildlife conservation, and similar mat-
ters, and would, with the added flood-control storage proposed
herein, contribute to the reduction of floods and flood damag-
es in the basin below.

Id. ¶ 100 (emphasis added).
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Appellees concede is an authorized purpose. This use
of the term “incidentally” cannot be construed to
mean that water supply was intended to be a subor-
dinate use because flood control is referred to in the
same manner in the sentence. This fact is further
illustrated by yet another reference to the protection
of water supply in the same sentence—“would ensure
an adequate municipal and industrial water supply
for the Atlanta area.” Id. ¶ 100. Again, as in Para-
graph 68, the meaning conveyed in Paragraph 100 is
a description of how the several authorized purposes
could be accomplished harmoniously and the manner
in which all were better served by locating the pro-
ject at Buford. For these reasons, and especially
because of the clear language in Paragraphs 79 and
80 of the authorizing legislation, we do not read the
sparse use of the term “incidental” as indicative of
the status of water supply as an authorized use vel
non.

Appellees argue that the original project did not
contemplate storage in Lake Lanier for water supply
and that this is an indication that Congress did not
intend for water supply to be an authorized purpose.
We disagree. The lack of storage allocation for water
supply sheds no light on the intentions of Congress.
No storage allocation was specified for navigation in
the Newman Report even though navigation is
universally accepted as an authorized purpose of the
Buford Project. See H.R. Doc. No. 80–300, Letter
from Lieutenant General R.A. Wheeler, Chief of
Engineers, ¶ 11(d). Furthermore, no storage was
needed at the time for water supply. Almost all of the
Atlanta area’s water supply requirements could be
met at the time as an incident to, or byproduct of, the
generation of power. Thus, the lack of initially allo-
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cated storage for water supply is not at all incon-
sistent with the Congressional intent that water
supply was an authorized purpose.

For the same reason, we believe that the fact that
the localities were not asked initially to contribute to
the costs of the project is of no moment in determin-
ing Congress’ intent with respect to water supply
authorization. Georgia, in 1946, did not require a
significant amount of water beyond that which was
provided by normal project operations for power
generation, so a request for state contribution to the
project would not have made sense. It would have
meant asking the state to pay for a service that the
Corps could provide essentially without cost. Moreo-
ver, at that time, Atlanta’s current water supply
usage required a flow of the river at Atlanta of 635
cfs.23 Even “[d]uring the extremely low-flow month of
October 1941, the average flow for the month was
493 second-feet, and the minimum daily flow [was]
422 second-feet.” Id. ¶ 79. In other words, before the
Buford Dam was built, the river was providing the
water supply needs of the Atlanta area. The re-
quirement in the legislation that the Corps make
releases “so as to [e]nsure at all times a flow at
Atlanta not less than 650 second-feet,” id. ¶ 80,
merely provided water supply roughly commensurate
to that which the river was already providing. It is
not likely that the Corps or Congress would have
thought it appropriate to charge Atlanta for con-

23 See Newman Report ¶ 79 (“70 second-feet of water were
required for domestic and industrial purposes at Atlanta.” In
addition, the Atkinson steam-electric plant had recently
installed an “additional unit * * * [that] raised the total re-
quirement of the steam plant to 565 second-feet.” The two
requirements total 635 cfs.).
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struction costs of a project that merely replaced its
currently available water supply.

The Corps could potentially have asked Georgia to
pay on the basis of future water supply needs that
would affect project operations, but it was not at all
clear how much water would be needed in the fu-
ture.24 After all, it would be almost 30 years after the
Newman Report before the Corps would sign its first
water supply contract—excluding the small reloca-
tion contracts made as compensation for inundating
the intakes of Gainesville and Buford. Divining the
value of water supply to the localities in the future
would have resulted in speculative and potentially
misleading results.25 Similarly, the fact that in its
cost-benefit analysis, the Newman Report did not
assign a particular dollar amount to water supply is

24 In 1949, the Corps stated that the Buford Project’s assurance
of Atlanta’s water supply would be a “real benefit” but that it
was premature to attempt a specific calculation of that benefit.
Definite Project Report ¶ 124.

25 The 1937 Flood Control Act (“FCA”) allowed states and
localities to request that the Corps, prior to construction of a
flood control project based on a given set of plans, modify those
plans for the inclusion of storage for water supply. The act
required that localities pay the full cost of such increased
storage capacity. Alabama and Florida argue that it is incon-
ceivable, in light of the framework of the FCA, the only general
statutory grant of water supply authority to the Corps in 1946,
that Congress would authorize water supply storage in Lake
Lanier without requiring contribution from the localities. The
FCA itself is not applicable to this project because Buford was
designed to be a multi-purpose project, and not merely a flood
control project. Furthermore, it was not inconsistent for Con-
gress to request contribution for projects that had to be altered
to accommodate water supply, but not to request contribution
for projects which merely replaced water supply already
provided by the river, which water supply could be provided by
the project as a by-product of power generation and with little
detriment to other project purposes.
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not an indication that it was not authorized because
the benefits of water supply were indeterminate at
the time.26

One final point merits mentioning. Before the Dam
was built, or even planned, the Chattahoochee pro-
vided almost all of the City of Atlanta’s water supply.
The building of the dam could have been a potential
threat to the city’s ability to withdraw water from
the river because the Corps had an incentive—
optimal power generation—to shut off all water flow
in the river for long stretches of time. Congress
responded to this concern by establishing a minimum
flow requirement and noting that this requirement
might have to be increased over time. Congress also
clearly indicated that the Buford Project was intend-
ed to benefit the Atlanta area’s needs by assuring the
water supply. If water supply had been deemed a
subordinate purpose by Congress, the Buford Project
would have been detrimental, rather than beneficial,
to the Atlanta area’s water supply needs. That is to
say, if the only water being supplied was to be a
subordinate byproduct of power generation, then the
City of Atlanta would have eventually found itself
able to withdraw less water from the river than it
would have been had no dam been built at all. In
light of the repeated references in the authorizing
legislation to safeguarding and ensuring an adequate
water supply for Atlanta, Congress very clearly did
not intend the dam to harm the city’s water supply.

The language of the RHA clearly indicates that
water supply was an authorized purpose of the

26 It bears noting that the Corps was not required to conduct
cost-benefit analyses on all project purposes until 1952. See
Bureau of Budget, Executive Office of the President, Budget
Circular A–47 (Dec. 31, 1952).
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Buford Project. Appellees’ arguments to the contrary
are unconvincing for all of the reasons mentioned
above. Thus, we conclude that water supply was an
authorized purpose of the RHA and that the RHA
authorized the Corps to allocate storage in Lake
Lanier for water supply.

Part III. Georgia’s 2000 Request Must be Remanded
to the Corps

The Corps argues that its interpretation of the
RHA in the 2002 Stockdale Memo, which supplied
the legal reasoning for the denial of Georgia’s water
supply request, is entitled to deference from this
Court. The RHA authorized the Corps to build the
Buford Project in accordance with the Corps’ plans
and “with such changes therein as in the discretion
of the Secretary of War and the Chief of Engineers
may be advisable.” H.R. Doc. No. 80–300, Letter from
Lieutenant General R.A. Wheeler, Chief of Engineers
¶ 16. The Corps asserts that this gives the agency
wide latitude in its interpretive authority. Addition-
ally, the Corps argues that because it prepared the
reports which comprise the language of the RHA, its
“interpretation of the statute merits greater than
normal weight because it was the [Corps] that draft-
ed the legislation and steered it through Congress
with little debate.” Howe v. Smith, 452 U.S. 473, 485,
101 S.Ct. 2468, 2476, 69 L.Ed.2d 171 (1981). Despite
the high level of respect owed to the Corps’ interpre-
tations with regard to the RHA due to its unique role
in shaping the statute, we cannot defer to the Corp’s
interpretation of its water supply authorization in
this instance. Even heightened deference cannot lead
this Court to ignore the plain and express will of
Congress, especially where, as here, the Corps’
interpretation has not been consistent.
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Under the APA, reviewing courts must set aside
agency action that is “arbitrary, capricious, an abuse
of discretion, or otherwise not in accordance with
law.” 5 U.S.C. § 706(2)(A). The denial of Georgia’s
request was based on a clear error of law—the Corps’
misinterpretation of the RHA. Therefore, the Corps’
interpretation cannot be granted deference, in spite
of the agency’s role in drafting the language of the
legislation.

The seminal case Chevron, U.S.A., Inc. v. Natural
Resources Defense Council, Inc., 467 U.S. 837, 842–
44, 104 S.Ct. 2778, 2781–82, 81 L.Ed.2d 694 (1984),
set up a two-step framework for evaluating whether
a court must defer to an agency’s construction of a
statute it is charged with administering. Deference
from the court is due if (1) Congress has not spoken
directly on the precise question at issue and its
intent is unclear, and (2) the agency’s interpretation
is based on a permissible construction of the statute.
Id. The argument for Chevron deference in this case
fails at both steps because Congress made clear its
intention that water supply was an authorized
purpose of the Buford Project. As discussed above,
the Newman Report repeatedly stated that the
Buford project would protect and assure the water
supply of the Atlanta metropolitan area. Further-
more, the Report authorized the use of water for
water supply at the expense of maximum hydropow-
er generation. Congress’ acknowledgment that water
supply, in certain instances, was to be provided at
the expense of maximum power generation necessi-
tates the conclusion that water supply was not to be
subordinate to other project purposes and was in-
stead an authorized purpose in its own right. The
Corps’ interpretation that the RHA relegated water
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supply to incidental status cannot be reconciled with
the plain language of the statute. The clear Congres-
sional intent in the 1946 RHA was that water supply
was to be an authorized purpose, and the Corps’
contrary interpretation is erroneous and cannot be
accepted by this Court.27

A significant fact undermining any deference to the
Corps on this issue is the fact that the Corps has also
been inconsistent in its statements about whether
water supply was an authorized purpose. The 2002
Stockdale Memo concluded (incorrectly) that water
supply was not an authorized purpose, but this is not
consistent with previous Corps statements on the
matter. In the Corps’ 1949 Definite Project Report,
the Corps referred to water supply as one of the
“primary purposes” and one of “the princip[al] pur-
poses of the Buford Project.” ¶¶ 48, 115. This 1949
Report was a formal pronouncement on the issue,
and the one most nearly contemporaneous to the
actual enactment. In a 1987 regulation, 33 C.F.R. §

27 The Corps concedes that the 2002 Stockdale Memo might not
be entitled to Chevron deference because it may be deemed an
internal guidance document that does not decide legal rights.
See Christensen v. Harris Cnty., 529 U.S. 576, 587, 120 S.Ct.
1655, 1662–63, 146 L.Ed.2d 621 (2000). If this is the case, then
the Corps’ legal interpretations in the document deserve
Skidmore deference, meaning that the interpretations are
“entitled to respect * * * but only to the extent that those
interpretations have the power to persuade.” Id. (internal
quotation marks and citations omitted). Because the clear
intent of the RHA forecloses the higher Chevron level of defer-
ence, it follows that Skidmore deference is also not applicable to
the facts of this case. In light of Congress’ intent to include
water supply as an authorized purpose, the Corps’ contrary
determination is not at all persuasive. Since neither type of
deference can be given to the Corps’ legal determinations, we
need not decide whether the Skidmore or Chevron framework is
applicable on the instant facts.
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222.5, App’x E, the Corps listed water supply as a
project purpose for Buford. In the Corps’ comprehen-
sive 1994 report to Congress, which listed the au-
thorized purposes for Corps projects across the
country, water supply was included as an authorized
purpose of Buford under the RHA.28 U.S. Army
Corps of Eng’rs: Hydrologic Engineering Center,
Authorized and Operating Purposes of Corps of
Engineers Reservoirs E–94 (1994). That report also
defined the term “incidental benefits” and stated that
incidental benefits, though they were important,
were not the subject of the report and would not be
listed. Id. at 3–4. The Corps and the Appellees offer
no explanation for why the Corps indicated that
water supply was an authorized purpose in 1949,
1987, and 1994 but took a contrary position in
2002.29

28 Recreation and fish and wildlife are also listed as authorized
purposes in the report. However, the authorizing statute listed
in the report for water supply is the RHA. Recreation and fish
and wildlife are listed as being authorized by statutes not at
issue in this case.

29 The Corps argues that any inconsistency in its interpretation
is irrelevant to the deference analysis, citing National Cable &
Telecommunications Ass’n v. Brand X Internet Services, 545
U.S. 967, 981, 125 S.Ct. 2688, 2699–2700, 162 L.Ed.2d 820
(2005). However, the holding of Brand X does not go quite this
far. The case merely states that Chevron may be applicable to
instances in which the agency has changed its position “if the
agency adequately explains the reasons for a reversal of
policy.” Id. at 981, 125 S.Ct. at 2699. This Court has also noted
that an agency must be allowed to shift its position over time
and that such shifts should even be accorded deference by
reviewing courts. Friends of the Everglades v. S. Fla. Water
Mgmt. Dist., 570 F.3d 1210, 1219 (11th Cir. 2009). But in this
case, the Corps has given no explanation for the reasoning
behind any changes in policy. Also, the Corps’ position has not
merely changed; rather, it has been in such a constant state of
flux that it appears to have not yet fully formed. In any event,
the authorizing legislation itself is sufficiently clear; water
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The Corps argues that even if it erred in its inter-
pretation of the RHA, its rejection of Georgia’s water
supply request should be allowed to stand. The Corps
suggests that it accounted for the possibility that
water supply was an authorized purpose of the
Buford Project and still concluded that the request
exceeded its authority. In support of this contention,
the Corps points to the following language in the
Stockdale Memo: “Even if water supply were a
specifically authorized purpose of the reservoir (and
the 1958 Act did not apply), the state’s request would
require substantial changes in the relative sizes of
project purposes. This would represent a material
alteration of the project, which would require con-
gressional action.” 2002 Stockdale Memo at 11
(internal quotation marks omitted).

The Corps argues that this constitutes an alterna-
tive conclusion and that there is no reason to believe
that it is incapable of considering a legal hypothet-
ical. It argues that remanding the case for a consid-
eration that it already gave would be duplicative.
However, an administrative agency’s alternative
explanation for denying a state’s request is “arbi-
trary, capricious * * * or otherwise not in accordance
with law” if it is based on an impermissible reading
of the authorizing statute or statutes. See Massachu-
setts v. Envtl. Prot. Agency, 549 U.S. 497, 532–34,
127 S.Ct. 1438, 1462–63, 167 L.Ed.2d 248 (2007)
(holding that the EPA’s reading of a statutory phrase
in its alternative explanation for why it did not
regulate greenhouse gas emissions was not in con-
formity with the statute, and thus remanding to the
EPA). The Corps’ hypothetical, which is reiterated

supply is an authorized purpose.

http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2011843426&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_1462
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2011843426&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_1462
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=2011843426&pubNum=708&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_708_1462


64a

almost verbatim in the conclusion of the memo, 2002
Stockdale Memo at 13, rests squarely on an errone-
ous legal proposition. In this alternative hypothet-
ical, the Corps mistakenly assumes that the WSA
would not apply to the agency’s determination of its
authority to grant the Georgia request if water
supply were authorized by the RHA. This assump-
tion has no foundation in law. The WSA nowhere
indicates that it is superceded by, or supercedes,
original authorizations for water supply. The Act was
merely intended to offer greater water supply au-
thority in federal water projects than had previously
existed. For that authority to be supplemental to
authority already extant in a given project is perfect-
ly consistent with the language and purpose of the
statute. To assume, as the Corps has in its alterna-
tive conclusion, that the WSA does not apply to the
Buford Project merely because the authorizing
statute included water supply as an authorized
purpose is not supported by the language of the WSA
or by its intended aim of increasing water supply
authority in federal projects. The Corps’ holding in
the alternative must be rejected because it misinter-
prets the scope of the WSA.

The Corps’ alternative conclusion is also under-
mined because, despite the Corps’ contentions oth-
erwise, its misinterpretation of the RHA was essen-
tial to its conclusion that it lacked authority to grant
Georgia’s request. The majority of the memorandum
is devoted to the potential effects of granting the
request and whether these effects would be con-
sistent with the Corps’ authority under the WSA.
The discussion of the agency’s authority under the
WSA is predicated on the assumption that the base-
line level of authorization from the RHA is zero and
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that no storage may be allocated to water supply
pursuant to the RHA. It is only at the very end of the
discussion of the Corps’ authority that the agency
considers arguendo the possibility that the RHA
authorized water supply. Its brief discussion of this
alternative is flawed in two respects. First, as noted
above, the Corps erroneously assumes that if the
RHA included water supply as an authorized pur-
pose, the WSA would not be applicable at all. Second,
although purporting to assume water supply was an
authorized purpose of the RHA, the Corps neverthe-
less underestimated its RHA authority. It failed to
recognize that the authorizing legislation in 1946 not
only included water supply as an authorized purpose
but explicitly contemplated that the Corps was
authorized to increase water supply usage over time
as the Atlanta area grew and that this increase
would not be a change from Congressionally contem-
plated operations at all. Thus, the Corps never
considered its authority under the RHA to substan-
tially increase its provision of water supply and
reallocate storage therefor—authority which we hold
today was granted by the RHA. And the Corps never
considered its WSA authority to provide water
supply as an addition to (or as supplementing) its
RHA authority. The failure of the Corps in these
respects renders its alternative reason for denying
Georgia’s request arbitrary, capricious, or otherwise
not in accordance with the law.30

30 For example, in the portion of the 2002 Stockdale Memo
dealing with the alternative rationale, Stockdale 2002 at 11,
the Corps spoke of the general limitation on its discretionary
authority to make post-authorization changes in projects
without seeking additional Congressional authority—i.e., the
Corps’ lack of authority to make substantial changes in the
relative sizes of project purposes—without any recognition of



66a

Several other factors also indicate that the Corps’
rejection of the water supply request should be
remanded for further consideration. First, attached
to the 2002 Memo is a “preliminary analysis of the
impacts of Georgia’s water supply request on author-
ized project purposes and operations.” The Corps’
analysis on the effects of the Georgia request was
thus incomplete. Because the Corps’ authority to
grant the request may be dependant on the precise
size and effect of the request, it is crucial that the
Corps complete its evaluation of the request. The
need for further study recommends remand to the
Corps.

Second, it is also apparent that the Corps’ views
regarding its authority to allocate storage in Lake
Lanier to water supply are evolving and that it has
not come to a final, determinative decision regarding
the issues underlying this authority. There are
several pieces of evidence for this. In 2002, the Corps
rejected the Georgia request, asserting that it did not
have sufficient authority to reallocate 34% of conser-
vation storage. However, in 2004, it agreed to settle
the Geren case, in part by reallocating what the
settling parties determined at that time to be 22% of
the conservation storage. The Corps determined that
it could make such a reallocation on the basis of its
WSA authority alone. Though these decisions are not
directly conflicting, the Corps never explained why it
believed that the 12% storage allocation difference

the fact that the authorizing legislation here already gave the
Corps authority to increase the water supply purpose at the
expense of the hydropower purpose and without recognition of
the fact that the legislation explicitly contemplated a consider-
able such increase to meet the water supply needs estimated 19
years in the future. See Newman Report ¶¶ 79, 80.
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between the two caused it to exceed its authority. If
the RHA authorizes some storage reallocation to
water supply, as we hold today that it does, then the
Corps should explain why this difference in allocated
storage between the Georgia request and the settle-
ment agreement pushed it beyond the boundaries of
its authority. Additionally, the Corps has revised its
figures for how much storage must be allocated to
accommodate current levels of water supply with-
drawal. In the 2002 memo, the Corps asserted that
current withdrawals required a 13% reallocation of
conservation storage. On appeal, the Corps claims
that the current withdrawal levels are only 11.7%. It
appears that the Corps may no longer conclude that
Georgia’s request would require an allocation as
large as 34%. Any such decrease in the Corps’ projec-
tion of the amount of storage it deems required for
water withdrawals could also affect its determination
of its authority over the Georgia request.31

31 The Corps’ position in this appeal seems to favor evaluating
water supply authority via an analysis of the detrimental effect
of increased water supply on the production of hydropower as
an alternative to an analysis predicated solely on the percent-
age of conservation storage being reallocated. See Brief of U.S.
Army Corps of Eng’rs, et al. at 99–100, Tri–State Water Rights
Litigation, No. 09–14657 (11th Cir. May 3, 2010) (explaining
that the “de facto” reallocations of storage to account for
current water supply uses causes a systemwide reduction of
hydropower of only 1%). The present discussion of percentage
allocations is not meant to be an endorsement of this method of
evaluating the Corps’ authority. It is merely meant to describe
the evolving nature of the Corps’ stated reasoning for its
conclusions with respect to the bounds of its authority. In fact,
the Corps’ former reliance on percentage-based allocations and
its seeming current reliance on effects on project purposes may
also represent a shift in policy. We conclude that the D.C.
Circuit’s Geren opinion does not foreclose the Corps from fully
exploring this issue. See infra, Part VI. On remand, the Corps
should determine the optimal methodology for measuring its
authority over water supply allocations.
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Finally, because the other matters in this appeal
must be remanded to the Corps, it is sensible and
efficient for the agency to consider the overlapping
issues that are common to Georgia and the other
cases together as part of a comprehensive decision
about the Corps’ future water supply operations. The
conclusions that the Corps reaches with respect to
the questions at issue in the other cases will provide
it with a more complete analysis of the issues in
Georgia, as well. For example, the Corps’ determina-
tions of its authorization over current water supply
withdrawals will necessitate a thorough study of the
amount of storage required for water supply. Also,
this appeal represents the first opportunity for a
court to consider the Corps’ authority under both the
RHA and the WSA. Our holding—that water supply
is an authorized purpose under the RHA, that the
Corps does have some authority under the RHA to
balance as among the authorized uses and increase
the water supply purpose at the expense of the power
purpose and to reallocate storage therefor, and that
the Corps’ authority under the WSA is in addition to
its authority under the RHA—constitutes a clarifica-

A companion consideration in the Corps’ WSA analysis is the
concept of compensating the power users for the detrimental
effects of water supply on the power purpose. The Corps
accepted the notion of such compensation in the proposed
settlement in Geren, though the record shows no preceding
endorsement of this concept. Because the RHA authorized the
accommodation of some water supply needs at the expense of
the power purpose, the Corps must determine the proper
balance between water supply and power. Consequently, the
Corps must analyze whether compensation is a factor in
determining the extent of the Corps’ authority under the RHA,
whether under the WSA a reallocation of storage is an opera-
tional change, and whether such a change is major. See infra,
Part VI, note 41, indicating that Geren’s comments on the
compensation concept have no collateral estoppel effect.
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tion of the legal environment which will aid the
Corps in its analysis on remand. For these reasons,
we conclude that the Corps must reexamine the
request in light of its combined authority under the
RHA and WSA.32

Part IV. Gwinnett County’s Claims Not Involving
Authorization Under the RHA and WSA.

Gwinnett County asserts three claims that are
distinct from the claims of the Georgia Parties and
the Corps. First, the county asserts that a 1956 Act
of Congress authorized the Corps to contract with it
for 10 mgd for water supply. Second, Gwinnett
asserts that the Corps contracted with it to provide
permanent storage for roughly 40 mgd. Finally, the
county asserts that the Buford Project rendered its
intake facility at Duluth, Georgia inoperable and
that it is therefore entitled to water withdrawal
rights as just compensation. We find merit in the
first of these claims but reject the final two.

A. The Expiration of the 1956 Act

In 1956, Congress passed an act, in part, stating
the following:

[T]he Secretary of the Army is hereby authorized to
contract with Gwinnett County, Georgia, upon such
terms and for such period not to exceed fifty years
as he may deem reasonable for the use of storage
space in the Buford Reservoir for the purpose of
providing said county a regulated water supply in

32 It should also be noted that the Corps was granted additional
water supply authority in the 1956 Act. See infra, Part IV
Section A. References in this opinion to the Corps’ authority
under the RHA and the WSA are not to be construed as negat-
ing its additional authority under the 1956 Act.
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an amount not to exceed eleven thousand two hun-
dred acre-feet of water annually* * *.

Pub.L. No. 84–841, 70 Stat. 725. The district court
noted in a footnote that Gwinnett had not contracted
with the Corps pursuant to this authorization and
held that the authorization “expired in 2006.” Tri–
State, 639 F.Supp.2d at 1350 n. 24. The district court
has misread the plain language of the statute. The
fifty-year limitation in the Act refers to the duration
of any contract with Gwinnett, not to the expiration
of the Act itself. The phrase “not to exceed fifty
years” immediately follows the words “contract * * *
upon such terms and for such period” and there is no
grammatical cue that it should not be read as modi-
fying this phrase. The district court offers no expla-
nation for its unnatural reading of the statute and
none is evident to this Court. Moreover, the Act also
authorized the Corps to enter into a perpetual ease-
ment with Gwinnett, authorizing Gwinnett to build
the necessary facilities to withdraw water directly
from Lake Lanier on the Corps’ land. 70 Stat. at 725.
It would be illogical for Congress to give Gwinnett a
perpetual easement to implement an authorization
that would expire in fifty years. The district court’s
interpretation of the Act, which is espoused by
Appellees in this appeal, is inconsistent with the
Act’s language and its grant of an easement in
perpetuity.

To date there has not been a single contract be-
tween the Corps and Gwinnett predicated on the
authority of the 1956 Act. Such a contract in the
future would not be a reallocation of storage under
the WSA or the RHA because it is directly authorized
by Congress.
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B. Forty mgd from the 1974 Supplemental Agree-
ment to the Corps’ Contract

Gwinnett argues that in 1974 the Corps granted
the county the right to 38,100 acre-feet of permanent
storage so that it could withdraw roughly 40 mgd
directly from Lake Lanier. In 1973, Gwinnett and
the Corps entered into an interim water contract for
40 mgd. The following year, the parties revised
Article 9 of the contract to provide:

Upon expiration of the period of contract * * * the
User shall have the right to acquire from the Gov-
ernment * * * the right to utilize storage space in
the project containing at least 38,100 acre feet
(which is estimated to be adequate to yield approx-
imately 40 MGD of water).

Supplemental Agreement No.1 to Contract No.
DACW01–9–73–624 Between United States and
Gwinnett County, Georgia for Withdrawal of Water
from Lake Sidney Lanier (Apr. 29, 1974). The con-
tract stated that this revision was being made “in
order to facilitate the sale of bonds to finance [Gwin-
nett’s] proposed water works facilities.” Id. Subse-
quent supplemental agreements extended the life of
the contract until it was finally allowed to expire in
1990.

The contract gave Gwinnett the “right to acquire”
the storage space at the time of the expiration of the
contract. Thus, Gwinnett possessed an option (an
offer) to purchase storage space at the time of the
contract’s expiration, which the parties agree oc-
curred in 1990. “If no time is prescribed for accepting
an offer, it must be done within a reasonable time.”
Wilkins v. Butler, 187 Ga.App. 84, 369 S.E.2d 267,
268 (1988) (quotation omitted); see Home Ins. Co. v.
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Swann, 34 Ga.App. 19, 128 S.E. 70, 72 (1925); Re-
statement (Second) of Contracts § 41 (1981). Gwin-
nett has not demonstrated that it exercised its
acceptance of the option in 1990 or at any time since
then. More than twenty years have elapsed since the
time that the option became available, and the right
to accept the Corps’ offer to acquire the 38,100 acre-
feet of storage clearly has lapsed.33

C. Just Compensation for Relocation of the Duluth
Intake

On appeal, Gwinnett argues that it should have
been compensated because the creation of the Buford
Project led to contamination of its intake structure at
Duluth, which had to be abandoned in the early
1970s. Gwinnett failed to make this argument before
the district court. We generally do not consider
arguments raised for the first time on appeal and
need not do so here. Peek–A–Boo Lounge of Braden-
ton, Inc. v. Manatee Cnty., 630 F.3d 1346, 1358 (11th
Cir. 2011).

In any event, this argument is meritless. Gwinnett
fails to discuss the rights of the federal government
to make alterations to navigable waters. The federal
government possesses what is known as a naviga-
tional servitude, “the privilege to appropriate with-
out compensation which attaches to the exercise of

33 Gwinnett argues that any challenges to its right to storage
under the 1974 supplement are barred by the six-year statute of
limitations for actions against the United States. 28 U.S.C. §
2401(a). Though the statute has been extended to suits under
the APA, it is clearly inapplicable here. Appellees, and/or the
Corps, have nothing to challenge here, and consequently
nothing that they are barred from challenging, because the
Corps merely granted Gwinnett an unexercised option. No
permanent storage rights were ever conferred on Gwinnett by
the Corps.
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the power of the government to control and regulate
navigable waters in the interest of commerce.” Unit-
ed States v. Va. Elec. & Power Co., 365 U.S. 624, 627,
81 S.Ct. 784, 787–88, 5 L.Ed.2d 838 (1961) (internal
quotation marks omitted). The navigational servi-
tude is a dominant servitude, trumping all compet-
ing and conflicting rights to the waterway. Id. This
servitude extends to the entire river and the riverbed
lying below the high-water mark. United States v.
Rands, 389 U.S. 121, 123, 88 S.Ct. 265, 267, 19
L.Ed.2d 329 (1967). It is anchored in Congress’
commerce clause power. “The power to regulate
commerce comprehends the control for that purpose,
and to the extent necessary, of all the navigable
waters of the United States. For this purpose they
are public property of the nation, and subject to all
the requisite legislation by Congress.” Id. at 122–23,
88 S.Ct. at 266–67 (alteration omitted) (internal
quotation marks omitted).

The federal government does not execute a taking
of riparian interests by altering rivers for naviga-
tional purposes. The government’s dominant right to
make use of these waterways means that its actions
do not amount to an appropriation. This premise has
been explicitly stated several times in the context of
hydropower interests: The federal government is not
required to give compensation for water power when
it takes riparian lands in accordance with the navi-
gational servitude. E.g., Va. Elec., 365 U.S. at 629, 81
S.Ct. at 788; United States v. Twin City Power Co.,
350 U.S. 222, 226–27, 76 S.Ct. 259, 262, 100 L.Ed.
240 (1956); United States v. Appalachian Elec. Power
Co., 311 U.S. 377, 424, 61 S.Ct. 291, 307, 85 L.Ed.
243 (1940); United States v. Chandler–Dunbar Water
Power Co., 229 U.S. 53, 73–74, 33 S.Ct. 667, 676, 57
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L.Ed. 1063 (1913). Gwinnett offers no explanation for
why this principle should not be applied to the
riparian interest in water supply.

Because of the federal government’s dominant right
to make alterations in the river, the effect on Gwin-
nett’s riparian interests is not a taking. Thus, even if
Gwinnett had not abandoned its claim, the claim
would not be compensable.

Part V. Remand Instructions to the Corps

On remand, the Corps is to reconsider Georgia’s
request, as well as its authority with respect to the
current provisions for water supply, in light of its
authority under the RHA as well as the WSA and the
1956 Act. In particular, it should consider several
important factors with respect to the Newman Re-
port (i.e., the RHA). First, the Corps should take into
consideration that water supply for the Atlanta
metropolitan area was an authorized purpose of the
Buford Project as well as hydroelectric power, flood
control, and navigation. Second, Congress contem-
plated that the Corps would be authorized to cali-
brate operations to balance between the water sup-
ply use and the power use. Third, because Congress
explicitly provided that the “estimated present
needs” of the Atlanta area for water supply be satis-
fied at the expense of “maximum power value,”
Newman Report ¶ 80, we know that the water sup-
ply use is not subordinate to the power use. Fourth,
from Paragraphs 79 and 80 of the Newman Report,
we know that Congress contemplated that water
supply may have to be increased over time as the
Atlanta area grows.

However, the authorizing legislation is ambiguous
with respect to the extent of the Corps’ balancing
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authority—i.e., the extent of the Corps’ authority
under the RHA to provide water supply for the
Atlanta area. On the one hand, the authorizing
legislation recognized that the Chattahoochee River
was the source of the water supply for the Atlanta
area, and the legislation repeatedly referred to
safeguarding or assuring the water supply of the
metropolitan area. See Newman Report ¶¶ 79 and
80. It also recognized that the minimum releases
initially provided by the legislation to satisfy the
present water needs “may have to be increased
somewhat as the area develops.” Id. ¶ 80. On the
other hand, the legislation also contemplates that
assuring such water supply for the Atlanta area can
be done with a “slight decrease in system power
value.” Id.34 We conclude that the Corps, the agency
authorized by Congress to implement and enforce
this legislation, should, in the first instance, evaluate
precisely what this balance should be.35

34 Adding to the possible ambiguity, the quoted phrase from
Paragraph 80 refers to a “slight decrease in system power
value,” but Congress contemplated, in the preceding Paragraph
79, a considerable increase in the river flow at Atlanta during
off-peak hours in order to provide for Atlanta’s water supply
needs nineteen years in the future. Paragraph 79 contemplated
increasing the river flow at Atlanta from 650 cfs to 800 cfs.

35 The Georgia Parties specifically assert that the Corps has
authority under the RHA to increase releases from the dam in
order to provide water supply to downstream users, and to
reallocate storage for this purpose, an assertion with which we
agree today. However, The Georgia Parties do not specifically
assert that, in addition to the foregoing authority, the RHA also
gives the Corps authority to make direct withdrawals from
Lake Lanier for water supply. Although the authorizing
legislation recognized that the Chattahoochee River was the
source of water supply for the Atlanta area, and although
Congress specifically contemplated ensuring and safeguarding
the area’s water supply, the only way that the RHA mentions
for ensuring the water supply of the Atlanta area is by means of
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Once the Corps has determined the extent of its
authority under the RHA, it should then determine
its authority pursuant to the WSA. The authority
under the WSA will be in addition to the Corps’
authority under the RHA and the 1956 Act.

It is apparent from the record and the evolving
position of the Corps that the Corps has not arrived
at a final, definitive determination of the scope of its
authority to allocate storage to water supply. For
example, it is not clear whether the Corps has ar-
rived at a firm calculation of how many gallons per
day can be provided for the Atlanta area’s water

increasing releases from the dam for the purpose of down-
stream withdrawals. It also appears that the Corps’ position
has been more consistent with respect to its lack of authority
under the RHA to provide direct withdrawals than it has in
other regards. See F.G. Turner, U.S. Army Corps of Eng’rs:
Mobile Division, Report on Withdrawal of Domestic Water
Supply from Buford Reservoir (1955) (stating that the Corps
advised Gwinnett County that it did not have the authority at
that time—i.e., before the 1958 WSA—to grant a request for
direct withdrawals for water supply and recommending that
Congress provide the Corps with the additional authority
necessary to grant this request). Finally, because it is unclear
at this point precisely how much of the Atlanta area’s water
supply the Corps will determine on remand it can provide
pursuant to its clear RHA authority to increase releases for
downstream water supply, because the 1956 Act clearly gives
the Corps authority for a specific amount of direct withdrawals
for Gwinnett County, and because the WSA clearly provides the
Corps authority for direct withdrawals from the Lake (as long
as the cumulative exercise of such Corps authority pursuant
solely to the WSA does not constitute a “major operational
change” or “seriously affect the purposes for which the project
was authorized”), it is not clear that the issue of RHA authority
for direct withdrawals is a live issue in this case. For all of the
foregoing reasons, we express no opinion on whether the RHA
could be construed to provide authorization for the Corps to
satisfy the authorized water supply purpose, not only by
increasing releases for downstream withdrawal but also by
direct withdrawals from the reservoir.
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supply needs as a mere incident to, or byproduct of,
power generation. The Corps’ latest figure, developed
in 1986, in this regard has been 327 mgd; however,
at oral argument the Corps asserted that the calcula-
tion was not definitive and deserved more study.
Also, it is apparent that the Corps has not arrived at
a definitive, final determination of whether, and to
what extent, storage reallocation would be necessary
for RHA-authorized releases from the dam primarily
for water supply purposes (and how to factor in the
fact that these releases will still generate some
power, though not of peak value). It is also unclear
whether the Corps has arrived at a final determina-
tion of the appropriate measure for determining
under the RHA what the impact of increased water
supply use on power is, or the appropriate measure
for determining under the WSA what constitutes a
“major operational change.”36 Finally, the Corps has
not yet articulated a policy on whether to account for
return flows, and if so, how to differentiate between
flows returned directly to the lake and flows re-
turned downstream from the dam. These are some of
the questions that the Corps should answer on
remand, although we make no attempt to be exhaus-
tive in that regard.

As part of the final, definitive statement of the
Corps’ water supply analysis, if the agency ultimate-
ly concludes that it does not have the authority to
grant the Georgia request, it nevertheless should

36 In this regard, for example, the Corps should consider
whether, and to what extent, considerations such as the
following are relevant: percentage reallocation of conservation
and/or other storage, measurements of decreases in systemwide
power, and compensation to power customers. See also supra,
note 31.
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indicate the scope of the authority it thinks it does
have, under the RHA, the WSA, and the 1956 Act.
This way, the parties will have some further instruc-
tion, based on sophisticated analysis, of what the
Corps believes to be the limitations on its power.

Part VI. Collateral Estoppel Effects on Remand
Instructions

To assist the Corps in making these determinations
on remand, we address here whether certain state-
ments from this Court’s decision in Alabama or the
D.C. Circuit’s decision in Geren carry the force of
collateral estoppel. Specifically, we discuss whether
either of the two claims found to have preclusive
force by the district court in the instant case is
binding on the Corps and whether any of Alabama
and Florida’s additional collateral estoppel argu-
ments have merit. At the outset, we note that collat-
eral estoppel applies only if (1) the issue at stake is
identical to the one involved in the prior proceeding;
(2) the issue was actually litigated in the prior pro-
ceeding; (3) the determination of the issue was
critical and necessary to the earlier judgment; and
(4) the party against whom collateral estoppel is
asserted had a full and fair opportunity to litigate
the issue in the prior proceeding. Christo v. Padgett,
223 F.3d 1324, 1339 (11th Cir. 2000).

The district court found collateral estoppel, preclu-
sive effect in the D.C. Circuit’s conclusion that the
WSA applied to interim reallocations of storage. Tri–
State, 639 F.Supp.2d at 1343. We take no issue with
this application of collateral estoppel. On remand,
the Corps will determine the extent of its authority
to supply the current water supply needs of the
Atlanta area, combining its authority under the 1956
Act, the RHA, and the WSA. The Corps’ authority
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under the WSA (as well as the statutory limits
thereto) are applicable to the Corps’ determination of
its authority to supply current water supply needs,
whether by force of collateral estoppel or clear statu-
tory meaning or both.

The district court also found preclusive effect in the
D.C. Circuit’s holding that the reallocation of 22% of
Lake Lanier’s conservation storage is a major opera-
tional change on its face. Id. Several aspects of this
holding merit discussion. First, and foremost, the
Geren court considered only the Corps’ authority
under the WSA, not its authority under the RHA.37

Accordingly, a different issue is presented here. At
the very least, this difference means that any water
the Corps finds it is authorized to supply pursuant to
the RHA is separate from the water it is authorized
to supply pursuant to the WSA, and that this RHA-
authorized water supply would not count against the
Geren court’s 22% limit.38

It is also possible that our reading of the authority
provided by the RHA fundamentally changes the
WSA analysis, given that the RHA congressionally
authorizes the Corps to increase water supply in its

37 The settling parties—the Corps, SeFPC, and the Georgia
Parties—did not make an issue of the Corps’ authority under
the RHA because they were not in full agreement on whether
water supply was an authorized purpose of the Buford Project.
As settling parties defending a settlement, they had no incen-
tive to assert issues about which they disagreed.

38 Of course, the authority granted under the 1956 Act for
Gwinnett County also would not count against the Geren court’s
22% limit. Likewise, the parties and the courts have consistent-
ly assumed, and so do we, that the 10 mgd in compensatory
withdrawals by Buford and Gainesville do not affect the
amount of water that the Corps is authorized to supply under
the various statutory grants.
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balancing of hydropower and water supply needs,
meaning that such reallocations to water supply
arguably do not actually constitute a “change” of
operations at all, and that the issue is therefore
entirely different than the one presented to the
Geren court. In other words, it is possible that the
22% holding has no preclusive force at all. However,
because it is not clear that the Geren court’s 22%
limit will be reached in this case,39 we expressly
decline to address the collateral estoppel effect of the
Geren court’s 22% limit.40

39 There are two reasons the 22% limit may not be reached.
First, the Corps has yet to determine the extent of its authority
to allocate water to water supply under the RHA. The 22% limit
would not be reached unless the water allocated under the WSA
represented at least a 22% reallocation above whatever alloca-
tion is authorized under the RHA. Second, as discussed in the
two paragraphs immediately following this paragraph, percent
reallocation of conservation storage may not be the correct or
sole measure of operational change.

40 We do, however, expressly address the collateral estoppel
effect of Geren’s alternative holding—that even a 9% increase
in storage for water supply is a major operational change. The
district court did not find preclusive effect to this holding.
Alabama and Florida do not argue in their briefs that this
holding is entitled to collateral estoppel, and Alabama and
Florida expressly abandoned any such claim at oral argument.
Nonetheless, we consider this issue in order to provide com-
plete remand instructions to the Corps. Because the issue arose
in Geren for the first time at oral argument, the Corps and the
Georgia Parties had no opportunity to brief the issue. This
alternative, and secondary, holding therefore wholly fails the
“actually litigated” requirement for collateral estoppel. See Chi.
Truck Drivers, Helpers & Warehouse Union (Independent)
Pension Fund v. Century Motor Freight, Inc., 125 F.3d 526, 530
(7th Cir. 1997) (expressing doubt that the issue of a regula-
tion’s validity was actually litigated when it emerged only at
the reply brief stage and received little discussion in the
opinion, notwithstanding the fact that the party against whom
collateral estoppel was asserted had raised the application of
the regulation in its earlier response to summary judgment).
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Second, it is clear that the question of whether
percent reallocation of storage is the correct or sole
measure of operational change was not actually
litigated. Examination of the parties’ briefs in Geren
makes clear that the parties assumed, but did not
put at issue, the question of whether percent reallo-
cation of storage is the correct or sole measure of
operational change. Similarly, because the parties
merely assumed that percent reallocation was the
appropriate measure, the Geren court made the same
assumption in its opinion, without any discussion of
the issue. When an issue is merely assumed, it does
not meet the actual litigation requirement for collat-
eral estoppel. See Fields v. Apfel, 234 F.3d 379, 383
(8th Cir. 2000) (finding no issue preclusion with
respect to whether a particular method for calculat-
ing disability benefits applied, because its applicabil-
ity had merely been assumed by the court and both
parties in a prior case and not placed at issue). The
fact that the Geren court ruled “without thoroughly
examining” the issue further undermines the preclu-
sive effect of the ruling. A.J. Taft Coal Co. v. Con-
nors, 829 F.2d 1577, 1581 (11th Cir. 1987) (declining
to apply collateral estoppel where the issue was not
fully litigated, which resulted in the prior court
tendering a conclusion “without thoroughly examin-
ing” the issue). Moreover, in this case, the district
court did not hold that percent reallocation of storage
is, as a matter of collateral estoppel, the correct or
sole measure, and Appellees do not argue on appeal
that we are bound by collateral estoppel to hold that
percent reallocation of storage is the only appropri-
ate measure of operational change. We conclude, for
the foregoing reasons, that collateral estoppel does
not bar the Corps from determining the appropriate
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measure of operational change on the basis of its own
expertise. The Corps is free to consider on remand
whether other measures, such as impact on hydro-
power,41 should be considered instead of or in addi-

41 It may be that the percent impact on hydropower is signifi-
cantly less than the percent of storage reallocated to water
supply under a given allocation scheme. For example, the
Corps’ brief at 99–100 explained that the “de facto” realloca-
tions of storage to account for current uses causes a sys-
temwide reduction of hydropower of only 1%.

Another aspect of the evaluation of detriment to hydropower
is whether compensation to power users can be considered to
mitigate any detriment. Although the Geren court rejected the
idea that compensation to hydropower users might be relevant
under the WSA, see Geren, 514 F.3d at 1324, Alabama and
Florida do not argue that this rejection gives rise to collateral
estoppel. We consider the issue nonetheless in order to provide
complete remand instructions to the Corps. For the following
reasons, we conclude that collateral estoppel does not preclude
the Corps from considering compensation to power users as a
mitigating factor in its analysis of detriment to hydropower, if
the Corps finds it appropriate to consider compensation for this
purpose based on the exercise of its expertise. The concept of
compensating power customers presents a different issue than
the one considered in Geren because the D.C. Circuit failed to
recognize the Corps’ authority under the RHA. As we hold
today, the RHA authorizes the Corps to increase water supply
at the expense of hydropower, and it contemplates that, in
balancing the water supply and hydropower interests, the
Corps should consider the magnitude of the detriment to
hydropower. Because the Geren court failed to recognize this
authority, it treated the proposed change in storage, and flow
through, as a major operational change without considering the
magnitude of the effect on hydropower and without considering
whether financial compensation is relevant to that inquiry.
Accordingly, the Geren court did not face the same issue with
respect to the effect of compensation on the Corps’ authority as
this Court. Because the issue is different, collateral estoppel
does not apply. See Christo, 223 F.3d at 1339. The Corps on
remand may therefore make a fresh determination regarding
whether financial compensation to power customers is material
for the purpose of evaluating the magnitude of the detriment to
hydropower.
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tion to percent reallocation of storage.

Third, examination of the briefs in Geren also
shows that the parties merely assumed that conser-
vation storage was the appropriate frame of refer-
ence against which percent reallocation should be
calculated, and the court likewise made this assump-
tion. Accordingly, the actual litigation requirement is
not met and the Corps is free to consider on remand
whether some other portion of the dam’s capacity
should also be considered. For instance, it may be
that the flood control storage, which sometimes
contains excess water that could be released to
satisfy water supply needs, should be factored into
the calculation.

Alabama and Florida advance two collateral estop-
pel arguments in addition to those already covered
above. First, they argue that the Geren court decided
that, for purposes of the WSA analysis, the baseline
for storage against which major operational change
should be measured is zero. They further argue that
the decision has the effect of collateral estoppel. We
disagree. As noted above, the Geren court expressly
made no decision with respect to the Corps’ authority
to allocate storage to water supply under the RHA.42

It addressed the issue of the appropriate baseline for
the WSA analysis only in the context of rejecting the
settling parties’ argument that the interim realloca-
tion level prior to the settlement was the correct

42 Accordingly, Alabama and Florida are plainly wrong to the
extent they argue that this aspect of Geren establishes collat-
eral estoppel for purposes of finding that the RHA authorizes no
storage for water supply. Likewise, Alabama and Florida are
wrong to the extent that they argue that Geren establishes
estoppel for the proposition that grants of authority under the
RHA and WSA are not supplemental. Geren made no such
holdings.
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baseline. A wholly different issue is presented in this
appeal, in which we are required to assess the Corps’
authority under the RHA to reallocate storage or
otherwise provide water supply, and to factor this
authority into the WSA analysis. Thus, the Geren
court’s decision with respect to the baseline for
storage reallocation has no collateral estoppel effect
in this case.

Second, Appellees argue that this Court’s earlier
statement in Alabama, that water supply is not an
authorized purpose of the Buford Project, is preclu-
sive. As noted earlier in this opinion, this statement
does not give rise to collateral estoppel because it
was not actually litigated and it was mere dicta and
therefore was not critical or necessary to the judg-
ment. See supra, note 21. In conclusion, the Corps is
not bound by collateral estoppel in making the
aforementioned determinations and should make its
decisions on remand on the basis of its own reasoned
analysis.

Part VII. One-Year Time Limitation on Remand.

This controversy has lasted a very long time. Since
1990, litigation related to this controversy has taken
place in the Northern District of Alabama, the Dis-
trict Court for the District of Columbia, the Northern
District of Georgia, the Northern District of Florida,
the Middle District of Florida, the District of Colum-
bia Circuit, and now five times in the Eleventh
Circuit, and various attempts at compromise have
been initiated and abandoned. Progress towards a
determination of the Buford Dam’s future operations
is of the utmost importance to the millions of power
customers and water users that are affected by the
operations of the project. The stakes are extremely
high, and all parties are entitled to a prompt resolu-
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tion. Accordingly, the process for arriving at a con-
clusion of the bounds of the Corps’ authority should
be as swift as possible without sacrificing thorough-
ness and thoughtfulness. Given the importance of
this case, the length of time it has been bouncing
around the federal courts, and the amount of re-
sources the parties and the courts have already
expended, we believe that one year is sufficient for
the Corps to complete its analysis of its water supply
authority and release its conclusions. This panel will
retain limited jurisdiction to monitor compliance
with this time frame. At the end of this one-year
period, we expect the Corps to have arrived at a well-
reasoned, definitive, and final judgment as to its
authority under the RHA and the WSA.

Conclusion

The Corps’ did not consummate its decision-making
process in the Alabama, Apalachicola, and SeFPC
cases. Therefore, the district court lacked jurisdiction
to hear these claims. The Corps’ denial of Georgia’s
2000 water supply request did constitute final agen-
cy action, and the district court’s conclusion that it
had jurisdiction to hear the Georgia case was proper.
However, the court erred in its analysis of the Corps’
rejection of the request. The decisions of the District
Court and the Corps were based on a clear error of
law—the determination that water supply was not
an authorized purpose of the RHA. Furthermore, the
Corps failed to reach a final, determinative position
about its water supply authority before rejecting the
state’s request. Consequently, we reverse the district
court’s order granting the Corps summary judgment,
and conclude that the Corps’ decision was arbitrary
and capricious or not otherwise in accordance with
the law. All four cases are remanded to the district
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court with instructions to remand to the Corps for
reconsideration. This panel will retain limited juris-
diction to monitor the one-year time limit.

Accordingly, the judgment of the district court is
reversed, its findings of fact and conclusions of law in
all four cases are vacated, and these cases are re-
manded to the district court with instructions to
remand to the Corps for further proceedings not
inconsistent with this opinion.

REVERSED, VACATED, AND REMANDED;
LIMITED JURISDICTION RETAINED.
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APPENDIX B

United States District Court,
Middle District of Florida

In re TRI-STATE WATER RIGHTS LITIGATION.

No 3:07-md-01 (PAM/JRK) | July 17, 2009

MEMORANDUM AND ORDER

PAUL A. MAGNUSON, District Judge.

In the Rivers and Harbors Acts of 1945 and 1946
(“1945 RHA” and “1946 RHA”), Pub.L. No. 79-14, 59
Stat. 10, 10-11 (1945 RHA); Pub.L. No. 79-595, 60
Stat. 634, 640 (1946 RHA), Congress authorized the
United States Army Corps of Engineers (the “Corps”)
to begin construction of a dam and reservoir on the
Chattahoochee River north of Atlanta, Georgia.
Construction on the project finished in approximate-
ly 1960. The dam was christened the Buford Dam;
the reservoir was named Lake Sidney Lanier.

At issue in this Multi-District Litigation (“MDL”) is
the Corps’s operation of Buford Dam and Lake
Lanier. The parties to the various member cases are
the states of Alabama, Florida, and Georgia; the
Southeastern Federal Power Customers (“SeFPC”);
the cities of Apalachicola, Florida, and Atlanta,
Columbus, and Gainesville, Georgia; the Georgia
counties of Gwinnett, DeKalb, and Fulton; the Atlan-
ta Regional Commission (“ARC”); the Cobb County-
Marietta Water Authority; the Lake Lanier Associa-
tion;1 the Alabama Power Company (“APC”); the

1 The Court will refer to Atlanta, Columbus, Gainesville,
Gwinnett County, DeKalb County, Fulton County, the ARC, the
Cobb County-Marietta Water Authority, and the Lake Lanier
Association collectively as “the Georgia parties.”
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Columbus Water Works (“CWW”); the Middle Chat-
tahoochee River Users; and the Corps and several
Corps officers.2

After the cases were consolidated by the Judicial
Panel on Multidistrict Litigation, the parties agreed
that the Court should consider the claims in two
phases. Because some of the claims were similar or
identical to claims pending before the United States
Court of Appeals for the District of Columbia Circuit,
the Court scheduled the proceedings on those claims
second, awaiting that court’s resolution of the claims.
Thus, the first scheduling orders in the MDL case
contemplated that the Court would first entertain
environmental claims, such as claims that the
Corps’s operations in the Apalachicola-
Chattahoochee-Flint (“ACF”) river basin violate the
Endangered Species Act (“ESA”), 16 U.S.C. § 1531 et
seq., and other environmental laws and regulations.
Left for phase two were the overarching claims of the
Corps’s authority (or lack thereof) for its operations
in the basin in general, such as claims that the Corps
is violating the Water Supply Act and the Flood
Control Act.

The D.C. Circuit ruled on claims similar to the so-
called “overarching” claims in 2008. Thereafter, the
“overarching” claims became ripe for this Court’s
resolution, and the Court therefore ordered that the
phases be “flipped” so that the parties would present
the statutory authorization and related issues first.

2 The Court will refer to the Corps and the Corps’s officers
collectively as the “Federal Defendants.” The United States
Fish and Wildlife Service (“USFWS”) and a USFWS official also
are defendants in one of the member cases (3:07-250), but the
claims against USFWS are not at issue in this phase of the
litigation.
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(Aug. 11, 2008, Order.) The issues for resolution in
the new Phase One include: (1) whether the Corps’s
operations in the ACF basin, including the execution
of water-supply contracts and installation of water
intake structures in Lake Lanier, the alleged prefer-
ence of water supply over other purposes, and the
denial of Georgia’s water-supply request violate the
Administrative Procedures Act (“APA”), 5 U.S.C. §
701 et seq., the National Environmental Policy Act
(“NEPA”), 42 U.S.C. § 4321 et seq.; the Flood Control
Act (“FCA”), 33 U.S.C. § 708 et seq.; the Water Sup-
ply Act (“WSA”), 43 U.S.C. § 390 et seq.; the Coastal
Zone Management Act (“CZMA”), 16 U.S.C. § 1451 et
seq.; and other congressional enactments; and (2)
whether the water control plans and manuals, reser-
voir regulation manuals, action zones, recreation
impact levels, and the Upper Chattahoochee Man-
agement Plan/River Management System violate
federal law.

The fundamental question in the case is whether,
by taking or failing to take the actions complained of
in the various lawsuits, the Corps violated § 301 of
the WSA, which provides:

Modifications of a reservoir project heretofore au-
thorized, surveyed, planned, or constructed to in-
clude storage [for water supply] which would seri-
ously affect the purposes for which the project was
authorized, surveyed, planned, or constructed, or
which would involve major structural or operation-
al changes shall be made only upon the approval of
Congress* * *.

43 U.S.C. § 390b(d). In general, Florida, Alabama,
APC, and the SeFPC contend that the Corps was
obligated to seek Congressional approval for actions
the Corps has taken with respect to water supply in
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Lake Lanier, because those actions allegedly affect
the purposes for which the Buford Dam project was
authorized or constitute major structural or opera-
tional changes. The Georgia parties and the Corps
argue that Congressional approval is not required
because the project’s purposes include water supply
and because, in any event, the Corps’s operations
have not amounted to a major structural or opera-
tional change in the project. To resolve these differ-
ences, the Court must examine the history of the
Buford Dam and Lake Lanier.

BACKGROUND

A. Legislative History

1. Authorization

Although the 1945 and 1946 RHAs officially au-
thorized the construction of Buford Dam, the Corps
had been examining the feasibility of such a project
for many years prior to 1945. Indeed, as early as
1925,3 Congress asked the Corps to work with the
Federal Power Commission (the predecessor to the
Federal Energy Regulatory Commission) to examine
the development of hydroelectric facilities on water-
ways nationwide, including in the ACF basin. River
& Harbor Act of 1925, Pub.L. No. 68-585, ch. 467, 43
Stat. 1186, 1186, 1194 (March 3, 1925). In 1938, in
response to a House resolution regarding the ACF
basin, a Corps district engineer, Colonel R. Park,
prepared a report to Congress outlining in great
detail the geography and history of the basin and

3 Congressional inquiries into the uses for the Apalachicola and
Chattahoochee Rivers began even earlier than 1925, but most
of these inquiries sought only to examine the rivers’ usefulness
for navigation. See George W. Sherk, Buford Dam and Lake
Lanier: Statutory Perspectives and Limitations 11-34 (2000)
[hereinafter “Sherk, Buford Dam ”].
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making recommendations for potential improve-
ments in the basin. See H.R. Doc. No. 76-342, at 9-87
(1939) [hereinafter “Park Report”] (ACF000126-65).4

It was in the Park Report that the project as eventu-
ally completed began to take shape.

The Park Report discussed a multitude of options
for the development of rivers in the ACF basin and
detailed eleven sites that could support a dam project
to benefit hydroelectric power plants and navigation
on the rivers. One of the eleven sites was the “Ro-
swell” site “located on the Chattahoochee River 16
miles north of Atlanta, Ga., and about 2.5 miles
upstream from the highway bridge at Roswell.” Park
Report ¶ 196, at 66 (ACF000155). The Roswell site is
approximately where Buford Dam was eventually
located.

The Park Report detailed both the costs and bene-
fits of each of the eleven sites. Colonel Park consid-
ered the following “direct benefits” for all of the
proposed sites:

(a) Savings to the public in transportation charges.

(b) Value of hydroelectric power developed.

(c) Value as a facility for national defense.

(d) Increased commercial value of riparian lands.

(e) Recreational value.

(d) Value as a source of industrial and municipal
water supply.

4 The voluminous administrative record in this matter is
divided into the original record and the supplemental record.
The Corps has consecutively stamped each portion of the
record, with the original record bearing the prefix “ACF” and
the supplemental record having the prefix “SUPPAR.” When
possible, the Court will endeavor to cite not only to the docu-
ment itself, but to its place in the administrative record.
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Id. ¶ 243, at 77 (ACF000160). The Park Report
assigned an approximate dollar value to each “direct
benefit.” For example, in Colonel Park’s estimation,
the value of hydroelectric power if all eleven projects
had been built would have been worth $6.5 million
annually. Id. ¶ 247, at 78 (ACF000161). Similarly,
Colonel Park assigned a value of $25,000 to national
defense, and $50,000 as a two-reservoir system’s
recreational value. Id. ¶¶ 250-51, 259, at 79, 80
(ACF000161-62). For the proposed projects’ value as
a water-supply source, however, Colonel Park as-
signed no monetary value, noting that “[t]here is
apparently no immediate necessity for increased
water supply in this area though the prospect of a
future demand is not improbable.” Id. ¶ 260, at 80
(ACF000162). Water supply was the only potential
benefit assigned no monetary value in the Park
Report. Id. ¶ 261, at 81 (ACF000162).

After the Park Report was submitted to Congress,
the Corps continued to evaluate the ACF basin for
potential improvements. A so-called “interim” plan
was submitted to the Chief of Engineers in December
1942, but was never submitted to Congress. See
Sherk, Buford Dam, at 45 & n. 190 (noting that the
interim report itself is not available, likely because it
was withdrawn before being submitted to Congress).
The interim report recommended two potential dam
sites, including the Lanier site, “ ‘principally in the
interest of hydropower.’ ” Id. at 45 (quoting Memo-
randum from P.A. Feringa, Colonel, Corps of Eng’rs,
to Chief of Eng’rs (Oct. 28, 1943)). The Chief of
Engineers sent the report back to the district engi-
neer, asking him to revise the report to include an
analysis of the benefits to navigation and flood
control. Id.
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The 1945 RHA stated specifically that the ACF
project was authorized “in accordance with the
plans” in the Park Report. 1945 RHA, ch. 19, 59 Stat.
at 12, 17. Because the Park Report had not estab-
lished where in the ACF basin the dam or dams
would be built, the Corps continued to study the
matter. The first result of this study was the report
of Brigadier General James B. Newman, Jr., submit-
ted to Congress in 1947. H.R. Doc. No. 80-300, at 10-
40 (1947) [hereinafter “Newman Report”]
(ACF000644-74).

General Newman noted that “[t]he principal value
of the Chattahoochee River is as a source of power.”
Id. ¶ 7, at 13 (ACF000647). He described the Park
Report as evaluating the rivers in the ACF basin “in
the combined interest of navigation and power.” Id. ¶
47, at 22 (ACF000656). The majority of the Newman
Report consists of detailed evaluations of the hydro-
power and navigation benefits of the alternatives
discussed in the Park Report. General Newman
concluded that the locks and dams proposed by the
Park Report for the southern portion of the Chatta-
hoochee, below Columbus, Georgia, would not be
economically efficient unless a “considerable flow
regulation were provided by a large storage-power
reservoir upstream.” Id. ¶ 67, at 27 (ACF000661).
That reservoir would become Lake Lanier.

General Newman also noted other “incidental”
benefits of a reservoir at the Lanier site.5 He dis-
cussed Atlanta’s urging that a reservoir north of
Atlanta be constructed before other elements of the
ACF basin project, “in order to meet a threatened

5 The Newman Report also refers to the Lanier site as the
Buford site. See, e.g., Newman Report ¶ 69, at 27 (ACF000661).
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shortage of water, during low-flow periods, for mu-
nicipal and industrial purposes.” Id. ¶ 68, at 27
(ACF000661). Specifically, “[i]f the regulating stor-
age reservoir * * * could be located above Atlanta, it
would greatly increase the minimum flow in the
river at Atlanta, thereby producing considerable
incidental benefits by reinforcing and safeguarding
the water supply of the metropolitan area.” Id.
General Newman therefore concluded that the
Lanier site should be developed as outlined in the
Park Report and in his own report. He determined
that the construction of a dam at the Lanier site,
along with the proposed developments at Junction
and Upper Columbia, would “create an effective and
economical system for the production of power, in
addition to providing * * * for navigation* * *. The
system would also contribute to the reduction of
floods and flood damages in the Chattahoochee River
valley, and would ensure an adequate water supply
for the rapidly growing Atlanta metropolitan area.”
Id. ¶ 73, at 28-29 (ACF000662-63). The Newman
Report recognized that releases from the proposed
dam for downstream water supply might have to be
increased as the Atlanta area developed, although
the Newman Report emphasized that such an in-
crease “would not materially reduce the power re-
turns from the plant.” Id. ¶ 80, at 34 (ACF000688).

As with the Park Report, the Newman Report es-
timated the dollar value of the various annual bene-
fits from the construction of a dam and reservoir at
the Lanier site. The Newman Report, however, listed
only three valuable benefits: power, navigation, and
flood control. Id. ¶ 98, at 38 (ACF000672). The
Newman Report also allocated the estimated costs of
building the Buford project, a total of more than $17
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million. Of this, $16 million was allocated to power,
none to navigation, and the remainder to flood
control. Id. ¶ 97, at 38 tbl. 9 (ACF000672). The
Southeastern Power Administration (“SEPA”), from
which the SeFPC purchases the power generated by
the Buford Dam, ultimately paid approximately $30
million toward the total construction cost of $47
million for the dam. SeFPC Am. Compl. ¶ 32; see also
U.S. Army Corps of Eng’rs, Survey Report on Apala-
chicola, Chattahoochee and Flint Rivers, Alabama,
Florida and Georgia ¶ 49, at 15 (1973) (total cost of
Buford Dam was $47,059,711) (ACF003968). The
1946 RHA adopted the Newman Report’s recommen-
dation that the project be limited to three dams,
including the Buford dam. U.S. Army Corps of
Eng’rs, Definite Project Report on Buford Dam:
Chattahoochee River, Georgia ¶ 7, at 4 (1949) [here-
inafter “Definite Project Report ”] (ACF001449).

2. Planning

The initial authorization in the 1945 and 1946
RHAs did not end Congress’s involvement in the
Buford Dam project. The project required money, and
that money had to be appropriated by Congress each
year. Thus, once the project entered initial planning
stages and during the construction of the project,
Congress held yearly hearings on the progress of the
project and on the Corps’s use of funds. For fiscal
year 1948, Congress considered the Corps’s request
for funding for the planning of the project. Georgia
Representative James C. Davis asked the Appropria-
tions Committee to recognize the “critical necessity”
of the project, which he described as a “multi-purpose
dam * * * for the purpose of generating power, flood
control, and water supply for the city of Atlanta, as
well as a regulated flow of water of the Chattahoo-
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chee River* * *.” War Dep’t Civil Functions Appro-
priation Bill 1948: Hearing on H.R. 4002 Before the
Subcomm. of the S. Comm. on Appropriations, 80th
Cong. 697 (1947) (statement of Rep. James C. Davis,
Georgia). In addition, Atlanta’s Mayor William B.
Hartsfield testified that the undependable nature of
the flow in the Chattahoochee had likely already
caused severe economic losses in the Atlanta area.
Id. at 700 (statement of William B. Hartsfield,
Mayor, Atlanta, Georgia). He asked that the Buford
project be given priority over other dams proposed
for the Chattahoochee. Id.

The following year, the House Subcommittee on
Appropriations submitted a report about the funding
the Corps had requested for that fiscal year, includ-
ing funding for the Buford Dam project. See H.R.Rep.
No. 80-1420, at 5-8 (1948). The report recommended
reducing the Corps’s request for plans for the Buford
project by $67,000. According to the report:

While the Buford Dam may be an important part of
the comprehensive river system plan for the Apala-
chicola, Chattahoochee, and Flint Rivers its con-
struction will provide a source of water for the city
of Atlanta that witnesses from that part of the
country indicate is greatly needed. The city of At-
lanta is not, however, providing any contribution
toward the construction of this dam and inasmuch
as it stands to benefit to a great extent it appears
that some substantial contribution should be made
toward the ultimate cost of the dam, and in future
planning it is suggested that this feature be given
careful consideration and an opportunity be afford-
ed the city of Atlanta to make a contribution com-
parable to the benefits to be received.

Id. at 8.
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In January 1948, the House Subcommittee on Ap-
propriations heard testimony from several members
of Georgia’s Congressional delegation about the
various projects in the ACF basin. Representative
Stephen Pace led the delegation and described the
ACF projects as having three purposes: navigation,
power, and flood control. Civil Functions, Dep’t of the
Army Appropriation Bill for 1949: Hearing on H.R.
5524 Before the Subcomm. of the H. Comm. on Ap-
propriations, 80th Cong. 723 (1948) (statement of
Rep. Stephen Pace, Georgia). Representative Pace
also testified that the project had “two additional
purposes”: to “serve as a reservoir for the entire
system in the event of dry spells and floods,” which
would “assure[ ] the navigability of the entire pro-
ject”; and “to meet the very critical shortage of water
in the city of Atlanta.” Id. He also emphasized the
area’s “crying need for an abundance of hydroelectric
power.” Id. at 724.

Many of the witnesses testified about the naviga-
tion and transportation benefits of the projects
proposed for the ACF basin. Among them was J.W.
Woodruff, for whom the ACF’s southernmost dam,
the Jim Woodruff Dam, is named. He envisioned the
navigation made possible by the projects in the ACF
basin as an economic engine that would drive indus-
trial and commercial development in the region,
allowing goods to be shipped from the area around
the world. Id. at 750-51 (statement of J.W. Woodruff,
Atlanta, Georgia).

Other participants addressed their testimony spe-
cifically to the proposed Buford project. Representa-
tive John S. Wood of Georgia spoke about the need
for flood control in an area that could receive more
than eight inches of rain in a 24-hour period. Id. at
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777 (statement of Rep. John S. Wood, Georgia). Both
Mayor Hartsfield and Representative Davis again
testified about the multi-purpose nature of the
project, pointing out its benefits for power, naviga-
tion, flow regulation, and pollution control, and as a
source of water supply for Atlanta. Id. at 778 (state-
ment of Rep. James C. Davis, Georgia), 782 (state-
ment of William B. Hartsfield, Mayor, Atlanta,
Georgia). In his statement to the Senate Subcommit-
tee on Appropriations, however, Mayor Hartsfield de-
emphasized Atlanta’s need for water supply from the
Chattahoochee. He characterized Atlanta’s need for
the water as “necessary” but stressed that Atlanta
should not “be put in the category with such cities as
are in arid places in the West or flat plain cities
where there is one sole source of water * * *.“ Civil
Functions, Dep’t of the Army Appropriation Bill 1949:
Hearing Before the Subcomm. of the S. Comm. on
Appropriations, 80th Cong. 644 (statement of Wil-
liam B. Hartsfield, Mayor, Atlanta, Georgia). Mayor
Hartsfield stated:

We need flood control; we need the increased pow-
er; we need badly some sort of water recreation in
that section. We need, of course, the promotion of
navigation* * *.

We need the promotion of regular flow not only for
Atlanta’s water supply, but to enable others, as I
said, to use the river, industries to use it, which
they are not now able to do.

Id. at 646.

As part of the record at the hearing, the Corps filed
a report describing the Buford project:

The Buford Reservoir will provide flood protection
to the valley below it; provide a large block of pow-
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er to an area where there is a power shortage; pro-
vide an increased flow which is essential to provi-
sion of a 9-foot depth for navigation in the Apala-
chicola River; assure an adequate water supply for
municipal and industrial purposes in the Atlanta
metropolitan area; and provide recreational facili-
ties for the area surrounding the reservoir.

Id. at 648 (report of P.A. Feringa, Colonel, Corps of
Eng’rs).

At the end of February 1948, apparently in re-
sponse to the questions raised about Atlanta’s will-
ingness to pay for part of the Buford project, Repre-
sentative Davis wrote to Mayor Hartsfield. In this
letter, Representative Davis stated that the Sub-
committee’s desire to have Atlanta fund some of the
construction cost of the dam was not unprecedented,
noting that the city of Dallas had recently contribut-
ed more than $2 million to a reservoir project in
Texas. Letter from Rep. James C. Davis, Ga., to
William B. Hartsfield, Mayor, Atlanta, Ga. (Feb. 27,
1948) (SUPPAR000420). Mayor Hartsfield responded
negatively to the suggestion that Atlanta should bear
some of the costs of the Buford Dam:

Frankly, in our zeal I think we have just laid too
much emphasis on the Chattahoochee as a water
supply* * *.

* * *.

In our case the benefit so far as water supply is
only incidental and in case of a prolonged drought.
The City of Atlanta has many sources of potential
water supply in north Georgia. Certainly a city
which is only one hundred miles below one of the
greatest rainfall areas in the nation will never find
itself in the position of a city like Los Angeles* * *.
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* * *.

[I]n view of other possible sources of Atlanta’s fu-
ture water we should not be asked to contribute to
a dam which the Army Engineers have said is vi-
tally necessary for navigation and flood control on
the balance of the river.

Letter from William B. Hartsfield, Mayor, Atlanta,
Ga., to Rep. James C. Davis, Ga. (Mar. 1, 1948)
(SUPPAR001063). Atlanta did not contribute to the
construction costs of the Buford Dam.

In preparation for the start of construction, the
Corps prepared the Definite Project Report.
(ACF001436). This report described the project’s
“principle purposes” as: “to provide flood control; to
generate hydroelectric power; to increase the flow for
open-river navigation in the Apalachicola River
below Jim Woodruff dam; and to assure a sufficient
and increased water supply for Atlanta.” Id. ¶ 115, at
41 (ACF001486). The Definite Project Report ad-
dressed only one specific water-supply issue: the city
of Gainesville’s water-pumping station, located on
the Chattahoochee. Id. ¶ 95, at 29 (ACF001474). The
report noted that the entire station would require
relocation, as it would be inundated on completion of
the dam. Id. ¶ 96, at 29 (ACF001474). On June 22,
1953, the Corps and Gainesville executed a contract
whereby the Corps paid Gainesville $300,000 for the
land to be taken by the reservoir and Gainesville was
given the right to withdraw eight million gallons per
day from the reservoir. Contract between U.S. Army
Corps of Eng’rs & City of Gainesville, Ga. (June 22,
1953) (ACF014457-63).6

6 The City of Buford executed a similar contract because its
waterworks facilities were also inundated by the waters of Lake
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In its discussion of reservoir regulation, the Defi-
nite Project Report noted that the power plant would
operate as a “peaking plant to provide maximum
possible power during the hours of greatest demand.”
Definite Project Report ¶ 120, at 42 (ACF001487). At
off-peak times the plant would operate only a smaller
generator, “to provide flow to meet municipal and
industrial requirements at Atlanta.” Id. When water
levels in the reservoir fell below a certain level,
however, “only prime power [would] be generated.”
Id.

The Definite Project Report estimated the total cost
of the Buford project at $35.6 million. See id. ¶ 104,
at 32-37 tbl. 1 (ACF001477-82). The “primary bene-
fits” of the project were “flood control and production
of hydroelectric power.” Id. ¶ 123, at 44
(ACF001489). The report calculated the flood-control
benefit as worth $163,000 annually. Id. Power bene-
fits were valued at $1.7 million on site, with the
potential for up to $3.2 million in power benefits if all
downstream plants were modified as proposed. Id. ¶
123, at 45 tbl. 3 (ACF001490). The report calculated
the potential annual benefit to transportation at
almost $1.4 million. Id. ¶ 124, at 45 (ACF001490).
The benefit to recreation was calculated at $196,000
annually. Id. ¶ 125, at 46 (ACF001491). The Definite
Project Report noted that a “real benefit will also
result from assurance of sufficient water for munici-
pal and industrial requirements at Atlanta” but it
did not make any estimate of the value of that bene-
fit. Id. ¶ 124, at 46 (ACF001490).

Lanier. See Contract between U.S. Army Corps of Eng’rs & City
of Buford, Ga. (Dec. 19, 1955) (ACF014450-56) (allowing Buford
to withdraw two million gallons per day from the reservoir).
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The question of Atlanta’s contribution to the costs
of the Buford project surfaced again in the hearings
on the 1952 Army Appropriation Bill, H.R. 4386.
Corps officer Colonel Potter testified that “[t]he
purpose of the project is flood control, water supply
for the city of Atlanta, which is growing by leaps and
bounds, and the production of power.” Civil Func-
tions, Dep’t of the Army Appropriations for 1952:
Hearings Before the Subcomm. of the H. Comm. on
Appropriations, 82d Cong. 118 (1951) (statement of
Col. Potter, Corps officer) (SUPPAR026654). A
member of the Subcommittee asked Colonel Potter if
Atlanta was “cooperating in this project in any way.”
Id. at 120 (question of Rep. Davis) (SUPPAR026656).
Colonel Potter responded:

No, sir; because this is not a problem of furnishing
water directly or furnishing storage for that pur-
pose; it is the regulation of the river that gives
[Atlanta] a constant supply over the up-and-down
supply now existing during the year* * *. With this
dam letting out a constant supply of water every
day their water-supply problem is reduced im-
mensely* * *.

Id. (statement of Col. Potter, Corps officer). Other
committee members questioned Colonel Potter
further on Atlanta’s need for, and contribution to, the
project:

Mr. Ford: Where you have a project such as this
particular project and water supply is part of the
justification for a community, does not the commu-
nity make any contribution to the project?

Col. Potter: Yes, sir, normally, but not in this case*
* *.

This dam furnishes Atlanta with water due to the
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fact that it regulates the discharge of floods. When
a flood comes, it comes down in a certain set peri-
od-say a week. We store that week’s terrific runoff
of water and then let it out gradually* * *. Hence
we discharge that flood, we will say, for 3 months.

Then, in the production of electricity, we can dis-
charge somewhere in the neighborhood of 4,000 to
5,000 second-feet constantly. That [water] will al-
ways be flowing by Atlanta; so that now they won’t
have the river partially dry or full of mud in the
summer, but they will have a more or less constant
flow of the river past their door and will always be
able to pull water out of it.

It did not cost the Federal Government 1 cent to
supply that service, because it was an adjunct to
the power supply and flood control. Had we put in
some storage purely for water supply, which they
would tell us to release at certain intervals, we
would then charge them for it, and they would
have to pay for the difference of that construction
cost.

Id. at 121-122 (exchange between Rep. Gerald Ford,
Michigan, and Col. Potter, Corps officer)
(SUPPAR026657-58).

In a prescient question, Representative Ford then
asked, “Is it not conceivable in the future, though,
when this particular project is completed, that the
city of Atlanta will make demands on the Corps
because of the needs of the community, when at the
same time it will be for the best interests of the over-
all picture * * * to retain water in the reservoir?” Id.
at 122 (SUPPAR026658). Colonel Potter’s response is
illuminating: “The first thing we do is to decide, after
a study, whether or not the water supply is more
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valuable to use for the production of electricity. If it
is, then we would have to come back, I believe, to
Congress to alter the authorization of that project,
were it a major diversion of the water.” Id. He noted
that the Corps “take[s] a very dim view of changing a
project to the subsequent needs without Congress
having a hand in it.” Id.

3. Construction

In 1952, at the beginning of construction of the
dam, Georgia’s Representative Davis and the Corps’s
General Chorpening appeared at a hearing of the
House Subcommittee on Appropriations to ask
Congress for $8.5 million for the Buford project.
Representative Davis described the project as provid-
ing flood control, power, and navigation benefits.
Civil Functions, Dep’t of the Army Appropriations for
1953: Hearings on H.R. 7268 Before the Subcomm. of
the H. Comm. on Appropriations, 82d Cong. 1196-97
(1952) (statement of Rep. Davis, Georgia)
(SUPPAR026679-80). Neither Representative Davis
nor General Chorpening mentioned any water-
supply benefits from the project.

The next year, two Corps officers testified before
the Senate Subcommittee on Appropriations in
support of the Corps’s request for another $8.5
million in funding for the Buford project. Colonel
Paules described the project as “a combination flood
control-power project which will assist navigation
downstream by the regulation of the river flows.”
Civil Functions, Dep’t of the Army Appropriations,
1954: Hearings on H.R. 5376 Before the Subcomm. of
the S. Comm. on Appropriations, 83d Cong. 480
(1953) (statement of Col. Paules, Corps officer)
(SUPPAR026685). Colonel Paules and General
Chorpening also testified before the House Subcom-
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mittee on Appropriations regarding the requested
funding for the Buford project. Colonel Paules dis-
cussed the anticipated completion dates for the
project, including when the power plant was ex-
pected to be operational. He noted, “[t]he project has
a total capacity of some 2 million acre-feet for flood
control and power, and incidentally would supply
additional water downstream for the benefit of the
municipalities along the river* * *.” Civil Functions,
Dep’t of the Army Appropriations for 1954: Hearings
on H.R. 5376 Before the Subcomm. of the H. Comm.
on Appropriations, 83d Cong. 503 (1953) (statement
of Col. Paules, Corps officer) (SUPPAR026688).
Representative Davis asked whether Atlanta was
contributing to the cost of the project. The Corps
officers responded, “While the city of Atlanta is not
contributing to this, they get benefits from it, inci-
dentally, as the result of the controlled release of
floodwaters, and as the water is released through the
powerplant.” Id. General Chorpening explained:

[T]here would be no legal way to collect payment
from the city of Atlanta, since, as was just stated,
there is no additional cost being included for the
construction of this project to provide the more
uniform flow of water which will pass the city of
Atlanta. In other words, the building of the project,
with its power production and flood control and
navigation benefits will not make available any
more water than is now going past Atlanta. It is
only going to make it flow by at a more uniform
rate.

Id. (statement of Gen. Chorpening, Corps officer).

The Corps requested an additional $5.8 million for
the Buford project in fiscal year 1955. Civil Func-
tions, Dep’t of the Army Appropriations, 1955: Hear-
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ings on H.R. 8367 Before the Subcomm. of the S.
Comm. on Appropriations, 83d Cong. 324 (1954)
(statement of Col. Whipple, Corps officer)
(SUPPAR026698). Colonel Whipple told the Sub-
committee that “[t]he project provides a considerable
amount of flood control, but its main purpose is the
output of power to the area.” Id. He also testified
that the project’s “additional benefits” would include
“increas[ing] the flow of water downstream which
improves the water supply at Atlanta, and the pro-
ject is unusually well situated for recreational use.”
Id. at 325 (SUPPAR026699). Again, the committee
members asked about whether Atlanta would con-
tribute toward the cost of the project. Colonel Whip-
ple responded, “We understand not, sir* * *. There
are no additional costs for [Atlanta’s water supply].
It is purely an incidental benefit on account of the
power releases which does not require any storage to
be devoted to that purpose.” Id.

In the next several years, Georgia’s Representative
Davis appeared in similar hearings before the House
and Senate Subcommittees on Appropriations. He
testified consistently that the purposes of the Buford
project were flood control, navigation, and hydroelec-
tric power, mentioning water supply only occasional-
ly. See, e.g., Public Works Appropriations for 1956:
Hearings on H.R. 6766 Before the Subcomm. of the S.
Comm. on Appropriations, 84th Cong. 307-09 (1955)
(statement of Rep. James Davis, Georgia)
(SUPPAR026713-15) (stating that the Buford project
is a “multi-purpose” project that will provide flood
protection, “will augment the low water flow of the
river” to support navigation and to assist in the
generation of power downstream, will generate “810
million kilowatt-hours of electrical energy annually
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and the additional water supply for the growing
metropolis of Atlanta”); Public Works Appropriations
for 1957: Hearings Before the Subcomm. of the H.
Comm. on Appropriations, 84th Cong. 355-57 (1956)
(statement of Rep. James Davis, Georgia)
(SUPPAR026720-22) (discussing flood control, navi-
gation, and power benefits but not mentioning water
supply benefits).

During construction of the dam, Gwinnett County
asked the Corps for permission to withdraw water
from the reservoir for water supply. F.G. Turner,
Ass’t Chief, Eng’g Div., Report on Withdrawal of
Domestic Water Supply from Buford Reservoir ¶ 1, at
1 (1955) (SUPPAR005459). The Corps responded:

that the primary authorized purposes of the Buford
project were flood control, power and low-flow regu-
lation for navigation and other purposes, and that
diversion of flows from the reservoir would, in some
degree, adversely affect one or more of these pur-
poses. [The Gwinnett County representatives] were
informed that additional legislation would be nec-
essary* * *.

Id. ¶ 2, at 1 (SUPPAR005459). The Corps noted that
the project “will provide storage for flood control,
hydro-electric power and increased flow for water
supply at Atlanta, Georgia, and for navigation in the
Apalachicola River.” Id. ¶ 5, at 2 (SUPPAR005460).
The report examined the “Provision for water supply
in the Atlanta Area,” discussing Atlanta’s concern
that the Corps maintain minimum flows in the river
to meet Atlanta’s water requirements. Id. ¶¶ 7-8, at
3 (SUPPAR005461). It also noted that Gwinnett
County requested initial withdrawals of four million
gallons per day from the reservoir and ultimate
withdrawals of ten million gallons per day. Id. ¶ 9, at
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3 (SUPPAR005461). The report predicted that “[t]he
granting of permission to Gwinnett County to with-
draw water for domestic water supply as requested
will no doubt establish a precedence [sic] for possible
like requests from other communities within the
area* * *.” Id. The report commented that Gaines-
ville, Georgia, had been granted permission to with-
draw a maximum of eight million gallons per day
from the reservoir. Id. ¶ 9, at 4 (SUPPAR005462). As
noted above, Gainesville had a water intake struc-
ture on the Chattahoochee River that was inundated
by Lake Lanier, and thus had a pre-existing right to
withdraw water.

In 1956, Congress granted the Corps permission to
contract with Gwinnett County for the use of up to
11,200 acre-feet of storage in Lake Lanier annually,
for a period not to exceed fifty years. Act of 1956,
Pub.L. No. 84-841, 70 Stat. 725 (1956) (amending
1946 RHA). There is no evidence in the record that
the Corps and Gwinnett County ever entered into
the contract contemplated by this statute. Although
the Corps and Gwinnett County did execute a water-
supply contract in the 1970s, neither the original
contract nor any supplement or extension thereto
invoked the authority of the 1956 statute but rather
relied on the more general authority of the WSA. See,
e.g., Supplemental Agreement No. 1 to Contract No.
DACW01-9-73-624 Between the U.S. & Gwinnett
County, Ga. for Withdrawal of Water from Lake
Sidney Lanier, at 1 (Apr. 29, 1974) (ACF004022)
(providing that, on expiration of the contract, Gwin-
nett County “shall have the right to acquire from the
Government, under the provisions of the Water
Supply Act of 1958, Public Law No. 85-500, the right
to utilize storage space in the project * * *”). Moreo-
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ver, the Corps’s first agreements with Gwinnett
County were, by their terms, “interim” contracts
pending the completion of a study of the Atlanta
area’s water-supply needs. Contract Between the
U.S. & Gwinnett County, Ga. for Withdrawal of
Water from Lake Sidney Lanier, at 2 (July 2, 1973)
(ACF004025); see also infra section C.1. As the
Georgia parties admit, all of the Corps’s contracts
with Gwinnett County have expired. (Ga.’s Mot. for
Summ. J. Factual App. ¶¶ 7.23, 7.33.)

In 1958, as the Buford Dam neared completion, the
Corps promulgated the Apalachicola River Basin
Reservoir Regulation Manual. U.S. Army Corps of
Eng’rs, Apalachicola River Basin Reservoir Regula-
tion Manual (1958) [hereinafter “1958 Manual”].
(ACF001640.) The 1958 Manual is a detailed descrip-
tion of the geography and hydrography of the ACF
basin, including all federal projects undertaken in
the basin. It describes Buford Dam as “a multiple-
purpose project with major uses of flood control, flow
regulation for navigation, and power.” 1958 Manual
¶ 85, at 27 (ACF001677). The 1958 Manual does not
specifically describe the operation of the Buford
project; rather, the regulation manual for the Buford
project, which was completed in October 1959, is
appended to the 1958 Manual as Appendix B.7 Id.
app. B (ACF001776); see also id. app. B ¶ 43, at B-21
(ACF001804) (listing October 1959 completion date).
The Corps has never updated the 1958 Manual or
the Buford Reservoir Regulation Manual (“Buford
Manual”), and thus these manuals are the current
regulation manuals for the ACF basin and Buford

7 Appendix A to the 1958 Manual is the regulation manual for
the Jim Woodruff Reservoir on the Apalachicola River.
(ACF001722.).
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dam.

The Buford Manual lists the elevation for the top of
the flood-control pool as 1085 feet above sea level. Id.
app. B, at B-1 (ACF001784). The elevation of the top
of the power pool is 1070 feet, and the bottom of the
power pool is 1035. Id. The reservoir’s flood-control
storage (elevation 1085 to 1070) is 637,000 acre-feet.
Id. Power storage is listed as 1,049,400 acre-feet. Id.
The manual also noted that the reservoir reached
full power pool on May 25, 1959, and that the Presi-
dent had signed a bill naming the reservoir Lake
Sidney Lanier on March 29, 1956. Id. app. B ¶¶ 8-9,
at B-5 (ACF001788).

The Buford Manual describes the project:

Buford is a multiple-purpose project with principal
purposes of flood-control, navigation and power. It
reduces flood stages in the Chattahoochee River as
far downstream as West Point, Georgia, 150 miles
below the dam; provides an increased flow for nav-
igation in the Apalachicola River below Jim Wood-
ruff Dam during low-flow seasons; and produces
hydroelectric energy, operating as a peaking power
plant. The increased flow in dry seasons also pro-
vides for an increased water supply for municipal
and industrial uses in the metropolitan area of
Atlanta, and permits increased production of hy-
droelectric energy at downstream plants.

Id. app. B ¶ 12, at B-6 (ACF001789). The Buford
Manual also details the regulation of the project:

Normally, the Buford project will be operated as a
peaking plant for the production of hydroelectric
power with minimum releases during the daily and
weekend off-peak period which will be sufficient,
with local inflows added, to supply the Atlanta area
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with not less than 600 cfs. During low-water peri-
ods such regulation will provide increased flow
downstream for navigation, water supply, pollution
abatement, and other purposes* * *. [T]he primary
purpose of the project is flood control, and a storage
of 637,000 acre-feet between elevations 1,070 and
1,085 has been reserved exclusively for the deten-
tion storage of flood waters.

Id. app. B ¶ 29, at B-13 (ACF001796). The Corps
contracted with the SEPA to provide 142,000 kilo-
watts of “dependable” power capacity from the pro-
ject. Id. app. B ¶ 31, at B-13 (ACF001796). The Corps
gave SEPA minimum declarations of energy the dam
would produce each month. Id. app. B ¶ 31, sec. 2. 1,
at B-15 (ACF001798). The Corps also noted its
commitment to keep the flow at Atlanta at a mini-
mum of 600 cfs. Id. app. B ¶ 33, at B-18 to 19
(ACF001801-02).

Enacted in 1958, the Water Supply Act (“WSA”),
Pub.L. 85-500, tit. III, 72 Stat. 319, changed the way
the Corps funded dam-building projects. Specifically,
the WSA required the Corps to allocate the costs of
each project to the benefits of the project so that, for
example, if a project benefitted primarily hydroelec-
tric power, the power interests would pay a propor-
tionate share of the cost of that project. See WSA §
301(b), 72 Stat. at 319. The Buford project was well
into construction by the time the WSA’s cost alloca-
tion requirements took effect, but the Corps endeav-
ored to comply with those requirements by issuing
cost allocation studies for the projects in the ACF
basin in 1959. Mobile Dist., U.S. Army Corps of
Eng’rs, Cost Allocation Studies, Apalachicola, Chat-
tahoochee and Flint Rivers Projects, Basis of All
Allocations of Costs for Buford and Jim Woodruff
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Projects Adopted by the Chief of Engineers 21 (1959)
(ACF002103) (noting that according to an agreement
between the Department of Interior, Department of
the Army, and the Federal Power Commission, “costs
of a multiple-purpose project shall be allocated
among the purposes served in such a manner that
each purpose will share equitably in the savings
resulting from combining the purposes in a multiple-
purpose development”).

This study report introduced the projects in the
ACF basin: “The primary benefits provided by the
ACF project are flood control, navigation and hydroe-
lectric power. The incidental benefits are low-water
regulation for water supply and pollution abatement
at Atlanta, Georgia and public use with facilities for
recreation* * *.” Id. at 2 (ACF002086); see also id. at
5 (ACF002089) (stating that the project “will be
operated for the primary purposes of flood control,
power, and navigation”). Although the report analyz-
es in detail the cost of the three benefits of flood
control, power, and navigation, it does not attribute
any costs to the “incidental” benefits of water supply,
pollution abatement, or recreation. Id. at 20
(ACF002102).

The report gives the total “first” cost of the Buford
project as $43,601,500. Id. at 23 (ACF002105). The
portion of this total allocated to navigation was
$1,518,200; to flood control, $3,402,600; and to
power, $38,680,100. Id. No portion of the project’s
costs was allocated to water supply.

Appendix A of the report is the cost allocation study
specifically for the Buford project. It states that
“[t]he primary purposes of the Buford project are
flood control and the generation of hydroelectric
power. Incidental uses attributable to the operation
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of the project for power include flow regulation for
navigation in the Apalachicola River and water
supply and pollution abatement in the Atlanta area.”
Id. app. A, at A-1 (ACF002108). The report notes
that full-scale power operation began at Buford in
July 1958. Id. app. A, at A-2 (ACF002109).

Table Four of the Appendix shows the “average
annual benefits” of the Buford project. The annual
benefit to navigation is listed as $75,900, to flood
control is $193,000, and total power benefits (includ-
ing benefits at site and downstream) are $2,476,200.
Id. app. A tbl. 4 (ACF002127). There are no benefits
calculated for any other purpose.

4. Water Supply

The various Corps reports and Congressional tes-
timony discussed above show the original role of the
Buford project in supplying water to Atlanta. At the
time Buford Dam was authorized, planned, and
constructed, the Corps did not anticipate any water-
supply withdrawals from the reservoir itself, with
the exception of the water withdrawn by the cities of
Gainesville and Buford. Nor did the Corps or any
other entity set aside any portion of Lake Lanier’s
storage for water supply. Rather, the water-supply
benefit discussed throughout the legislative history
was the regulation of the river’s flow. A more regular
flow was seen as providing Atlanta both with a
reliable flow in the Chattahoochee from which to
withdraw water, and more certainty diluting the
wastewater Atlanta discharged into the river.
Throughout the 1940s and 1950s, when water supply
is mentioned in connection with the Buford project,
that water supply is in the form of Atlanta’s with-
drawals from the river itself, far below the proposed
dam.
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In the decades after the Buford Dam was built,
however, the Corps’s and the Georgia parties’ defini-
tion of water supply in the Buford project changed
considerably. The origin of this change is difficult to
pinpoint. However, at some point after the dam was
completed, both the Corps and the municipal entities
in the Atlanta area began to envision the water
supply benefit as a storage-and-withdrawal benefit.
In other words, water supply came to mean not flow
regulation in the river but water withdrawals from
the lake.

B. Operation of Buford Project

1. 1970s

Once construction on the Buford project was com-
plete, the record reflects very little activity until the
early 1970s. In 1974, in accordance with NEPA, the
Corps prepared a final environmental impact state-
ment (“EIS”) “for continued operation and mainte-
nance of the existing Buford Dam and Lake Sidney
Lanier.” Mobile Dist., U.S. Army Corps of Eng’rs,
Final Environmental Impact Statement, Buford Dam
and Lake Sidney Lanier, Georgia (Flood Control,
Navigation and Power), Statement of Findings
(1974) [hereinafter “Final EIS ”] (ACF004338). The
preliminary statement in the EIS reported that the
“[a]uthorized project purposes provide peaking
hydroelectric power, flood control, and low flow
augmentation.” Id. The preliminary statement added
that “[a]dditional benefits derived from operation of
the project are recreation and water supply.” Id. The
summary states:

The project provides an average annual benefit of
$638,400 in flood control. The hydroelectric facili-
ties have a capacity of 86,000 kw and are operated
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to meet peak demands for electricity in the service
area. Low-flow augmentation provides water for
navigation, industrial and municipal uses down-
stream. The reservoir provides a source of water
supply for public water users. Over 15 million visi-
tors utilized the recreational facilities of the lake in
1972. The benefit-to-cost ratio is 3.6 to 1.

Id. at i (ACF004339). The EIS’s description of the
project notes that the “principal purposes” of the
project are flood control, navigation, and power. Id.
at 1 (ACF004342). The description explains the
project’s effect on the principal purposes, adding that
the “increased flow in dry seasons also provides for
an increased water supply for municipal and indus-
trial uses in the metropolitan area of Atlanta, and
permits increased production of hydroelectric energy
at down-stream plants.” Id. The EIS recognizes that
“recreation was not a primary purpose for which the
project was authorized,” but that recreation had
become a significant part of the use of the reservoir,
with Lake Lanier the most used Corps lake in the
United States. Id. at 12 (ACF004353).

The total storage of the reservoir is 2,554,000 acre-
feet, with 637,000 acre-feet of flood-control storage
and 1,049,400 acre-feet of power storage. Id. at 4
(ACF004344). The EIS does not list any storage for
water supply, but does note that Gwinnett County,
Gainesville, and Buford “obtain water directly from
the reservoir.” Id. at 14 (ACF04355). In addition,
“[t]he Atlanta metropolitan area increased its water
use from the river 37% (from 117 mgd to 160 mgd)8

between 1960 and 1968.” Id. The EIS also discusses
the changes in population in the area around the

8 Million gallons per day is often abbreviated “mgd” or “MGD.”
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lake, stating that “[t]he number of residences within
2 ¼ miles of the lake * * * doubled from the time of
completion of the project in 1956 through 1969.” Id.
at 15 (ACF004356). Such increases in population are
not without consequences, of course: “Wastes [sic]
treatment plants in the Atlanta metropolitan area
have failed to keep pace with the expanding popula-
tion, and the increased low flows with a 650 cfs
minimum flow at Atlanta have provided some relief
in improving stream water quality below Atlanta.”
Id. at 17 (ACF004358). The EIS also notes that
“[i]ncreased low flows have created a more dependa-
ble water supply for the Atlanta metropolitan area,
thus helping to insure an adequate source of water
for the expanding population. Storage in Lake Lanier
has increased the dependability of a source of water
for Gainesville, Gwinnett County, and Buford, Geor-
gia.” Id.

Both the EIS and the comments thereto reference a
study of Atlanta’s water quality and water supply
underway at the time the EIS was prepared. See,
e.g., id. at 26-27 (comments of the Environmental
Protection Agency) (ACF004367-68). This study,
referred to in the EIS as the “Atlanta Urban Study”
or the “Atlanta Water Resources Study,” was a joint
project of the Corps, the state of Georgia, and the
ARC. Id. at 30 (ACF004371). Because the study was
not completed in time for the EIS, the EIS stated
that a new EIS should be written when the study
was finished. Id. This study was not completed until
the early 1980s, and is discussed below as the Metro
Atlanta Area Water Resources Management Study
(“MAAWRMS”). No new EIS has been completed
since 1974.

Also in 1974, the Corps prepared a “Report on Con-
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solidation of Existing Program Documents.” Boyce J.
Christiansen, Consultant, U.S. Army Corps of
Eng’rs, Report on Consolidation of Existing Program
Documents, Lake Sidney Lanier (Buford Dam) Geor-
gia (1974) (ACF004096). This report specifically
addresses water supply in three different sections. In
the first section on “Facilities,” the report states:

Two cities, Gainesville and Buford, obtain water
directly from the reservoir. These cities relocated
their water works facilities with new or an addition
to these facilities. No storage space is allocated to
either Gainesville or Buford in these water supply
contracts. The Gainesville and Buford contracts
provides [sic] for the maximum withdrawal of
8,000,000 and 2,000,000 gallons of water respec-
tively from the reservoir in any 24 hour period.
Gwinnett County on [sic] June 1971 initiated a
request which would permit withdrawal direct
from the reservoir of 40,000,000 gallons per day by
1990. In a contract dated July 2, 1973 no storage
space is allocated to the county for water supply,
but the user will have the privilege of withdrawing
water not to exceed that rate until such time as the
Government studies of the areas [sic] water supply
needs is [sic] completed. Withdrawal is not ex-
pected to be initiated for two or three years. Lake
Lanier with its large water storage maintains a
minimum flow of 650 cfs on the Chattahoochee
River at Atlanta. The City of Atlanta and De Kalb
County water systems draw their entire water
supply from the Chattahoochee.

Id. at 32 (ACF004149).

In the section on “Trends,” the report noted that
neither Gainesville nor Buford pays anything for the
water each withdraws from the reservoir, but that
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“in the event the city desires to exceed th[e] [contrac-
tual] limitation an agreement will be necessary to
provide payment for additional quantities with-
drawn.” Id. at 54 tbl. 15 (ACF004180). The section
also discussed Gwinnett County’s request for water
supply withdrawals, stating that the requested
withdrawal “would require a study of municipal and
industrial water needs and a possible redistribution
of project costs to include water supply as a project
cost therefore a temporary contract on an interim
basis was entered into.” Id. at 54-55 tbl. 16
(ACF004180-81).

Finally, the report noted in the “Benefits” section
that no revenues had yet been collected from Gwin-
nett County for the water-supply withdrawals. Id. at
63 (ACF004197).

In 1979, scientists at Georgia State University
issued a report to the Corps on the environmental
impacts of four of the alternatives being considered
by the MAAWRMS mentioned above. Ga. State Univ.
Team Project No. 834, Preliminary Environmental
Impact Assessment of Water Supply Alternatives for
the Atlanta Metropolitan Area (1979) (ACF006918).
The alternatives under consideration were raising
the water elevation of Lake Lanier, phasing out
power generation at Buford Dam, constructing a
second dam below Lake Lanier to further regulate
the flows in the Chattahoochee River for the benefit
of Atlanta’s water supply and waste treatment, and
dredging the Morgan Falls reservoir. Id. at 33
(ACF006955). The report described Buford dam as a
“multipurpose project, built 1) to control floods, 2) to
improve water quality by means of flow augmenta-
tion, 3) to insure sufficient riverflow in the Chatta-
hoochee River before Columbus, Georgia, and 4) to
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produce hydroelectric power.” Id. at 21 (ACF006943).
The report did not mention Lake Lanier as an inde-
pendent source of water supply, nor did it discuss the
environmental impact of large-scale water-supply
withdrawals from Lake Lanier. See, e.g., id. at 37
(“In addition, no attention has been given to the
effects of additional water intakes, increases in
allowable supplies taken through existing intakes,
etc. Such factors will affect the flow in the river and
should be analyzed.”) (ACF006959).

2. Drought Operations

Although flood control was a primary concern of
both the Corps and Congress before and during
construction of the Buford project, a drought in 1980
and 1981 caused the Corps to re-evaluate its opera-
tion of the project. The Corps formulated a “Drought
Contingency Plan” to examine the operation of the
ACF projects during the drought and “to explore
alternative operational procedures during future
periods of extreme drought.” U.S. Army Corps of
Eng’rs, Drought Contingency Plan, Apalachicola,
Chattahoochee, and Flint Rivers, Florida and Geor-
gia ¶ 2, at 1 (1982) (ACF008205). The Drought
Contingency Plan was required because, during the
1981 drought, “not all project functions were met* *
*. Functions that were not fully provided were navi-
gation and contractual hydropower requirements.”
Id. ¶ 18, at 6 (ACF008210). The Plan did not com-
ment on the fact that navigation and hydropower
were two of the Congressionally mandated project
purposes.

The Drought Contingency Plan described an
agreement between Georgia Power and the Corps to
provide minimum releases from Buford Dam of 1750
cfs at the request of Georgia Power each year be-
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tween June 15 and September 15, to aid both water
supply and water quality. Id. ¶ 14(b), at 5
(ACF008209). The previous release requirements for
the dam were 600 cfs, 1958 Manual app. B ¶ 33, at
B-18 to -19 (ACF001801-02), although in the mid-
1970s the Corps had agreed to increase the minimum
releases to 650 cfs. Final EIS at 17 (ACF004358). In
addition, the Drought Contingency Plan described
water supply as a “principal function” of the ACF
basin projects, stating that water supply “must
always have a high priority in drought operations.”
Id. ¶ 26, at 12 (ACF008216).

Municipal and industrial water supplies which are
derived from the Chattahoochee River can probably
be adequately supplied during a drought. * * *.
Even if Lake Lanier were drawn to elevation 1035
for other purposes there is still sufficient stored
water which could be released through the low
level sluice to meet the water supply requirements.

No difficulty is contemplated in meeting water
supply volume requirements in a drought that is no
worse than those which have occurred in the past.
There may be, however, difficulty with particular
pumping installations. For example, within Lake
Lanier there are several withdrawal facilities
which could not get water if the pool were drawn to
unusually low levels. River pumping stations could
face the same problem. For this reason conserva-
tion of water should be promoted by local govern-
ment.

Id. At the time the plan was drafted, communities
surrounding Lake Lanier withdrew approximately
fifty-five million gallons per day from the lake.
Memorandum from Acting Commander, S. Atl. Div.
(Apr. 23, 1982) (ACF008230).
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In what appears to be an earlier version of the
plan, called the “Drought Contingency Report,” the
Corps stated that the “project purposes specified in
the authorizing document included flood control,
hydropower, and streamflow regulation for naviga-
tion.” U.S. Army Corps of Eng’rs, Drought Contin-
gency Report, Apalachicola, Chattahoochee, and Flint
Rivers, Florida and Georgia ¶ 3, at 1 (ACF008241).
Under the heading “Project Purposes” the Drought
Contingency Report provided: “Project costs for the
Buford project have been allocated between the three
legislatively authorized purposes. Prior to May 1979,
recreation, water supply and water quality have
always been considered to be functions of the Buford
project and were accommodated as much as possi-
ble.” Id. ¶ 4, at 1-2 (ACF008241-42). The Drought
Contingency Report noted that in a recent public
notice the Corps had recommended that “recreation,
water supply, and water quality control be acknowl-
edged as full project purposes of the Lake Lanier
project* * *.” Id. ¶ 5, at 2 (internal quotation and
citation omitted) (ACF008242). The public notice also
provided that “[a]ny significant change (in operation)
would require reconsideration of cost-sharing re-
quirements for the total project.” Id. (internal quota-
tion and citation omitted). According to the draft
Drought Contingency Report, “[i]n other words, any
‘significant’ change favoring recreation, water supply
or water quality over the three legislatively author-
ized purposes would require Congressional approv-
al.” Id.

3. MAAWRMS

As discussed briefly above, in the early 1970s the
United States Senate directed the Corps and other
entities to engage in a study of Atlanta’s water
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resources. This study lasted from 1972 to 1981 and
was published in September 1981 as the Metropoli-
tan Atlanta Area Water Resources Management
Study, or MAAWRMS. U.S. Army Corps of Eng’rs,
Metropolitan Atlanta Area Water Resources Man-
agement Study: Final Report and Final Environmen-
tal Impact Statement (rev. ed. Sept.1981) [hereinaf-
ter “MAAWRMS”] (SUPPAR001951). The final
version of the MAAWRMS evaluated three “long-
range water supply alternatives.” Id. at I-16
(SUPPAR001978). The alternatives were: (1) con-
struction of a reregulation dam below Buford Dam,
(2) reallocation of storage at Lake Lanier, or (3)
dredging the reservoir at Morgan Falls and reallocat-
ing Lake Lanier storage. Id.

The MAAWRMS noted that the Chattahoochee and
Lake Lanier supply more than 90 percent of the total
water supply for the metropolitan Atlanta area. Id.
at II-16 (SUPPAR001996). Lake Lanier “provides
storage for flood control, power, navigation, recrea-
tion, industrial and domestic water supplies, and
low-flow augmentation.” Id. at II-37
(SUPPAR002017). However, the project costs, total-
ing more than $55 million, were allocated to only
four project purposes or uses: hydropower, naviga-
tion, flood control, and recreation. Id. at II-39 tbl. II-
6 (SUPPAR002019). Of these four purposes/uses,
hydropower had borne the lion’s share of the costs,
paying more than $44 million.9

9 The MAAWRMS characterized recreation as an “authorized
project purpose under general legislation, the 1944 Flood
Control Act and the Federal Water Project Recreation Act of
1965.” MAAWRMS at II-40 (SUPPAR002020). Because of the
Court’s resolution of the water-supply issue, it is not necessary
to reach the issue of whether recreation is indeed an authorized
project purpose.
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The MAAWRMS recognized that changes in the
operation of the Buford project would require Con-
gressional approval. For instance, the study noted
that one of the proposed alternatives was construc-
tion of a new reregulation dam below Buford Dam.
Id. at II-48 (SUPPAR002028). If this construction
was undertaken by local governments and not by the
Corps, it would be the only alternative that would
not require Congressional approval. See id. (“[I]t was
considered that a reregulation dam constructed by
local governments would be the most probable alter-
native to the other long-range alternatives which
would require Congressional authorization for
changes in operation of the Buford project.”).

The MAAWRMS also contained a list of the exist-
ing water-supply contracts for withdrawals from
Lake Lanier. Id. at II-51 tbl. II-8 (SUPPA002031).
Despite the fact that only Gainesville and Buford
had received Congressional authority to withdraw
water from Lake Lanier, both Gwinnett County and
the city of Cumming had also contracted with the
Corps for these withdrawals. Id. The total withdraw-
als from the lake for water supply were given as 52.5
million gallons per day, with Gwinnett County
receiving the majority of these withdrawals at 40
million gallons per day. Id. Although in this litiga-
tion the Corps characterizes Gwinnett County’s and
Cumming’s water-supply contracts as “interim,” the
MAAWRMS states that “[o]nly the method and rate
of payment are of an interim nature.” Id. at II-51.

In 1975, to meet an immediate increased need for
water supply, the state of Georgia asked the
MAAWRMS group to develop an interim water-
supply plan that would allow the state to approve
additional withdrawals from the river and provide a
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flow of 750 cfs at all times. Id. at II-60. The Corps
agreed to a plan that allowed additional water re-
leases from Buford Dam. Id. That plan required the
hydropower interests to schedule peak releases from
the dam on weekends. Id. at II-62 (SUPPAR002042).
The power company agreed to this schedule only
until 1983. Id.

The interim MAAWRMS, released in 1978, also
recommended the imposition of a short-term water-
supply plan in the event the MAAWRMS was not
completed by 1983. Id. at II-69 (SUPPAR002049).
This short-term plan “include[d] raising the normal
pool at Lake Lanier by [one] foot and increasing off-
peak releases from Buford Dam.” Id. According to the
MAAWRMS, the short-term plan “would necessitate
reallocation or joint use of storage at the Lake Lanier
project* * *.” Id. at II-71 (SUPPAR002051). This plan
provided for an average annual withdrawal of 33
million gallons per day directly from Lake Lanier,
and the maintenance of a 750 cfs flow at Atlanta. Id.
at II-72 (SUPPAR002052). The MAAWRMS recog-
nized that the change in operations would have a
negative effect on hydropower generation at Buford
Dam, but calculated that hydropower would lose only
one percent in benefits, and that raising the pool
elevation one foot “would have a mitigating effect on
this loss.” Id. at II-74 (SUPPAR002054). The short-
term plan was included as a recommendation of the
Corps when the interim MAAWRMS was submitted
in 1978. Id. at II-78 (SUPPAR2058).

The final MAAWRMS stated that the “primary
purpose of all long-range alternatives was to enhance
water supply benefits through increased water
supply availability from the Chattahoochee River.”
Id. at II-83 (SUPPAR002063). Thus, “[a]lthough
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consideration was given to the impacts of each alter-
native on other water related uses of the lake and
river,” any harm to those other uses was considered
“incidental to formulation of each alternative for
water supply.” Id. The MAAWRMS acknowledged,
however, that “[a]ny proposed change in the opera-
tion of Buford Dam which would significantly impact
on authorized project purposes would require Con-
gressional approval.” Id. at III-2 (SUPPAR002074).

The MAAWRMS considered in detail three alterna-
tives. The first alternative was the construction of a
4100 acre-foot reregulation reservoir and dam on the
Chattahoochee six miles below Buford Dam. The
second was a reallocation of storage at Lake Lanier.
The third was a combination of dredging the Morgan
Falls reservoir (to increase storage at that reservoir)
combined with a reallocation of storage at Lake
Lanier. Id. at IV-3 (SUPPAR002105). In evaluating
these alternatives, the MAAWRMS considered as a
“base” condition average annual water-supply with-
drawals of 14.6 million gallons per day from Lake
Lanier, with projected average annual withdrawals
from the lake of 53 million gallons per day by 2010.
Id. at IV-7 tbl. IV-2 (SUPPAR002109).10 The study
also pointed out “how the increasing withdrawals
from Lake Lanier result in a decrease in the depend-
able peak energy from Buford Dam.” Id. at IV-7 to -8
tbl. IV-3 (SUPPAR002109-10). According to the
MAAWRMS, such decreases were acceptable because
the Corps report on which Congress based its initial

10 Although the analysis was “based on the assumption that
[water-supply] withdrawals are part of a base condition,” the
MAAWRMS also assumed that “a separate contract would be
entered into for such demands.” Id. app. C, at C-58
(SUPPAR002643).
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authorization of the project contemplated some
increase in releases from the dam to support water
supply. Id. at IV-9 (SUPPAR002111). The Corps
report from 1947 stated that these increased releases
“would not materially reduce the power returns”
from the dam, and opined that the benefits of an
assured water supply “ ‘would outweigh any slight
decrease in system power value.’ ” Id. (quoting New-
man Report ¶ 80, at 34 (ACF000668).). Although
withdrawals of 53 million gallons per day would
result in average annual power loss of $583,700 (in
1980 dollars), the MAAWRMS nevertheless consid-
ered 53 million gallons per day as the “base” with-
drawal and “an integral part of each alternative.” Id.
at IV-17 (SUPPAR002119).

The first alternative the MAAWRMS suggested
was the construction of a reregulation dam 6.3 miles
below Buford Dam. Id. at IV-24 (SUPPAR002126).
This reregulation dam would store outflows from
Buford Dam until those outflows were needed for
water supply. Id. at IV-31 (SUPPAR002133). The
total cost of this alternative was estimated at ap-
proximately $17.5 million. Id. at IV-44 tbl. IV-10
(SUPPAR002146). However, this alternative miti-
gated somewhat the lost power benefits assumed by
the “base” scenario of increasing water-supply with-
drawals from Lake Lanier. The power benefits
gained in this alternative were estimated at $1.2
million annually. Id. at IV-50 tbl. IV-14
(SUPPAR002152). The MAAWRMS estimated that
the increase in net benefits (for water supply, recrea-
tion, and power) under the first alternative would be
$1.2 million annually, for a benefit-cost ratio of 1.75.
Id. This alternative had the greatest annual net
benefits of any of the final three alternative plans.
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Id. at IV-64 to 65 (SUPPAR002166-67). It also re-
ceived the most support, from both federal and state
agencies. Id. at VI-1 (SUPPAR002238). Should the
federal government build the reregulation dam, the
Corps would be required to seek Congressional
authorization for the project. Id. at IV-81
(SUPPAR002183).

The second alternative called for reallocating stor-
age at Lake Lanier from power to water supply. Id.
at IV-86 (SUPPA002188); see also id. at IV-97
(SUPPAR002199) (describing alternative as involv-
ing “reallocating storage in Lake Lanier from power
to water supply”). According to the MAAWRMS,
water-supply storage in Lake Lanier amounted to
10,512 acre-feet in 1980, with 14.6 million gallons
per day withdrawn from the lake. Id. at IV-87 tbl.
IV-19 (SUPPAR002189). Under the second alterna-
tive, such storage would increase to 141,685 acre-feet
by 2010, with 53 million gallons withdrawn. Id.
Power generation would decrease from more than
123 million kilowatt-hours in 1980 to 97.7 million
kilowatt-hours in 2010. Id. “Losses in power benefits
* * * would occur primarily due to the need for
scheduling additional weekend releases from Buford
Dam for water supply.” Id. at IV-92
(SUPPAR002194). The MAAWRMS estimated the
total net annual benefit of the second alternative as
$475,100, with a benefit-cost ratio of 1.42. Id. Final-
ly, the MAAWRMS acknowledged that “Congres-
sional authorization would be required for realloca-
tion of storage to water supply.” Id. at IV-97
(SUPPAR002199).

The final alternative was to dredge the down-
stream Morgan Falls Reservoir and also reallocate
storage at Lake Lanier for water supply. Id. at IV-99
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(SUPPAR002201). The loss of power benefits under
this alternative was not as great as under the second
alternative, from 124.5 million kilowatt-hours in
1980 to 112 million kilowatt hours in 2010. Id. at IV-
100 tbl. IV-23 (SUPPAR002202). The annual net loss
in power benefits would be $284,600. Id. at IV-112
(SUPPAR002214). The Lake Lanier storage reallo-
cated to water supply would rise from zero acre-feet
in 1980 to 48,550 acre-feet in 2010.11 Id. at IV-100
tbl. IV-23 (SUPPAR002202). The dredging of the
Morgan Falls Reservoir would result in increasing
that reservoir’s storage capacity to 3200 acre-feet,
with maintenance dredging required to maintain
that capacity. Id. at IV-100 (SUPPAR002202). The
MAAWRMS calculated the net annual benefit of the
third alternative as either $875,000 if the dredged
material could be sold, or $312,000 if that material
could not be sold. Id. at IV-114. The benefit-cost ratio
varied from 2.13 to 1.23. Id. As with the second
alternative, “Congressional authorization would be
required for reallocation of storage to water supply.”
Id. at IV-119 (SUPPAR002221).

As discussed above, the MAAWRMS assumed a
baseline for all alternatives of phased-in realloca-
tions of storage at Lake Lanier from power to water
supply. This phased-in reallocation, however, can
skew the benefit-cost analysis. See id. at V-4
(SUPPAR002228) (“Non-phasing also reflects a more
equal comparison of the costs of the three plans* *
*.”). When the MAAWRMS analyzed the three alter-

11 The MAAWRMS does not explain why the second alternative
plan assumes that approximately 10,000 acre-feet at Lake
Lanier were allocated to water-supply storage in 1980, but the
third alternative assumes that Lake Lanier had no storage
allocated to water supply in 1980.
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natives, assuming that all reallocations would occur
at present to meet the future water-supply needs, the
costs of the second and third alternatives rose and
the net benefits decreased significantly. Id. at V-4 to
-5 tbl. V-3 (SUPPAR002228-29). Thus, if the Corps
did not have the authority to reallocate storage even
in the limited way envisioned by the “baseline” of the
MAAWRMS, the alternatives the study recommend-
ed were in general no longer cost-effective.

Ultimately, the MAAWRMS recommended the
adoption of the first alternative. Id. at VI-4
(SUPPAR002241). According to the Corps, the first
alternative was best suited “to provide a long-range
water supply, improvement in water quality and the
net positive contribution to the goal of National
Economic Development.” Id. at EIS-1
(SUPPAR002256). The final recommendation of the
MAAWRMS included a recommendation to Congress
that “[r]ecreation, water supply, and water quality
control should be acknowledged as full project pur-
poses of the Lake Lanier project along with power,
flood control, and navigation, and * * * all of these
purposes [should] be fully considered in future
decisions affecting the use or operation of the pro-
ject.” Id. ¶ 15, at IX-4 (SUPPAR002327).

4. Reregulation Dam to Reallocation of Storage

Congress considered the Corps’s recommendation
with respect to the reregulation dam in 1982. Pro-
posed Water Resources Dev. Projects of the U.S. Army
Corps of Eng’rs: Hearings Before the Subcomm. on
Water Resources of the H. Comm. on Public Works
and Transp., 97th Cong. 713 (1982). At least one
member of the Subcommittee expressed an unwill-
ingness for the federal government to fund a project
primarily for local water supply. See id. at 718
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(statement of Rep. Edgar, Pennsylvania)
(SUPPAR001443) (“Can you tell me when the corps
got involved in providing local water supplies?”); id.
at 719 (SUPPAR001443) (asking why the people of
Atlanta did not construct the proposed dam “rather
than the Federal Government coming in and provid-
ing the construction costs”); id. at 720
(SUPPAR001444) (“I am just wondering whether or
not we are providing a subsidy to Atlanta at the
Federal expense * * *.”). Unlike during the construc-
tion of Buford Dam, however, Atlanta expressed its
intention to share in the costs of the reregulation
dam. Id. at 2459 (SUPPAR001451) (Letter from
Andrew Young, Mayor, Atlanta, Ga., to Harry West,
Exec. Dir., ARC (July 14, 1982)).

Not all testimony supported the proposed project,
however. Nancy Wylie of the Georgia Conservancy
testified against the reregulation dam, noting that
some local governments in the area did not support
that alternative and that even the Atlanta City
Council had not strongly supported the project. Id. at
2508 (SUPPAR001476) (testimony of Nancy Wylie,
Georgia Conservancy). Ms. Wylie also pointed out
that neither Atlanta nor Georgia had made any
binding financial commitments to fund the project.
Id. Other participants in the MAAWRMS character-
ized the reregulation dam option as the preferred
option of the Corps and one that essentially had been
foisted on the other study participants. Id. at 2499-
2500 (SUPPAR001471-72) (testimony of David
Dingle, Chairman, MAAWRMS Citizen’s Task
Force). Mr. Dingle supported the reallocation-of-
storage alternative, noting that such reallocation
would require including water supply as an author-
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ized project purpose. Id. at 2502 (SUPPAR001473).12

The Chair of the Subcommittee offered his
thoughts on the project, asking that Georgia and
Atlanta give the Subcommittee a firmer commitment
to the proposed reregulation dam. Id. at 2520
(SUPPAR001482) (statement of Rep. Robert Roe). He
also predicted what has come to pass:

[W]ater resources and the need for water quality
and water supply in this Nation is extraordinary.

Power is vital to the Nation, but water is absolutely
essential, so that you are facing enormous competi-
tion for resources available * * *. [O]ne of the trag-
edies of our time is that it takes so long to get any-
thing achieved * * *.

I think it would be a shame to allow this to get
away from [Georgia] and 5 or 7 years from today *
* * that you would not have the natural resources
to be able to provide the economic resources re-
quired for the project.

Id.

In November 1984, the President’s Office of Man-
agement and Budget (“OMB”) declined to support the
proposed project. “The plan * * * appears to be a
desirable project that would go a long way toward
meeting water supply demand in the Atlanta area.
However, * * * non-federal development of the same
reregulating dam [is] the most likely alternative to a
Federal project for water supply.” Letter from Fred-
erick N. Khedouri, Assoc. Dir., OMB, to Robert K.

12 Others also recognized that water supply was “not specifically
authorized as a purpose” of the Buford project. Id. at 3251
(SUPPAR001491) (Letter from W.T. Bush, co-chairman,
Gwinnett County Water & Sewerage Auth. to Sen. Sam Nunn,
Ga. (Aug. 21, 1980)).



132a

Dawson, Assistant Sec’y of the Army-Civil Works
(Nov. 7, 1984) (SUPPAR036642). The letter empha-
sized the Administration’s policy of encouraging
“non-Federal development of water resources * * *.”
Id. In January 1985 the Corps wrote to Congress,
stating that it concurred with the OMB’s opinion on
the proposed reregulation dam project. Letter from
Robert K. Dawson, Assistant Sec’y of the Army-Civil
Works, to Sen. Robert T. Stafford, Chairman, S.
Comm. on Env’t and Pub. Works, at 2 (Jan. 8, 1985)
(ACF010341).

Despite the lack of support from the Administra-
tion and the Corps, Congress authorized the con-
struction of the reregulation dam in the Water
Resources Development Act of 1986 (“1986 WRDA”),
Pub.L. No. 99-662, tit. VI, § 601(a)(1), 100 Stat. 4137,
4140-41. The 1986 WRDA required that the project
meet certain criteria, including a general design
memorandum and supplemental environmental
impact statement prepared and “jointly approved” by
the Corps and Georgia. Id. It also provided that the
dam could be constructed by Georgia or other local
interests “at local cost.” Id. 100 Stat. at 4141. Con-
gress did not appropriate any money to fund any
construction costs for the reregulation dam.13

Shortly thereafter, the Corps determined that real-

13 In the design memorandum Congress required when it
authorized the reregulation dam, the Corps determined that
the most economical alternative was no longer a reregulation
dam, but was instead reallocation of storage at Lake Lanier.
Memorandum from Ralph V. Locurcio, Colonel, U.S. Army
Corps of Eng’rs, to Commander, S. Atl. Div. (Oct. 13, 1988)
(SUPPAR035867). This memorandum recommended that the
Corps prepare “a Post-Authorization Change Report recom-
mending reallocation of storage in Lake Lanier * * * for submit-
tal to Congress for authorization.” Id. ¶ 3.

http://www.westlaw.com/Link/Document/FullText?findType=l&pubNum=1077005&cite=UUID(IE27B49E4BF-9C4B8AA598A-8966F70A5F0)&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)
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location of storage at Lake Lanier was a more feasi-
ble alternative than the construction of a reregula-
tion dam. A March 25, 1988, report prepared by the
Corps’s South Atlantic Division and entitled “Addi-
tional Information Lake Lanier Reregulation Dam,”
stated that if the costs of acquiring the land that
would be inundated by the dam rose, the reallocation
alternative would become the most economic alterna-
tive. U.S. Army Corps of Eng’rs, Additional Infor-
mation, Lake Lanier Reregulation Dam 2 (1988)
(SUPPAR016865). The report warned that “[t]he
storage to be reallocated under [the second
MAAWRMS alternative] is beyond the approval
authority of the Chief of Engineers.” Id. The Corps
told ARC the same thing:

The Chief of Engineers has the discretionary au-
thority to approve reallocation of storage if the
amount does not exceed 50,000 acre-feet, or 15
percent of total usable storage, whichever is lower,
and if the reallocation would not have a significant
impact on authorized project purposes. Plan B [the
second MAAWRMS alternative] would require the
reallocation of 202,000 acre-feet of storage to meet
the year 2010 peak demand of 103 mgd from the
lake and 510 mgd from the river. The reallocation
of 202,000 acre-feet is much greater than the crite-
ria of 50,000 acre-feet. Therefore, the required real-
location is not within the discretionary authority of
the Chief of Engineers to approve. It can only be
approved by the ASA(CW) [Assistant Secretary of
the Army-Civil Works] if impacts are determined to
be insignificant. We believe the power losses are
significant and expect that Congressional approval
would be required for the reallocation.

Letter from C.E. Edgar III, Major General, U.S.
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Army Corps of Eng’rs, to Harry West, Exec. Dir.,
ARC, at 5 (Apr. 15, 1988) (SUPPAR017113). The
Corps estimated that the cost of the storage realloca-
tion would be more than $42 million. Id. at 6
(SUPPAR017114).

The Corps also provided a memorandum with a
“chronology” of the Lake Lanier Reregulation Dam
noting, among other events, a story in the May 31,
1988, edition of the Gwinnett Daily News that the
Corps was considering supporting the reallocation
alternative rather than the reregulation dam alter-
native. Memorandum, Lake Lanier Reregulation
Dam Chronology, to Joseph A. Goode 2 (Aug. 16,
1988) (SUPPAR016869). Several weeks later, the
Corps informed Georgia that it would recommend
“that the water supply needs be provided through
reallocation of storage in Lake Sidney Lanier.” Letter
from R.M. Bunker, Major General, U.S. Army Corps
of Eng’rs, to J. Leonard Ledbetter, Comm’r, Ga. Dep’t
of Natural Res. (Sept. 1, 1988) (SUPPAR016870).
The Corps acknowledged the switch in an internal
memorandum, characterizing the decision to promote
storage reallocation as “a political decision.” Memo-
randum from James Couey, Chief of Eng’rs, to Dis-
trict Eng’r, U.S. Army Corps of Eng’rs, 1 (Sept. 6,
1988) (SUPPAR017083). This memorandum stated
that the “next step” would be “for the Corps to pre-
pare a storage reallocation report to submit through
channels to the Secretary of the Army and Con-
gress.” Id.

While the Corps prepared a Post-Authorization
Change Report, Georgia prepared legislation to
submit to Congress authorizing the reallocation of
storage in Lake Lanier. On September 23, 1988,
Georgia Governor Joe Frank Harris sent proposed
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reauthorization legislation to Georgia Senator Sam
Nunn. Letter from Joe Frank Harris, Governor, Ga.,
to Senator Sam Nunn, Ga. (Sept. 23, 1988)
(SUPPAR014842). The proposed legislation provided
that the Buford project be “modified to provide that
the Secretary is authorized to reallocate permanently
from hydropower storage to water supply storage up
to an additional 300,000 acre-feet for municipal
water systems in the State of Georgia, at a total one-
time cost not to exceed $29,000,000.” Id. at 2
(SUPPAR014843).

The Corps issued its “Draft Post-Authorization
Change Notification Report For The Reallocation of
Storage From Hydropower To Water Supply at Lake
Lanier, Georgia” (“PAC Report”) in October 1989.
Mobile Dist., U.S. Army Corps of Eng’rs, PAC Report
(1989) (ACF041152). The PAC Report’s purpose was
to recommend that Congress rescind its approval of a
reregulation dam and instead approve a reallocation
of storage in Lake Lanier to water supply. Id. at 1
(ACF041165). The PAC Report endeavored

to fully evaluate the future water supply demands
for the Atlanta region to the year 2010, the storage
needed from Lake Lanier to satisfy these projected
demands, and to identify the associated impacts to
all the project purposes, both upstream and down-
stream of Buford Dam, of reallocating storage from
hydropower to water supply.

Id. at 6 (ACF041170).

According to the PAC Report, Lake Lanier has a
total storage capacity of 2,554,000 acre-feet. Id. at 12
(ACF041176). However, 867,600 acre-feet of that
amount is considered “inactive” storage, 637,000
acre-feet is allocated to flood control, and 1,049,400
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acre-feet is allocated to conservation storage. Id. The
Report calculated that water supply demands in
2010 would require a reallocation of 207,000 acre-
feet of storage, and recognized that “congressional
approval may be required” for that reallocation. Id.
The cost of the reallocation was estimated at $49.3
million. Id. at 21 (ACF041185).

Appendix A to the PAC Report was a draft Water
Control Plan for the ACF basin (“WCP”). Id. app. A,
at A-1 (ACF041197). The WCP’s objectives included
balancing operations to meet the projects’ purposes.
Id. app. A, at A-4 (ACF041200). The “purposes cited
in the projects’ original authorizations” were “[f]ish
and wildlife management, flood control, hydropower
and navigation.” Id. In addition, “over the years a
variety of activities (industrial and municipal water
supply, instream recreation, water quality, etc * * *)
have become dependent upon the operational pat-
terns of these projects.” Id.

The WCP set forth, apparently for the first time,
so-called “action zones” for each of the reservoirs in
the basin. Id. app. A, at A-11 (ACF041207). Accord-
ing to the Corps, these action zones “are to be used to
determine minimum hydropower generation at each
project, as well as the maximum possible assistance
to navigation from conservation storage.” Id. The
action zones took into consideration other factors,
such as the time of year, historical pool levels, and
“Resource Impact Levels” or “RILs.” Id. The RILs
were the Corps’s attempt to quantify the effect on
recreation of the various reservoir operations. Id.
app. A, at A-8 (ACF041204). The RILs included:
“Initial Impact Level,” defined as “the level where
recreation impacts are first observed (i.e., some boat-
launching ramps are unusable, most beaches are
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unusable or minimally usable and navigation haz-
ards begin to surface)”; “Recreation Impact Level,”
which is “the level where major impacts to conces-
sionaires and recreation are observed (more ramps
are not usable, all beaches are unusable, boats begin
having problems maneuvering in and out of marina
basin areas, loss of retail business)”; and the final
level, “Water Access Limited Level,” defined as “all
or almost all boat ramps [are] out of service, all
swimming beaches [are] unusable, major navigation
hazards occur, channels to marinas are impassable
and/or wet slips must be relocated, and a majority of
private boat docks are unusable.” Id. For Lake
Lanier, the Initial Impact Level was pool elevation
1066, Recreation Impact Level occurred at elevation
1063, and Water Access Limited Level was elevation
1060. Id. app. A, at A-9 (ACF041205). The normal
elevation of Lake Lanier is 1070.

The “Water Control Guidelines” in the WCP listed
objectives for all of the project purposes, including
those initially authorized and those subsequently
developed. Thus, the WCP outlined management for
general hydropower operations, navigation, recrea-
tion, and water supply/water quality, among others.
Id. app. A, at A-12 to -16 (ACF041202-12). For water
supply, management “involves taking water from
storage, either directly from the pool or through
releases for downstream interests. Of primary con-
cern is that sufficient drinking water is available for
urban needs and that agreements to provide in-
stream flow for water quality are not violated.” Id.
app. A, at A-15 (ACF041211). “Releases from projects
in the system will be the minimum (capacity) release
for hydropower or releases needed for basin-wide
water quality/water supply, whichever is greater.”
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Id.

Although the WCP did not fully explain the “action
zones” on which it based the ACF basin operations,
the Corps uses the action zones “to manage the lakes
at the highest level possible for recreation and other
purposes that benefit from high lake levels.” Memo-
randum, U.S. Army Corps of Eng’rs, ACF Drought
Conference, at 11 (Sept. 20, 2007) (SUPPAR035773).
The Corps describes those action zones as follows:

Zone 1 indicates that releases can be made in sup-
port of seasonal navigation [ ]when the channel has
been adequately maintained, hydropower releases,
and water supply, and water quality releases. If all
the lakes are in Zone 1 or above, the river system
would operate in a fairly normal manner.

Zone 2 indicates that water to support seasonal
navigation may be limited. Hydropower generation
is supported at a reduced level. Water supply and
water quality releases are met. Minimum flow tar-
gets are met.

Zone 3 indicates that water to support seasonal
navigation may be significantly limited. Hydro-
power generation is supported at a reduced level.
Water supply and water quality releases are met.
Minimum flow targets are met.

Zone 4 indicates that navigation is not supported.
Hydropower demands will be met at minimum
level and may only occur for concurrent uses. Wa-
ter supply and water quality releases are met. Min-
imum flow targets are met.

Id. (alterations in original). The WCP’s RILs and
“action zones” highlight the shift in operations at
Buford from hydropower, flood control, and naviga-
tion to water supply and recreation.
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The draft WCP was never finalized or adopted,
because in 1990 the state of Alabama filed a lawsuit
challenging the WCP and various water-supply
withdrawal contracts between the Corps and Georgia
communities.

C. History of the Litigation

From the time the Buford Dam was constructed
and Lake Lanier filled, municipal entities had re-
quested and received permission to withdraw water
from the lake. Initially, only Gainesville and Buford,
whose water intake structures on the Chattahoochee
River had been inundated by Lake Lanier, withdrew
water directly from the lake. The withdrawals were
relatively small-eight million gallons per day for
Gainesville and two million gallons per day for
Buford-and amounted to slightly more than 10,000
acre-feet14 of Lake Lanier’s “conservation” storage;
storage that the Corps deemed usable storage, for
hydropower or for purposes other than flood control.

1. Water-Supply Contracts

In the 1950s, Gwinnett County asked permission to
make withdrawals from the lake. The Corps refused
the request at that time, saying that such withdraw-

14 One million gallons per day is equal to 1.547 cfs of flow. See
MAAWRMS at III-6 (SUPPAR002078). According to the Corps,
during normal operations, 1600 cfs equal one acre-foot of
storage. The conservation storage of Lake Lanier is 1,049,400
acre-feet. Therefore, the total storage used between Gainesville
and Buford is 10,146 acre-feet. (10 mgd x 1.547 cfs / 1600 =
.00966875. And .00966875 x 1,049,400 = 10,146 acre-feet.)
Under the conditions present in the 1986-1988 drought, during
which 1485 cfs equaled one acre-foot, the storage necessary for
10 million gallons per day would be 10,932 acre-feet. The WCP
uses a different figure for storage in which 1734 cfs equals one
acre-foot. See WCP app. C, at C-4 (ACF041302). Using this
figure, 10 million gallons per day is equal to 9,362 acre-feet.



140a

als would affect the project’s authorized purposes
and that Gwinnett County would have to seek per-
mission from Congress for the withdrawals. F.G.
Turner, Ass’t Chief, Eng’g Div., Report on Withdraw-
al of Domestic Water Supply from Buford Reservoir ¶
2, at 1 (1955) (SUPPAR005459). Congress ultimately
authorized Gwinnett County to use storage space “in
an amount not to exceed eleven thousand two hun-
dred acre-feet of water annually,” Pub.L. No. 84-841,
70 Stat. 725 (1956) (amending 1946 RHA), but the
Corps and Gwinnett County did not enter into any
contracts at that time.15 As discussed previously, in
1973, without invoking the authority provided by the
1956 statute, the Corps and Gwinnett County con-
tracted for withdrawals of 40 million gallons per day
from Lake Lanier pending the completion of the
MAAWRMS and the adoption of the study’s recom-
mended plan. Contract Between the U.S. and Gwin-
nett County, Ga., for Withdrawal of Water from Lake
Sidney Lanier at 2 (July 2, 1973) (ACF004025). Forty
million gallons per day amounts to almost 37,500
acre-feet of storage using the 1734 yield figure, and
more than 43,700 acre-feet using the current 1485
figure. In 1985, Gwinnett County agreed to pay $5.40
per million gallons, or $216 per day, for the 40 mil-
lion gallons it was allowed to withdraw daily from
the lake. Dist. Eng’r, U.S. Army Corps of Eng’r Dist.-
Mobile, Civil Works Projects Water Supply Contract
Status Report-Gwinnett County (1987)
(SUPPAR014884). The Corps’s Status Report for this
contract noted that the Corps’s South Atlantic Divi-

15 11,200 acre-feet of storage would provide approximately 10.2
million gallons per day of water, using 1485 cfs as the yield
figure. Assuming 1734 as the yield, 11,200 acre-feet provides
almost 12 million gallons per day.



141a

sion had approved a supplement to this contract
increasing the withdrawals to an annual average
rate of 53 million gallons per day. Id. The Status
Report also noted that the Gwinnett County contract
was an “interim” contract “until 1 July 1989 to allow
time for local interests to determine whether they
will fund construction of a re-regulation dam down-
stream of Buford Dam.” Id.

The status reports for the other water-supply con-
tracts similarly note the “interim” nature of the
contracts. The ARC’s contract is for 377 million
gallons per day, at a charge of $5.79 for each million
gallons in excess of 327 million gallons per day. Dist.
Eng’r, U.S. Army Corps of Eng’r Dist.-Mobile, Civil
Works Projects Water Supply Contract Status Report
(1988) (SUPPAR014880); see also Contract, Supple-
mental Agreement No. 1 to Contract No. DACW01-9-
86-145 Between the U.S. and the Atlanta Reg’l
Comm’n for Withdrawal of Water from the Chatta-
hoochee River Downstream from Lake Sidney La-
nier, Ga., at 1 (June 17, 1986) (ACF011978). Gaines-
ville’s contract, dated May 27, 1987, is for 20 million
gallons per day, at a charge of $12.44 for each million
gallons in excess of the Congressionally authorized 8
million gallons per day. Contract Between the U.S.
and City of Gainesville, Ga. for Withdrawal of Water
from Lake Sidney Lanier, at 2-3 (May 28, 1987)
(ACF014383). Buford had no new contract aside from
the initial authorization of 2 million gallons per day.
Dist. Eng’r, U.S. Army Corps of Eng’r Dist.- Mobile,
Civil Works Projects Water Supply Contract Status
Report-Buford (1988) (SUPPAR014882). The Status
Report provided that Buford must enter into a new
agreement if it wanted to withdraw more than 2
million gallons per day. Id. The Status Report for
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Cumming showed two contracts, one from 1978 and
another from 1985. Dist. Eng’r, U.S. Army Corps of
Eng’r Dist.-Mobile, Civil Works Projects Water Sup-
ply Contract Status Report-Cumming (1988)
(SUPPAR014883). The 1978 contract allowed with-
drawals of 2.5 million gallons per day; the 1985
contract allowed 5 million gallons per day. Id. The
Corps charged Cumming $7.88 for each million
gallons per day. Id. A contract dated November 16,
1988, allowed Cumming to withdraw 10 million
gallons per day. Contract, Supplemental Agreement
No. 2 to Contract No. DACW01-9-77-1096 Between
the U.S. and the City of Cumming, Ga. For With-
drawal of Water from Lake Sidney Lanier, Ga., at 3
(Nov. 16, 1988) (ACF014401).

All of these “interim” water-supply contracts (save
Buford’s and Gainesville’s Congressionally author-
ized withdrawals of two million and eight million
gallons per day, respectively), expired on January 1,
1990. See, e.g., Contract, Supplemental Agreement
No. 5 to Contract No. DACW01-9-73-624 Between
the U.S. and Gwinnett County, Ga. For Withdrawal
of Water from Lake Sidney Lanier, at 3 (July 24,
1989) (ACF004006). However, the municipal entities
continue to withdraw water pursuant to these con-
tracts. Alabama and Florida therefore characterize
the continuing withdrawals as occurring pursuant to
“holdover” contracts. In addition, Alabama and
Florida contend that the storage required by the
“holdover” contracts has, for all intents and purpos-
es, been reallocated to water-supply storage. They
call this “de facto” reallocation.

The Eleventh Circuit Court of Appeals described
the Corps’s decisionmaking with respect to the
water-supply contracts:
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Beginning in the 1970s, in accordance with the
Corps’ view that water supply was an appropriate
“incidental benefit” of the creation of [Lake Lanier],
the Corps entered into interim contracts with local
government entities in Georgia to allocate storage
capacity in the Lake for local water supply * * *. As
demand for water increased and the local govern-
mental entities desired an assured permanent sup-
ply, the Corps in 1989 announced plans to seek
congressional approval in accordance with the Wa-
ter Supply Act of 1958 (“WSA”), 43 U.S.C. § 390b
(2003), to enter into permanent water storage con-
tracts with the local governmental bodies, propos-
ing [the PAC Report] for congressional approval.

Alabama v. U.S. Army Corps of Eng’rs, 424 F.3d
1117, 1122 (11th Cir. 2005).

2. Pre-MDL Litigation

On June 28, 1990, the state of Alabama filed a law-
suit against the Corps in the United States District
Court for the Northern District of Alabama challeng-
ing the water-supply contracts and the draft WCP.16

Shortly after the case was filed, the state of Florida
moved to intervene as a plaintiff and the state of
Georgia moved to intervene as a defendant. In Sep-
tember 1990, however, before the court ruled on the
intervention motions, the parties requested that the
court stay the matter pending settlement negotia-
tions. As part of the joint motion to stay, the Corps
agreed that it would not “execute any contracts or
agreements which are the subject of the complaint in

16 Originally, the lawsuit challenged not only the Corps’s
operations in the ACF basin, but also the operations in the
Alabama-Coosa-Tallapoose (“ACT”) basin. The claims involving
the ACT basin are no longer part of this case.
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this action unless expressly agreed to, in writing, by
Plaintiff [Alabama] and Florida.” (Ex. A to Docket
No. 20 in Case No. 3:07-md-00001 at 2.) The stay
also provided that either party could terminate the
stay by so notifying the court, the parties, and the
proposed intervenors. (Id. at 2-3.) In 1992, the par-
ties negotiated a Memorandum of Agreement
(“MOA”) that temporarily resolved the parties’
differences.17 The stay, however, remained in place.

In 1997, Congress ratified the ACF Compact.
Pub.L. No. 105-104, 111 Stat. 2219 (1997). This
Compact created an “ACF Basin Commission” com-
posed of the Governors of Florida, Georgia, and
Alabama, and a non-voting representative of the
federal government, to be appointed by the Presi-
dent. Id. art. VI(b)-(c), 111 Stat. at 2221. The Com-
mission was charged with establishing “an allocation
formula for apportioning the surface waters of the
ACF Basin among the states of Alabama, Florida
and Georgia.” Id. art. VI(q)(12), 111 Stat. at 2222.
The Compact did not nullify or otherwise modify any
existing water-supply contract, but rather provided
that, until a water allocation formula was developed,
existing water-supply contracts would be honored
and, further, that water-supply providers could
increase the amount of water they withdrew from the
ACF basin’s waterways “to satisfy reasonable in-
creases in the demand” for such water. Id. art. VII(c),
111 Stat. at 2223-24. The right to use the water
pending the allocation formula did not, however,
create any permanent or vested rights to the water.
Id. art. VII(c), 111 Stat. at 2224. The Compact was to

17 According to the Court of Appeals, the MOA required the
Corps to abandon the PAC Report. Alabama, 424 F.3d at 1123.
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expire on December 31, 1998, but was extended
several times. Id. art. VIII(a)(3), 111 Stat. at 2224.
The Compact finally expired on August 31, 2003,
when the Commission was not able to agree on a
water allocation formula. Alabama, 424 F.3d at 1123.
The stay of the Alabama case remained in effect
during the pendency of the Compact.

In 2001, the Georgia parties filed their own lawsuit
against the Corps in the United States District Court
for the Northern District of Georgia. Georgia v. U.S.
Army Corps of Eng’rs, No. 2:01-CV-26 (N.D. Ga. filed
Feb. 7, 2001) (“Georgia I ”). This lawsuit challenged
the Corps’s denial of Georgia’s water-supply request,
which sought a permanent reallocation of storage in
Lake Lanier for water supply. (Comp.¶ 1.) In denying
that request, the Corps found that the reallocation
Georgia requested would “affect authorized project
purposes” and that it “cannot be accommodated
without additional Congressional authorization.”
Letter from R.L. Brownlee, Ass’t Sec’y of the Army
(Civil Works), to Roy E. Barnes, Governor, Ga. (Apr.
15, 2002) (ACF036354).

Meanwhile, the SeFPC filed its own lawsuit
against the Corps in the United States District Court
for the District of Columbia. Se. Fed. Power Custom-
ers v. Caldera, No. 1:00-cv-2975 (D.D.C. filed Dec. 12,
2000). The SeFPC alleged that the Corps’s decision
to reallocate water supply to municipal entities in
Georgia harmed the SeFPC’s ability to produce
power from Buford Dam and increased the cost of
that power. The Georgia parties intervened but
Alabama and Florida did not intervene. The parties
dispute whether Alabama and Florida were informed
about the pendency of the case.

In 2003, before the ACF Compact expired, the
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Corps, the SeFPC, and the Georgia parties settled
the SeFPC’s lawsuit and also resolved at least some
of the issues pending in Georgia’s lawsuit. The
Settlement Agreement required the Corps to negoti-
ate interim contracts for the purchase of storage in
Lake Lanier with Gwinnett County, Gainesville, and
ARC. Settlement Agreement § 3.1, at 4
(SUPPAR024052). Under the terms of the Settle-
ment Agreement, Gwinnett County would purchase
175,000 acre-feet of storage, which would provide a
withdrawal of 152.4 million gallons per day from the
lake. Id. § 3.1.1(a), at 5 (SUPPAR024053). Gaines-
ville would purchase 20,675 acre-feet, or 18 million
gallons per day, also from the lake. Id. § 3.1.1(b), at 5
(SUPPAR024053). ARC would purchase 45,183 acre-
feet of storage, which would allow ARC to withdraw
367 million gallons per day from the Chattahoochee.
Id. § 3.1.1(c), at 5 (SUPPAR024053). The Corps
would calculate a credit to the SeFPC for hydropower
benefits foregone, not to exceed the revenues re-
ceived from the interim contracts. Id. § 4.1, at 13
(SUPPAR024061). The agreement also required the
Corps to seek Congressional approval to make the
interim contracts permanent, unless a court deter-
mined that the Corps was not required to secure
Congressional approval for the permanent realloca-
tion of storage. Id. § 3.1.4(a), at 10 (SUPPAR024058);
see also Se. Fed. Power Customers, Inc. v. Caldera,
301 F.Supp.2d 26, 33 (D.D.C.2004). The agreement
provided for a stay of its provisions pending the
Corps’s completion of a NEPA review of the con-
tracts. Settlement Agreement § 5.1.1, at 14
(SUPPAR024062).

In October 2003, the Alabama court enjoined the
filing of the Settlement Agreement in the D.C. case,
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finding that the Corps had violated the terms of the
stay in the Alabama case by entering into the Set-
tlement Agreement without first seeking Alabama
and Florida’s approval. See Alabama v. U.S. Army
Corps. of Eng’rs, 357 F.Supp.2d 1313, 1316
(N.D.Ala.2005) (quoting 1990 Joint Motion to Stay).
The court enjoined the Corps from filing or imple-
menting the Settlement Agreement or entering into
any new storage or withdrawal contracts affecting
the ACF water basin without court approval. Id. at
1320-21. The Corps appealed the decision to the
Eleventh Circuit Court of Appeals.

In February 2004, the Southeastern Federal Power
Customers court approved the Settlement Agreement
subject to the condition that the agreement not be
implemented until the preliminary injunction in
Alabama was dissolved. Se. Fed. Power Customers,
Inc. v. Caldera, 301 F.Supp.2d at 35. The Alabama
court refused to modify or vacate the preliminary
injunction. Alabama, 357 F.Supp.2d at 1320.

In September 2005, the Eleventh Circuit Court of
Appeals vacated the Alabama court’s preliminary
injunction. Alabama v. U.S. Army Corps of Eng’rs,
424 F.3d 1117, 1133-36 (11th Cir. 2005). The South-
eastern Federal Power Customers court then entered
final judgment, declaring the Settlement Agreement
valid. Mem. & Order at 16, Se. Fed. Power Custom-
ers, Inc. v. Caldera,301 F.Supp.2d 26 (D.D.C. 2004).
Alabama and Florida appealed that decision to the
District of Columbia Circuit Court of Appeals. While
the appeal was pending, the D.C. district court
stayed the implementation of the Settlement Agree-
ment to allow the Corps to complete the required
NEPA processes. Mem. & Order at 1, Se. Fed. Power
Customers, Inc. v. Caldera, No. 1:00-cv-2975 (D.D.C.
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Jan. 20, 2006).

In March 2007, the Judicial Panel on Multidistrict
Litigation transferred the Alabama and Georgia
cases and two other related cases (Florida v. U.S.
Fish & Wildlife Serv., No. 4:06-410 (N.D. Fla. filed
Sept. 6, 2006) and Georgia v. U.S. Army Corps of
Eng’rs, No. 1:06-1473 (N.D. Ga. filed June 20, 2006)
(“Georgia II ”)) to this Court for resolution. The Panel
did not transfer the Southeastern Federal Power
Customers case, because that case was pending
before the Circuit Court of Appeals and such trans-
fers exceed the Panel’s authority. Since that time,
three more cases have been transferred into the
MDL: City of Columbus, Ga. v. U.S. Army Corps of
Eng’rs, No. 4:07-125 (M.D. Ga. filed Aug. 13, 2007);
City of Apalachicola, Fla. v. U.S. Army Corps of
Eng’rs, No. 4:08-23, 2008 WL 460750 (N.D. Fla. filed
Jan. 15, 2008); and finally, after the D.C. Circuit
remanded the case to the district court, Se. Fed.
Power Customers, Inc. v. Caldera, No. 1:00-2975
(D.D.C. filed Dec. 20, 2000).

3. Southeastern Federal Power Customers

As discussed briefly above, the Southeastern Feder-
al Power Customers case and the attempted settle-
ment of that case generated a flurry of litigation.
Similarly, the D.C. Circuit’s decision on the legality
of the Settlement Agreement in that case has gener-
ated much briefing and argument here. At least
according to the parties, this Court’s interpretation
of and deference to the D.C. Circuit’s opinion will
dictate the outcome of the pending Motions.

In Southeastern Federal Power Customers v. Ger-
en,18 514 F.3d 1316 (D.C.Cir. 2008) (“SeFPC ”), the

18 Peter Geren was the Secretary of the Army at the time the
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D.C. Circuit Court of Appeals considered whether the
Corps exceeded its statutory authority by entering
into the Settlement Agreement that required the
Corps to reallocate some of the storage in Lake
Lanier to water supply. The court held that the
reallocation accomplished by the terms of the Set-
tlement Agreement violated the requirements of §
301(d) of the WSA, 43 U.S.C. § 390b(d), because that
reallocation was a “major operational change on its
face.” Id. at 1318. The Corps’s failure to secure the
approval of Congress before entering into the Set-
tlement Agreement required, in the D.C. Circuit’s
opinion, that the Agreement be set aside. Id.

The D.C. Circuit noted that the reallocations re-
quired by the Settlement Agreement amounted to
more than twenty-two percent of Lake Lanier’s total
conservation storage of 1,049,400 acre-feet, and was
nine percent more than the storage space allocated to
water supply in 2002. Id. at 1319-20. The court then
turned to the statutory requirements for water
supply. It noted that the WSA authorizes storage for
water supply “ ‘in any reservoir project surveyed,
planned, constructed or to be planned * * * by the
Corps of Engineers * * *’ so long as the costs of
construction or modification are adequately shared
by the beneficiaries.” Id. at 1321 (quoting WSA §
301(b), 72 Stat. at 319 (codified at 43 U.S.C. §
390b(b))). The court quoted WSA § 301(d), which
requires that any modification that “would seriously
affect the purposes for which the project was author-
ized, surveyed, planned, or constructed, or which
would involve major structural or operational chang-

D.C. Circuit considered the SeFPC case. He was preceded in
that position by Louis Caldera.
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es shall be made only upon the approval of Congress
* * *.” Id. at 1321-22 (quoting WSA § 301(d), 72 Stat.
at 320 (codified at 43 U.S.C. § 390b(d))).

Alabama and Florida argued that the Settlement
Agreement’s reallocations of storage constituted a
“major operational change” within the meaning of
the WSA. The appellees, who were the Georgia
parties, the SeFPC, and the Federal Defendants,
argued that the Settlement Agreement was not an
operational change but merely preserved the status
quo of allowing “ ‘incremental increases in with-
drawal amounts * * *.’ ” Id. at 1322 (quoting Appel-
lees’ Br. at 37). The appellees also argued that be-
cause the Settlement Agreement provided for tempo-
rary contracts of two 10-year periods, the contracts
did not require Congressional approval. Id.

The D.C. Circuit rejected the appellees’ arguments:

On its face, then, reallocating more than twenty-
two percent (22%, approximately 241,000 acre feet)
of Lake Lanier’s storage capacity to local consump-
tion uses constitutes the type of major operational
change referenced by the WSA; the reallocation’s
limitation to a “temporary” period of twenty years
does not change this fact. Even a nine percent (9%,
approximately 95,000 acre feet) increase over 2002
levels for twenty years is significant. Appellees’
contrary arguments are unpersuasive.

Id. at 1324 (citation omitted). The court also stated
that “the appropriate baseline for measuring the
impact of the Agreement’s reallocation of water
storage is zero, which was the amount allocated to
storage space for water supply when the lake began
operation.” Id.

The court concluded:
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In other circumstances it is conceivable that the
difference between a minor and a major operation-
al change might be an ambiguous matter of degree,
where the Court would consider whether [the
Corps’s] authoritative interpretation should be
accorded deference * * * in defining the term “ma-
jor operational change.” But the Agreement’s real-
location of over twenty-two percent (22%) of Lake
Lanier’s storage space does not present that situa-
tion. It is large enough to unambiguously consti-
tute the type of major operational change for which
section 301(d) of the WSA, 43 U.S.C. § 390b(d),
requires prior Congressional approval.

Id. at 1325. The court thus reversed the district
court’s approval of the Settlement Agreement and
remanded the case. Shortly thereafter, the MDL
Panel transferred the Southeastern Federal Power
Customers case into this Tri-State Water Rights
litigation.

The administrative record is complete and the par-
ties’ Motions for Summary Judgment are fully
briefed.19 The matter is now ripe for the Court’s
resolution.

DISCUSSION

A. Standard of Review

The Administrative Procedures Act (“APA”) waives

19 None of the parties addresses any statute of limitations
issues in their extensive briefing on these Motions, although
some of the contracts Alabama and Florida challenge were first
executed in the 1970s. However, due to the “renewing” nature
of the contracts and the PAC Report’s acknowledgment in 1989
that the Corps was attempting to create a new scheme for the
allocation of storage in Lake Lanier, the Court would find that
Alabama and Florida’s claims are within the statute of limita-
tions in any event.
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a government agency’s traditional sovereign immuni-
ty by providing that “[a] person suffering legal wrong
because of agency action, or adversely affected or
aggrieved by agency action within the meaning of a
relevant statute, is entitled to judicial review there-
of.” 5 U.S.C. § 702. The statute also proscribes limits
to this general rule. First, an agency action must be
final to be reviewable: “A preliminary, procedural, or
intermediate agency action * * * is subject to review
[only] on the review of the final agency action.” Id. §
704. In addition, relief under the APA is limited: a
court may “compel agency action unlawfully with-
held or unreasonably delayed,” id. § 706(1), and may

hold unlawful and set aside agency action, find-
ings, and conclusions found to be-

(A) arbitrary, capricious, an abuse of discretion,
or otherwise not in accordance with law;

(B) contrary to constitutional right, power, privi-
lege or immunity;

(C) in excess of statutory jurisdiction, authority,
or limitations, or short of statutory right; [or]

(D) without observance of procedure required by
law * * *.

Id. § 706(2).

Because the agency action at issue here requires
review of the agency’s interpretation of a statute-
namely the Corps’s determination as to whether the
storage reallocations require Congressional approval
under the WSA-the Court must engage in a two-step
analysis:

First, * * * is the question whether Congress has
directly spoken to the precise question at issue. If
the intent of Congress is clear, that is the end of
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the matter; for the court, as well as the agency,
must give effect to the unambiguously expressed
intent of Congress. If, however, the court deter-
mines Congress has not directly addressed the
precise question at issue * * * the question for the
court is whether the agency’s answer is based on a
permissible construction of the statute.

Chevron U.S.A, Inc. v. Natural Res. Def. Council, 467
U.S. 837, 842-43, 104 S.Ct. 2778, 81 L.Ed.2d 694
(1984) (footnote call numbers omitted). The Court is
not required to set aside the agency’s construction
merely because the Court’s interpretation differs
from the agency’s. Id. at 843 n. 11, 104 S.Ct. 2778.
However, the Court, not the agency, “is the final
authority on issues of statutory construction and
must reject administrative constructions which are
contrary to clear congressional intent.” Id. at 843 n.
9, 104 S.Ct. 2778. Moreover, “a reviewing court ‘must
reject administrative constructions * * * that are
inconsistent with the statutory mandate or that
frustrate the policy that Congress sought to imple-
ment.’ ” Sierra Club v. Johnson, 541 F.3d 1257, 1265
(11th Cir. 2008) (quoting Sec. Indus. Ass’n v. Bd. of
Governors of Fed. Reserve Sys., 468 U.S. 137, 143,
104 S.Ct. 2979, 82 L.Ed.2d 107 (1984)).

The first step in the Chevron analysis is to deter-
mine Congressional intent using the “traditional
tools of statutory construction.” Chevron, 467 U.S. at
843 n. 9, 104 S.Ct. 2778. “These tools include exami-
nation of the text of the statute, its structure, and its
stated purpose.” Miami-Dade County v. U.S. Envtl.
Prot. Agency, 529 F.3d 1049, 1063 (11th Cir. 2008). If
the examination of Congress’s intent does not resolve
the matter, the Court then proceeds to the second
step, which involves examining the Corps’s construc-
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tion of the statute. That construction is “deemed
reasonable if it is not arbitrary, capricious, or clearly
contrary to law.” Ala. Power Co. v. Fed. Energy
Regulatory Comm’n, 22 F.3d 270, 272 (11th Cir.
1994) (citing Chevron, 467 U.S. at 844, 104 S.Ct.
2778). “Unexplained inconsistency is * * * a reason
for holding an interpretation to be an arbitrary and
capricious change from agency practice under the
[APA].” Nat’l Cable & Telecomms. Ass’n v. Brand X
Internet Servs., 545 U.S. 967, 981, 125 S.Ct. 2688,
162 L.Ed.2d 820 (2005)

B. Standing

As they have in nearly every motion brought before
this Court and other courts involved in litigating the
issues in this case, the Georgia parties contest Ala-
bama and Florida’s standing to bring this litiga-
tion.20 See, e.g., Alabama, 424 F.3d at 1130 (holding
that Alabama and Florida have standing because
“Corps management of Lake Lanier that violates
federal law may adversely impact the environment
and economy downstream in the ACF Basin, thereby
injuring Alabama and Florida”); SeFPC, 514 F.3d at
1322 (holding that Alabama and Florida have stand-
ing to assert “major operational change” because
they assert “that the proposed reallocation of water
storage will result in ‘diminish[ed][ ] flow of water
reaching the downstream states’ ” (quoting Appel-
lant’s Br. at 2)).

Standing is both a doctrine reflecting “prudential
considerations that are part of judicial self-
government” and “an essential and unchanging part
of the case-or-controversy requirement of Article III.”

20 The Corps has not challenged Alabama and Florida’s stand-
ing.
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Lujan v. Defenders of Wildlife, 504 U.S. 555, 560, 112
S.Ct. 2130, 119 L.Ed.2d 351 (1992). The

irreducible constitutional minimum of standing
contains three elements. First, the plaintiff must
have suffered an injury in fact-an invasion of a
legally protected interest which is (a) concrete and
particularized * * * and (b) actual or imminent, not
conjectural or hypothetical. Second, there must be
a causal connection between the injury and the
conduct complained of * * *. Third, it must be like-
ly, as opposed to merely speculative, that the injury
will be redressed by a favorable decision.

Id. at 560-61, 112 S.Ct. 2130 (citations and internal
quotation marks omitted). “The party invoking
federal jurisdiction bears the burden of establishing
these elements.” Id. at 561, 112 S.Ct. 2130. Moreo-
ver, at the summary judgment stage, it is a plaintiff’s
burden to prove that genuine issues of material fact
exist as to whether or not plaintiff can prove stand-
ing. See Mize v. Jefferson City Bd. of Educ., 93 F.3d
739, 742 (11th Cir. 1996) (concluding that summary
judgment is appropriate when “ ‘there is no genuine
issue as to any material fact’ ”) (quoting Fed.R.Civ.P.
56(c)); see also Lujan, 504 U.S. at 561, 112 S.Ct. 2130
(noting that each element of standing must be proved
“in the same way as any other matter on which the
plaintiff bears the burden of proof, i.e., with the
manner and degree of evidence required at the
successive stages of the litigation”).

The Georgia parties contend that Alabama and
Florida cannot establish any injury in fact, as Lujan
requires. They argue that there is no evidence that
the Corps’s support of water supply and recreation in
Lake Lanier has resulted in any “discernable reduc-
tion in flows downstream in Alabama or Florida.”
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(Ga.’s Mem. in Opp’n to Ala. & Fla.’s Mot. for Partial
Summ. J. at 68.) In support of this statement, they
cite to an affidavit, a declaration, and a publication
that is not part of the administrative record. (Id.
(citing Ga.’s Mot. for Summ. J. Factual App. at ¶¶
2.7-2.9).)

On a motion for summary judgment, such evidence
might be sufficient to find no genuine issue of fact as
to injury if the opposing party had no evidence to
support its claimed standing. Such is not the case
here. Alabama and Florida have cited declarations
stating the opposite of the declarations and affidavits
the Georgia parties cite. (Ala. & Fla.’s Reply Mem. in
Supp. of Mot. for Partial Summ. J. at 35 (citing Ala.
& Fla.’s Factual App. in Supp. of Mot. for Partial
Summ. J. ¶¶ 1132-1226).) It is not the province of the
Court, on a motion for summary judgment, to weigh
the evidence and determine which evidence to credit.
Mize, 93 F.3d at 742.

Alabama and Florida have come forward with evi-
dence sufficient to support their contention that they
have suffered harm because of the Corps’s operations
in the ACF basin. For example, the Biological Opin-
ion for the Jim Woodruff Dam (“BiOp”) notes that the
lower flows in the Apalachicola in the spring and
summer are likely due to “a combination of climatic
differences * * *, higher consumptive uses, as well as
reservoir operations.” U.S. Fish & Wildlife Serv.,
Biological Opinion on the U.S. Army Corps of Engi-
neers, Mobile District, Revised Interim Operating
Plan for Jim Woodruff Dam and the Associated
Releases to the Apalachicola River 56 (2008). The
BiOp states that low flows “are likely among the
most stressful natural events faced by riverine
biota.” Id. at 57. In other words, according to gov-
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ernment documents, low flows in the Apalachicola
River are at least to some extent caused by the
Corps’s operations in the ACF basin and consump-
tive uses of the water in the basin, and those low
flows cause harm to the creatures that call the
Apalachicola home. According to the evidence to
which Alabama and Florida cite, low flows harm not
only wildlife, but also harm navigation, recreation,
water supply, water quality, and industrial and
power uses downstream. Even if annually the aver-
age flows are reduced by only a small amount, as the
Georgia parties argue, the actual variation in flows
can wreak havoc on the downstream uses of the
water.

Alabama and Florida have standing to bring their
claims. Georgia’s Motion on this point is denied.

C. Effect of D.C. Circuit’s decision in SeFPC

Alabama, Florida, and the SeFPC urge this Court
to find that the Corps and the Georgia parties are
bound under the doctrine of collateral estoppel by the
decision of the D.C. Circuit Court of Appeals in
SeFPC. In that case, the Court of Appeals held that a
reallocation of the magnitude contemplated by the
invalidated Settlement Agreement constitutes a
major operational change on its face. SeFPC, 514
F.3d at 1318. Not surprisingly, the Georgia parties
and the Corps contend that the D.C. Circuit’s holding
in SeFPC does not address many of the issues pre-
sented by this case, determining conclusively only
that the Settlement Agreement was invalid under
the WSA. The Georgia parties in particular contend
that the D.C. Circuit limited its holding to a deter-
mination of the reallocation’s legality under the WSA
and did not discuss what the Georgia parties believe
is the authority provided by other federal statutes in
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combination with the WSA for the reallocation
Georgia requests.

The law governing issue preclusion is well settled:

The doctrine of collateral estoppel [issue preclu-
sion] bars relitigation of an issue if three require-
ments are met:

(1) that the issue at stake [is] identical to the one
involved in the prior litigation;

(2) that the issue [was] actually litigated in the
prior litigation; and

(3) that the determination of the issue in the prior
litigation [was] a critical and necessary part of the
judgment in that earlier action.

In re Held, 734 F.2d 628, 629 (11th Cir. 1984). The
Court has previously determined that Florida and
Alabama could not relitigate here their claims that
the Settlement Agreement in Southeastern Federal
Power Customers was invalid. (Mem. & Order 8,
October 22, 2007.) Thus, the SeFPC court’s holding
that the Settlement Agreement is invalid is binding
on all parties to this litigation.

However, Alabama and Florida do not limit their
contentions to the validity of the Settlement Agree-
ment. They argue that all of the following determina-
tions from SeFPC are binding in this litigation:

1. No storage for water supply has ever been allocat-
ed by Congress at Lake Lanier.

2. The correct “baseline” for measuring the Corps’s
proposed and “de facto” reallocations is zero.

3. To determine whether the proposed and “de facto”
reallocations constitute major operational change,
the Court must evaluate the percentage of conserva-
tion storage reallocated.
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4. To calculate the percentage of storage reallocated,
the Court must compare the amount of reallocated
storage to the total conservation storage.

5. The WSA applies to both interim and permanent
reallocations of storage.

6. As of 2002, approximately thirteen percent of Lake
Lanier’s conservation storage was allocated to water
supply.

7. The Corps has never reallocated 95,000 acre-feet
or more in a federal reservoir without seeking Con-
gressional approval.

8. A reallocation of twenty-two percent of Lake
Lanier’s conservation storage is a major operational
change on its face.

The D.C. Circuit stated all of these things in its
opinion in SeFPC. However, it is not the case that all
of these statements were “critical” and “necessary”
parts of the judgment in SeFPC. Indeed, only two
conclusions were necessary to the holding in SeFPC
that the Settlement Agreement was invalid. First,
the D.C. Circuit concluded that the WSA applied to
interim reallocations of storage. SeFPC, 514 F.3d at
1324-25 (“[I]t is unreasonable to believe that Con-
gress intended to deny the Corps authority to make
major operational changes without its assent, yet
meant for the Corps to be able to use a loophole to
allow these changes as long as they are limited to
specific time frames, which could theoretically span
an infinite period.”). Without this conclusion, the
court could not have determined that the Settlement
Agreement violated the WSA, because the Settle-
ment Agreement involved temporary reallocations of
storage for water supply.

The second conclusion that was critical and neces-
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sary to the SeFPC holding is that a reallocation of
twenty-two percent of Lake Lanier’s total conserva-
tion storage is a major operational change on its face.
Id. at 1324. This conclusion is the underpinning of
the judgment in SeFPC that the Settlement Agree-
ment is invalid under the WSA.

The remaining determinations are not, however,
binding on the parties or on this Court. This is not to
say that the D.C. Circuit’s comments about the
appropriate “baseline” for evaluating storage reallo-
cations and its calculations regarding storage reallo-
cations are not persuasive authority, for those com-
ments certainly are persuasive. This Court will not,
however, blindly accept the SeFPC court’s conclu-
sions; instead, the Court will make its own determi-
nation of the evidence and how that evidence affects
the legal decisions to be made here.

D. The Water Supply Act of 1958

In 1989, the Corps decided that the WSA did not
require it to seek Congressional authorization for the
reallocation of significant amounts of Lake Lanier’s
storage to water supply. Under the APA and Chev-
ron, this Court must determine whether that deci-
sion was arbitrary and capricious. To make that
determination, the Court must first examine the
statute itself to determine whether Congress has
spoken to the precise question at issue before the
Court: whether the reallocations undertaken prior to
and those proposed by the PAC Report or Georgia’s
2000 water supply request constituted a major
operational change or seriously affected the purposes
for which the Buford Dam was authorized.

The WSA provides in relevant part:

(a) Declaration of policy
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It is * * * declared to be the policy of the Congress
to recognize the primary responsibilities of the
States and local interests in developing water sup-
plies for domestic, municipal, industrial, and other
purposes and that the Federal Government should
participate and cooperate with States and local
interests in developing such water supplies in con-
nection with the construction, maintenance, and
operation of Federal navigation, flood control, irri-
gation, or multiple purpose projects.

WSA § 301(a), 72 Stat. at 319 (codified at 43 U.S.C. §
390b(a)).

In carrying out the policy set forth in this section,
it is * * * provided that storage may be included in
any reservoir project surveyed, planned, construct-
ed or to be planned, surveyed, and/or constructed
by the Corps of Engineers or the Bureau of Recla-
mation to impound water for present or anticipated
future demand or need for municipal or industrial
water, * * *. Provided, That the cost of any con-
struction or modification authorized under the
provisions of this section shall be determined on
the basis that all authorized purposes served by
the project shall share equitably in the benefits of
multiple purpose construction * * *.

Id. § 301(b), 72 Stat. at 319 (codified at 43 U.S.C. §
390b(b) (emphasis in original)).

Modifications of a reservoir project heretofore au-
thorized, surveyed, planned, or constructed to in-
clude storage [for water supply] which would seri-
ously affect the purposes for which the project was
authorized, surveyed, planned, or constructed, or
which would involve major structural or operation-
al changes shall be made only upon the approval of
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Congress * * *.

Id. § 301(d), 72 Stat. at 320 (codified at 43 U.S.C. §
390b(d)).

Thus, the WSA provides that the Corps may set
aside storage for water supply in a previously con-
structed reservoir as long as (1) the beneficiaries of
that storage pay a proportionate share of the costs of
the project, and (2) the modification does not serious-
ly affect the project’s purposes or constitute a major
structural or operational change. There can be no
debate that the water-supply users have not paid a
proportionate share of the project’s costs, although
the record is less clear whether they would be willing
to do so were the Court to find that Congressional
approval for the requested storage reallocations was
not required. The Court will assume for the purposes
of the instant Motions that the beneficiaries of the
proposed and “de facto” reallocations would pay a
proportionate share of the cost of the Buford project.

1. Authorized Project Purposes

The WSA inquiry is academic if water supply was
an authorized project purpose of the Buford project,
either from the initiation of the project or made so by
Congress at some point after the project began. The
Georgia parties contend that water supply was
always a purpose of the Buford project, as evidenced
by the sign at an observation point above Lake
Lanier, reproduced on the first page of nearly every
one of the Georgia parties’ briefs. This sign states
that the “PRIMARY PURPOSES” of Buford Dam are
“FLOOD CONTROL-POWER-WATER SUPPLY-
INCREASED FLOW FOR NAVIGATION.” (Ga.’s
Mem. in Supp. of Summ. J. at 1 (SUPPAR005533).)
This sign, however, is not authoritative legislative
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history, and it is legislative history that the Court
must examine to determine whether water supply, in
the form of large withdrawals from Lake Lanier
itself, was an authorized project purpose.

The legislative history of the Buford project is set
forth in detail above and will not be repeated here. It
is worth noting that, both before and during con-
struction of Buford Dam, the Corps consistently
described the primary purposes of the project as flood
control, navigation, and hydropower. See, e.g., F.G.
Turner, Ass’t Chief, Eng’g Div., Report on Withdraw-
al of Domestic Water Supply from Buford Reservoir ¶
2, at 1 (1955) (SUPPAR005459) (Corps told Gwinnett
County that “the primary authorized purposes of the
Buford project were flood control, power and low-flow
regulation for navigation and other purposes”); 1958
Manual ¶ 85, at 27 (ACF001677) (describing Buford
Dam as “a multiple-purpose project with major uses
of flood control, flow regulation for navigation, and
power”); U.S. Army Corps of Eng’rs, Cost Allocation
Studies, Apalachicola, Chattahoochee and Flint
Rivers Projects, Basis of All Allocations of Costs for
Buford and Jim Woodruff Projects Adopted by the
Chief of Engineers, app. A, at A-9 (1959)
(ACF002116) (allocating costs to the “primary pur-
poses of the Buford project”: navigation, flood control,
and power). Others also recognized that the purposes
of the project did not include water supply. See, e.g.,
Civil Functions, Dep’t of the Army Appropriation Bill
for 1949: Hearing on H.R. 5524 Before the Subcomm.
of the H. Comm. on Appropriations, 80th Cong. 723
(1948) (statement of Rep. Stephen Pace, Georgia)
(SUPPAR026606) (describing the ACF projects as
having three purposes: navigation, power, and flood
control); Civil Functions, Dep’t of the Army, Appro-
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priations, 1953: Hearings on H.R. 7268 Before the
Subcomm. of the H. Comm. on Appropriations, 82d
Cong. 1196-97 (1952) (statement of Rep. Davis,
Georgia) (SUPPAR026679-80) (describing the project
as providing flood control, power, and navigation
benefits); Public Works Appropriations for 1957:
Hearings Before the Subcomm. of the H. Comm. on
Appropriations, 84th Cong. 355-57 (1956) (statement
of Rep. James Davis, Georgia) (SUPPAR026720-22)
(discussing flood control, navigation, and power
benefits); Proposed Water Resources Development
Projects of the U.S. Army Corps of Eng’rs: Hearings
Before the Subcomm. on Water Resources of the H.
Comm. on Public Works and Transp., 97th Cong.
3251 (1982) (Letter from W.T. Bush, Co-Chairman,
Metro Atlanta Water Managers Assoc., Gwinnett
County Water & Sewerage Auth., to Sen. Sam Nunn,
Ga., at 1 (Aug. 21, 1980) (water supply “not specifi-
cally authorized as a purpose” of the Buford project))
(SUPPAR001491).

In the decades after Buford Dam was completed,
the Corps continued to describe the project’s purpos-
es as hydropower, flood control, and navigation. See,
e.g., Final EIS Statement of Findings (1974)
(ACF004338) (Buford Dam’s “[a]uthorized project
purposes provide peaking hydroelectric power, flood
control, and low flow augmentation”); Drought Con-
tingency Report, Apalachicola, Chattahoochee, and
Flint Rivers (A-C-F), Florida and Georgia ¶ 4, at 1-2,
in U.S. Army Corps of Eng’rs, Drought Contingency
Plan, Apalachicola, Chattahoochee, and Flint Rivers
(1982) (ACF008241-42) (stating that costs at Buford
project “have been allocated between the three
legislatively authorized purposes” of flood control,
navigation, and hydropower).



165a

There is also no doubt that both Congress and the
Corps anticipated some benefits to water supply from
the project. See, e.g., Park Report ¶ 243, at 77
(ACF000160) (describing water supply as “direct
benefit” but ascribing no monetary value to water
supply benefit); Newman Report ¶ 68, at 27
(ACF000661) (noting that water supply was “inci-
dental benefit[ ]” of Buford project); Definite Project
Report ¶ 115, at 41 (ACF001486) (describing project’s
“principle purposes” as: “to provide flood control; to
generate hydroelectric power; to increase the flow for
open-river navigation in the Apalachicola River
below Jim Woodruff dam; and to assure a sufficient
and increased water supply for Atlanta”). As dis-
cussed previously, however, the water supply benefit
was not from storage for water supply provided by
Lake Lanier. Rather, the water supply benefit de-
rived from the regulation of the Chattahoochee
River’s flow provided by the dam and the releases for
hydropower. Civil Functions, Dep’t of the Army,
Appropriations for 1952: Hearings Before the Sub-
comm. of the H. Comm. on Appropriations, 82d Cong.
120, 121-22 (1951) (statement of Col. Potter, Corps
officer) (SUPPAR026656, SUPPAR026657-58) (“[The
Buford project does not] furnish [ ] water directly or
furnish[ ] storage for that purpose * * *. [Water
supply is] an adjunct to the power supply and flood
control. Had we put in some storage purely for water
supply, which they would tell us to release at certain
intervals, we would then charge them for it.”); Civil
Functions, Dep’t of the Army Appropriations for 1954:
Hearings on H.R. 5376 Before the Subcomm. of the H.
Comm. on Appropriations, 83d Cong. 503 (1953)
(statement of Gen. Chorpening, Corps officer)
(SUPPAR026688) (“[The project] will not make
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available any more water than is now going past
Atlanta. It is only going to make it flow by at a more
uniform rate.”); Civil Functions, Dep’t of the Army
Appropriations, 1955: Hearings on H.R. 8367 Before
the Subcomm. of the S. Comm. on Appropriations,
83d Cong. 325 (1954) (statement of Col. Whipple,
Corps officer) (SUPPAR026699) (stating that water
supply “is purely an incidental benefit on account of
the power releases which does not require any stor-
age to be devoted to that purpose”).

Indeed, from 1955, when the Corps told Gwinnett
County that Congressional authorization would be
required to accommodate the county’s water-supply
request, until at least 1988, when the PAC Report
sought Congressional approval for the reallocation of
storage in Lake Lanier to water supply, the Corps
recognized that allowing water-supply withdrawals
from the lake was not an authorized purpose of the
project and would require Congress’s approval. Even
in 2002, long after this litigation began, Earl Stock-
dale, the Corps’s Deputy General Counsel, concluded
that Georgia’s 2000 water-supply request “would
result in serious impacts on other project purposes”
so that the Corps could not grant that request “ab-
sent legislative authority.” Memorandum from Earl
Stockale, Deputy General Counsel, Civil Works &
Env’t, to Acting Ass’t Sec’y of the Army for Civil
Works 2 (Apr. 15, 2002) [hereinafter “2002 Stockdale
Memorandum”] (ACF036355). The 2002 Stockdale
Memorandum determined that, even if water supply
was a specifically authorized project purpose, the
Corps would still lack the authority to grant Geor-
gia’s request without Congressional approval be-
cause the Corps did not “have the authority to reor-
der specifically authorized project purposes without
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additional Congressional authorization.” Id. at 13
(ACF036367); see also Memorandum from E. Man-
ning Seltzer, General Counsel, U.S. Army Corps of
Eng’rs, to Special Assistant to Sec’y of the Army for
Civil Functions ¶ 4, at 2 (Jan. 21, 1969)
(SUPPAR001361) (“[T]he discretionary authority
given the Chief of Engineers to make post-
authorization changes in projects extends only to
what might be termed engineering changes * * *
[such as] minor variations in the allocation of storage
for the various project purposes * * *.”).

At some point between the 2002 Stockdale Memo-
randum and the present Motion, the Corps changed
its mind on this important issue. Attached to the
Corps’s brief in this matter is a new memorandum
from Mr. Stockdale which concludes that the Corps
does have the authority to reallocate storage in Lake
Lanier to water supply and that Congressional
authorization is not required. Memorandum from
Earl Stockdale, Chief Counsel, to the Chief of Engi-
neers (Jan. 9, 2009) [hereinafter “2009 Stockdale
Memorandum”]. The 2009 Stockdale Memorandum is
not part of the administrative record in the case, but
the Corps urges the Court to accept the memoran-
dum as part of that record, because it allegedly is an
“extra-record document that helps explain complex
facts provided in the administrative record and helps
explain the Corps’ past and present legal interpreta-
tion of its governing statutes and regulations.”
(Corps’s Mem. Supp. Mot. for Summ. J. at 3 n.4.) As
stated at the hearing on these Motions, however, the
Court will not make the 2009 Stockdale Memoran-
dum part of the administrative record in this case. It
does not shed any light on the Corps’s decisionmak-
ing with respect to the actions challenged here. Nor
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does the memorandum explain any complex facts
that the Court is unable to understand without such
assistance. Moreover, the memorandum is clearly a
document prepared for litigation purposes only; large
sections of the memorandum appear verbatim in the
Corps’s brief with no attribution. The 2009 Stockdale
Memorandum does little more than justify the
Corps’s current legal position. The merits of that
position are for the Court, not the Corps, to decide.

Having thoroughly reviewed the legislative history
and the record, the Court comes to the inescapable
conclusion that water supply, at least in the form of
withdrawals from Lake Lanier, is not an authorized
purpose of the Buford project. Therefore, if the
Corps’s actions to support water supply constitute
“major structural or operational changes” or “serious-
ly affect” the project’s authorized purposes, the Corps
was required to seek Congressional approval for
those actions and its failure to do so renders the
actions illegal. WSA § 301(d), 72 Stat. at 320 (codi-
fied at 43 U.S.C. § 390b(d)).

2. Major Operational Change

The Corps’s actions to support water supply in
Lake Lanier have taken the form of reallocations of
the lake’s storage capacity to water supply. In other
words, by committing to allow municipal entities to
withdraw a certain amount of water from Lake
Lanier, the Corps has either explicitly or effectively
allocated some of Lake Lanier’s storage to those
withdrawals. Because water supply is not an author-
ized purpose of Lake Lanier, if any of these realloca-
tions constitute a major structural or operational
change or seriously affect the purposes for which the
project was authorized, the Corps must seek Con-
gressional approval for the reallocations.
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Alabama, Florida, and the SeFPC challenge several
of the Corps’s water-supply reallocations. The first
are what Alabama and Florida call “de facto” reallo-
cations. Prior to the initiation of this lawsuit in 1990,
the Corps had entered into water-supply contracts
with several Georgia entities: ARC, Gwinnett Coun-
ty, Gainesville, Buford, and Cumming. While all of
these contracts expired in 1989 or 1990, there is no
dispute that the Corps continues to allow these
entities to withdraw water pursuant to the contracts
today. In fact, the amount of water these entities
presently withdraw far exceeds the amount they
were entitled to under the so-called “holdover” con-
tracts. With the exception of the withdrawal
amounts approved by Congress in the 1950s, Ala-
bama and Florida contend that all of the “holdover”
contracts require an illegal reallocation of storage to
water supply. The Corps maintains that these con-
tracts were interim only and that no permanent
reallocations were intended or accomplished under
the pre-1990 contracts. However, the Corps is bound
by the D.C. Circuit’s determination in SeFPC that
interim contracts are subject to the strictures of the
WSA. Thus, the “de facto” reallocations accomplished
by the “holdover” contracts must be evaluated under
the WSA.

The PAC Report endeavored to make permanent
these “de facto” reallocations and some additional
reallocations of storage. The PAC Report’s realloca-
tions are the second type of reallocations at issue.

The final reallocations that must be evaluated un-
der the WSA are the reallocations requested by
Georgia in the 2000 water-supply request. These
reallocations are the largest of the three realloca-
tions at issue. Thus, if the Court determines that
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either the “de facto” reallocations or the PAC Re-
port’s reallocations violate the WSA, then the water-
supply request’s reallocations likewise violate the
WSA.

a. “De facto” reallocations

Starting in the early 1970s, the Corps began allow-
ing municipalities surrounding Lake Lanier to
withdraw water directly from the lake. Two of these
municipalities, Buford and Gainesville, had a preex-
isting right to withdraw some water from the lake
because their previous water intake structures on
the Chattahoochee River were inundated by Lake
Lanier. The Corps recognized that it could not uni-
laterally determine that the remaining municipali-
ties were allowed to withdraw large amounts of
water from the lake, and thus characterized the
various contracts as “interim.” For example, the
Corps told Gwinnett County in 1973 that it could
withdraw water from the reservoir, pending the
completion of the MAAWRMS and the changes in the
project that the Corps expected to result from that
study.

By 1990, contracts were in place for reallocations
that would allow 85 million gallons per day to be
withdrawn from Lake Lanier and 50 million gallons
per day to be withdrawn from the Chattahoochee
River.21 In 2006, the average daily withdrawals from
the lake totaled 141 million gallons per day. Report,
Water Withdrawals-Lake Sidney Lanier (Buford

21 ARC’s contract with the Corps provided for 50 million gallons
per day in addition to what the Corps considered the “incidental
benefit” from releases for power of 327 million gallons per day.
As discussed infra, the Corps’s conclusion that 327 million
gallons per day is available incidentally to power operations is
not supported by the record.
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Reservoir), Georgia-Chattahoochee River-ACF Basin
1-8 (no date) (ACF044236-43). The ARC’s average
daily withdrawal was 316 million gallons per day.22

Id. at 9.

Under normal operations, the contracted-for with-
drawal amounts equal approximately 86,200 acre-
feet of storage for the lake withdrawals, and approx-
imately 50,700 acre-feet for the excess river with-
drawals. (See supra n. 14.) In 2006, the actual with-
drawals required 143,000 acre-feet of storage for the
withdrawals from the lake. Although the ARC did
not require the additional 50 million gallons per day
in its contract with the Corps, by virtue of the
Corps’s commitment to provide that amount (should
ARC need it), the additional 50 million gallons per
day, or 50,700 acre-feet, were nevertheless held in
water-supply storage and were unavailable for other
uses. Thus, the average daily total amount of storage
in Lake Lanier dedicated to water supply was
193,700 acre-feet under normal conditions, or 18.5%
of Lake Lanier’s conservation storage of 1,049,400
acre-feet. If the Corps’s “critical yield” calculations
are used, however, the amount of storage dedicated

22 The Georgia parties argue that the Court must take into
account return flows, which are water the municipal entities
return to the lake and the river in the form of highly treated
wastewater. According to the Georgia parties, “[o]mitting
return flows is a major omission, and error, because storage
utilization is a function of net, and not gross, withdrawals of
water.” (Ga.’s Mem. in Opp’n to SeFPC’s Mot. at 41.) However,
none of the municipal entities is required to return any water to
Lake Lanier or the Chattahoochee River, but the Corps is
required by the various water-supply contracts to allow the
entities to withdraw a certain amount of water from the lake
and river. The Court must evaluate the Corps’s obligations,
independent of any voluntary return flows, because regardless
of the return flows the Corps’s obligations remain the same.
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to water supply rises to an average of slightly more
than 208,800 acre-feet. The Corps generally calcu-
lates storage requirements using critical yield, as
opposed to normal operations. PAC Report, app. C, at
C-1 (ACF041299) (stating that to determine storage-
yield relationship, the Corps selects a severe drought
period “during which the project will be expected to
provide a ‘firm’ yield”); see also Steven R. Cone, Team
Leader, Planning & Pol’y Div., U.S. Army Corps of
Eng’rs, Summary of “Technical Data” on Impacts of
GA Request for WS at Lake Lanier ¶ 1 (2002), in
2002 Stockdale Memorandum, enclosure
(SUPPAR005092) (using “critical period” yield for
storage calculations).

According to the Corps’s storage calculation meth-
od, the reallocation accomplished by virtue of the
“holdover” contracts is 208,100 acre-feet, or 19.8% of
Lake Lanier’s conservation storage. This calculation
assumes that 327 million gallons per day in the
ARC’s river withdrawals are indeed “incidental” to
the power operations at the dam, a point that the
parties vigorously dispute. It also assumes that the
“baseline” for operations in Lake Lanier is zero
storage for water supply. The D.C. Circuit concluded
that zero storage was the correct baseline but, as
discussed above, neither the Court nor the parties
are bound by that conclusion.

The base of operations at Buford Dam was to pro-
vide 600 cfs of flow past Atlanta and to allow Buford
and Gainesville to withdraw a total of 10 million
gallons per day from Lake Lanier. 1958 Manual app.
B, at B-13 (ACF001796) (providing for flows of 600
cfs to Atlanta). In 1975, the Corps, Atlanta, and
Georgia Power Company agreed that “existing prac-
tices” allowed an average annual downstream with-
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drawal of 230 million gallons per day. (Corps’s Mem.
Supp. Mot. Summ. J. at 31) (citing Letter from
Edwin C. Keiser, Col., U.S. Army Corps of Eng’rs, to
Leonard Ledbetter, Dir., Ga. Dep’t of Natural Res.
(July 21, 1975) (SUPPAR036976-77).) In 1979, the
same parties determined that “an annual average of
266 million gallons per day * * * could be withdrawn
from flows that occur incidentally as a result of
project operations.” (Id. at 47 n. 34 (referencing the
1979 Modified Interim Plan, described in
MAAWRMS at 8 (ACF015500), but not included in
the administrative record).)23 Withdrawals of 266
million gallons per day would, however, require
operational changes. (Id. at 32 (citing Letter from
Kenneth E. McIntyre, Brigadier Gen., U.S. Army
Corps of Eng’rs, to Leonard Ledbetter, Dir., Ga.
Envt’l Protection Div. (Apr. 27, 1979)
(SUPPAR036997-37002)).)

Thus, the Corps determined in 1975 that the “base-
line” for operations was 230 million gallons per day
downstream, plus the 10 million gallons per day
Gainesville and Buford were Congressionally author-
ized to withdraw from the lake. This “baseline”

23 In 1986, the Corps revised this number to the 327 million
gallons per day figure it uses today. There is no explanation in
the record as to how the incidental benefits of regular power
operations at the dam would increase from 230 million gallons
per day in 1975 to 327 million gallons per day in 1986. Even the
Corps appears to recognize that 327 million gallons per day is
at best an estimate, stating that it “expects that further
analysis * * * would validate the Corps’ 1986 determination
that up to 327 mgd could be provided on an annual average
basis from flows that occur incidentally as a result of project
operations.” Id. at 47 n. 34. The Court must rely on the data
that is supported by the record, however, not data that the
Corps expects, at some point in the future, to be borne out by
“further analysis.”
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amounted to slightly less than 224,700 acre-feet of
storage, using the 1734 cfs yield figure. The 1979
baseline of 266 million gallons per day for down-
stream withdrawals required storage of almost
258,400 acre-feet. In 2006, the Corps allowed an
average of 141 million gallons of water to be with-
drawn daily from the lake, and committed to 377
million gallons per day for the ARC’s use down-
stream. See Report, Water Withdrawals-Lake Sidney
Lanier (Buford Reservoir), Georgia-Chattahoochee
River-ACF Basin 1-9 (Corps document listing total
withdrawals from 1987 through September 2007)
(ACF044236-44). These commitments amount to
almost 485,000 acre-feet of storage using the 1734 cfs
yield (and 566,300 acre-feet using the more current
1485 cfs yield figure). This is 226,600 acre-feet more
than the “base” operations the Corps described in
1979 and 260,300 acre-feet more than the 1975 base
operations.24 Whichever baseline is used, the differ-
ence is more than 21.5% of Lake Lanier’s total con-
servation storage. Thus, without any Congressional
authorization, the Corps has reallocated nearly a
quarter of Lake Lanier’s conservation storage to
support water supply.

That this reallocation is a major operational change

24 Adding the 11,200 acre-feet Congress allocated to Gwinnett
County in 1956 increases the 1975 baseline to 235,900 acre-feet,
and the 1979 baseline to 269,600 acre-feet. As noted above,
however, Gwinnett County did not begin to withdraw water
from Lake Lanier until sometime in the 1970s, pursuant to
contracts that did not purport to be based on the 1956 legisla-
tion and which allowed far greater withdrawals than Congress
envisioned. The inclusion of Gwinnett County’s original author-
ization does not, however, significantly change any of the
Court’s calculations. Moreover, Gwinnett County’s Congres-
sionally authorized use of 11,200 acre-feet of storage expired in
2006.
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is self-evident. The D.C. Circuit held that a realloca-
tion of twenty-two percent of Lake Lanier’s conserva-
tion storage was a major operational change “on its
face” and, as discussed previously, the parties are
bound by this holding. The WSA requires the Corps
to seek Congress’s authorization before effecting any
major changes to project purposes. The Corps failed
to do so and thus the so-called “de facto” realloca-
tions violate the WSA.

b. PAC Report

The PAC Report recommended that Congress ap-
prove a reallocation of 207,000 acre-feet of storage in
Lake Lanier to support water supply. PAC Report at
12 (ACF041176). Under the Corps’s calculations, this
amounts to 19.7% of the total conservation storage in
Lake Lanier.

The PAC Report assumed that by 2010, water-
supply withdrawals from Lake Lanier would reach
151 million gallons per day. Id. app. C, at C-2
(ACF041300). The projected downstream needs were
378 million gallons per day. Id. Using a “firm yield”
figure of 1734 cfs from the 1939-1942 drought,25 151
million gallons per day of lake withdrawals requires
141,700 acre-feet of storage. Id.26

To calculate the storage required for downstream
withdrawals, the Corps assumed that 200 million
gallons per day were available for withdrawal down-

25 The Corps recognized that the 1986-1988 drought would
likely result in a lower “firm yield” than the 1939 drought, and
estimated that the new yield figure would be 1455 cfs. Id.
Actual yield from the 1986 drought has been set at 1485 cfs. See
supra n. 14.

26 The Court’s own calculation of the storage required for 151
million gallons per day yields a slightly different figure of
141,370 acre-feet.
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stream during the 66-hour off-peak (weekend) gener-
ation period, as a result of the smaller turbine’s
releases of 600 cfs during this period. The Corps
calculated that the storage necessary to accommo-
date the extra 178 million gallons per day, or 275 cfs,
necessary for downstream water supply during this
off-peak period was 65,225 acre-feet. Id. app. C., at
C-4 (ACF041302). To achieve this number, the Corps
did not perform the usual calculation.27 Rather, the
Corps assumed that 378 million gallons per day
could be accommodated by existing operations during
peak generation periods. According to the Corps, the
only withdrawal that would require a reallocation of
storage was the 178 million gallons per day in non-
incidental withdrawals that occurred during the off-
peak generation period of 66 hours, or 2.75 days.
Thus, the Corps multiplied the cfs required for 178
million gallons per day (calculated as 178 x 1.547) by
2.75 to give a “dsf” figure.28 The dsf were then divid-
ed by 7 days to give a daily cfs rate of 108 cfs. The
Corps then performed the usual calculation
(108/1734 x 1,049,400) to determine that 178 million
gallons per day of off-peak withdrawals would re-
quire storage of only 65,225 acre-feet.

The assumption that 378 million gallons per day is
available downstream as incidental to the peak
operation of the dam is, however, far greater than
any assumption the Corps has ever made regarding
“incidental” operation of the project. If 378 million
gallons per day is “incidentally” available for 4.25
days every week, with 200 million gallons per day

27 The usual storage calculation would have been 178 mgd x
1.547 cfs/1734 x 1,049,400. Under this formula, 178 million
gallons per day requires 166,600 acre-feet of storage.

28 The Corps nowhere defines this term.
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available for 2.75 days, the average daily “incidental”
benefit is more than 308 million gallons per day,
which is 68 million gallons per day more than the
1975 “baseline” average and 42 million gallons per
day more than the Corps’s 1979 assumptions. The
Corps does not explain this large discrepancy.

Using instead the “baseline” average of 230 million
gallons per day available incidentally to downstream
users, the PAC Report’s reallocations are much
greater. To accommodate the projected need of 378
million gallons per day minus the incidentally avail-
able 230 million gallons per day would require an
average of 148 million gallons per day, or 138,500
acre-feet of storage using the 1734 cfs yield figure.
Using the more recent critical yield figure of 1485
cfs, the PAC Report’s reallocations for downstream
use is almost 161,800 acre-feet. When added to the
acknowledged 141,000 acre-feet necessary to support
in-lake withdrawals, the total reallocation requested
by the PAC Report is 279,500 acre-feet, or 302,800
acre-feet using current yield figures. The percent of
storage reallocated under the PAC Report is 26.6% to
almost 28.8% of Lake Lanier’s total conservation
storage.

Whether the Court uses the Corps’s calculations of
a 19.7% reallocation or its own calculations, however,
is of no moment to the WSA analysis. As the Corps
itself acknowledged when sending the PAC Report to
Georgia’s Senator Nunn, the reallocations recom-
mended by the PAC Report would require Congres-
sional authorization under the WSA. Letter from
Louis J. Martinez, Lt. Col., U.S. Army Corps of
Eng’rs, to Sen. Sam Nunn, Ga., at 2 (Dec. 29, 1989)
(SUPPAR011719). Before the Corps can implement
any of the recommendations in the PAC Report, it
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must secure Congress’s approval to do so.

c. Georgia’s 2000 Water-Supply Request

In May 2000, Georgia Governor Roy E. Barnes sent
a formal request to the Corps to allow withdrawals
from Lake Lanier of up to 297 million gallons per day
by 2030, and to provide sufficient releases from the
dam to allow downstream withdrawals of 408 million
gallons per day by 2030. Letter from Roy E. Barns,
Governor, Ga., to Joseph W. Westphal, Asst. Sec’y of
the Army for Civil Works, at 1 (May 16, 2000)
(ACF042582). The Corps denied the request, stating
that the requested withdrawals would require a
reallocation of 370,930 acre-feet of storage, or more
than thirty-four percent of the total conservation
storage in Lake Lanier.29 2002 Stockdale Memoran-
dum at 9 (SUPPAR001050).

Given that the D.C. Circuit in SeFPC determined
that a reallocation of twenty-two percent of Lake
Lanier’s conservation storage was a major operation-
al change that required Congressional approval,
there can be no doubt that Georgia’s request to
reallocate thirty-four percent of Lake Lanier’s con-

29 The 2002 Stockdale Memorandum stated that the total
conservation storage in Lake Lanier is 1,087,600 acre-feet. 2002
Stockdale Memorandum at 8 (SUPPAR001049). The Corps uses
this figure throughout its briefing on the instant Motions. From
the time of Buford Dam’s construction, the Corps has calculated
the conservation storage as 1,049,400 acre-feet. It appears that
the 1,087,600 acre-feet figure is in fact a seasonal variation-
during the summer months the Corps increases the conserva-
tion pool from elevation 1070 to 1071. See Apalachicola Basin
Reservoir Regulation Manual app. B, at B4-1(ACF018475).
Because the larger storage amount is a short-term variation
from the usual conservation storage figure, the Court has used
the well-documented, historical storage amount in its calcula-
tions. However, the use of the larger storage amount would not
significantly change the calculations.
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servation storage likewise requires Congressional
authorization.

3. “Seriously Affect” Project Purposes

The Corps contends that any storage reallocation to
accommodate existing water-supply needs will have
an insignificant impact on the project’s authorized
purposes of hydropower generation and downstream
navigation. According to the Corps, the reallocations
will cause only a one percent reduction in hydropow-
er generation. (Corps’s Mem. Supp. Mot. Summ. J. at
60.) However, as discussed above, the Corps’s calcu-
lations of the storage required to meet current needs
are suspect: according to the Corps, existing needs
require only 122,714 acre-feet of storage for in-lake
withdrawals and no storage for downstream with-
drawals, because those withdrawals are within the
327 million gallons per day of alleged incidental
benefit from operation of the dam. The Corps uses
the wrong baseline, however, assuming not only that
327 million gallons per day are available down-
stream, but also assuming that the “baseline” for in-
lake withdrawals is considerably higher than the 10
million gallons per day allowed by the 1950s con-
tracts.

As noted above in footnote 23, the Corps deter-
mined in 1986 that 327 million gallons per day were
available incidental to hydropower generation at
Buford Dam. The Corps’s conclusion was not, howev-
er, that more water was somehow going through the
turbines to allow for the increased downstream
withdrawals. Rather, the Corps determined that
allowing downstream withdrawals of 327 million
gallons per day would not seriously affect the hydro-
power benefits. In other words, the Corps determined
in 1986 that 327 million gallons per day for down-



180a

stream withdrawals was “the point at which the
Lake Lanier project authority ends.” (Corps’s Mem.
Supp. Mot. Summ. J. at 33.) Because the Corps has
not sufficiently supported its conclusions with re-
spect to the 327 million gallons per day figure, the
Court has used an earlier Corps determination that
230 million gallons per day is available as truly
incidental to power generation at the dam.

Not only has the Corps failed sufficiently to support
the 327 million gallons per day figure, but its incre-
mental increases of the alleged water-supply benefit
incidental to hydropower illustrate a fundamental
problem with the Corps’s arguments regarding when
its authority under the WSA ends. To take the
Corps’s arguments to their logical conclusion, the
Corps may allow small changes in operations year
after year, without seeking any Congressional ap-
proval for those changes. Thus, if hydropower is
affected only one percent this year, another one
percent next year, and so on, the Corps would argue
that no Congressional authorization is required. But
if the cumulative effect on hydropower throughout
the years adds up to twenty percent, then the ques-
tion becomes at what point Congress must be con-
sulted. As the D.C. Circuit stated, “it is unreasonable
to believe that Congress intended to deny the Corps
authority to make major operation changes without
its assent, yet meant for the Corps to be able to use a
loophole to allow these changes” to occur incremen-
tally, rather than all at once. SeFPC, 514 F.3d at
1324-25. The Court must evaluate the cumulative
effect of all of the changes in operations at Lake
Lanier. In doing so, the Court has determined that
327 million gallons per day are not available as
incidental to the operations of Buford Dam as Con-
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gress, the Corps, and the hydropower interests
envisioned. Rather, as the Corps determined in 1975,
230 million gallons per day are available as a result
of the normal operation of the Buford Dam.

In the original Cost Allocation Studies for the
Buford project, the Corps computed the available
power benefits from Buford Dam as 170,000,000
kilowatt hours (“kwh”), or 170,000 megawatt hours
(“mwh”). U.S. Army Corps of Eng’rs, Cost Allocation
Studies, Apalachicola, Chattahoochee and Flint
Rivers Projects, Basis of All Allocations of Costs for
Buford and Jim Woodruff Projects Adopted by the
Chief of Engineers 19 (1959) (ACF002101). According
to the SeFPC, one way the harm to hydropower can
be calculated is by comparing the actual annual
generation to the benefits the Corps believed would
be available from the project. Only four times since
1994 has the Buford Dam generated 170,000 mwh or
more; and in five different years, power generation
has fallen below 100,000 mwh. According to the
SeFPC, the total value of the loss of hydropower
benefits at Buford Dam is more than 60,000 mwh,
which is worth $59 million. Now the Corps and the
Georgia parties take issue with the SeFPC’s calcula-
tion of its damages. However, in the 2002 Stockdale
Memorandum the Corps stated that the expected
loss of hydropower benefits from the reallocations
Georgia requested were more than 95 mwh per day,
or a $3 million annual reduction in benefits. 2002
Stockdale Memorandum at 9 (SUPPAR001050).

Another way to look at the harm to hydropower is
in the change from peak operations to non-peak
operations. From the beginning of the Buford project,
the purpose of weekend release was to support water
supply. Thus, the generation figures demonstrate
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that releases were much lower on weekends for the
first decades of the project’s operation. See, e.g.,
Report, 24 Hour-Actual Generation at Buford, 1960
Water Year 3 (SUPPAR026251) (showing weekend
generation figures that are hundreds of mwh lower
than weekday figures). In 1989, only nine percent of
the energy generated by the Buford project was
generated on Saturdays and Sundays. By 2007,
however, weekend energy generation constituted
nineteen percent of the total power generated by the
dam. (Ala. & Fla.’s Factual App. ¶ 750 (citing Report,
24 Hour-Actual Generation at Buford 1-51
(SUPPAR026249-99)).) Because non-peak power is
much less valuable than peak power, the harm to
hydropower from this change in operations is obvi-
ous.30

The SeFPC argues that, if the Court orders the
Corps to put in place the “crediting mechanism”
described by the Southeastern Federal Power Cus-
tomers Settlement Agreement, the serious effect on
hydropower will be remedied. (E.g., SeFPC’s Resp.
Mem. to Mot. for Summ. J. and Opp’n filed by Corps
at 1.) It is far from clear that Congress intended that
the Corps could sidestep the Congressional-
authorization requirement of the WSA by merely
paying off the interests seriously affected. Such a
remedy is, in the Court’s opinion, for Congress to
consider when it evaluates the proposed changes in
the project’s operation.

30 That hydropower has been harmed is relevant in determining
whether the Corps’s operation of the project to support water
supply has seriously affected the Congressionally authorized
purposes. However, this does not mean that the SeFPC has any
monetary claim for lost hydropower benefits. As the Court has
made clear in previous rulings, the Court will not consider
arguments regarding remedies at this time.
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The Corps’s decision to support water supply has
seriously affected the purposes for which the Buford
project was originally authorized. The Corps is
therefore in violation of the WSA.

E. Combined Authorities

The Georgia parties claim that the WSA, 1944
FCA, 1946 RHA, the 1956 statute that allowed the
Corps to contract with Gwinnett County for water-
supply withdrawals, and the Corps’s contracts with
Gainesville and Buford (the “relocation contracts”),
taken together, establish that water supply is an
authorized purpose of the Buford project. The Court
has addressed the legislative history of the Buford
project, including the 1946 RHA, the relocation
contracts, and the Gwinnett County water-supply
request and resulting Congressional enactment. See
supra pp. 1310-22. Contrary to the Georgia parties’
argument, taken together the relevant statutes and
legislative history point to only one conclusion: water
supply, in the form of withdrawals from Lake Lanier
and large-scale withdrawals from the Chattahoochee
River, was not an authorized purpose of the Buford
project. The Georgia parties’ argument that a combi-
nation of authorities allows the water-supply with-
drawals is without merit.

F. Remaining Claims

The parties claim that the Corps’s operations of the
Buford project violate NEPA, the 1944 FCA, the
CZMA, and other statutes, and that the various
manuals, plans, and other methods through which
the Corps operates the Buford project also violate
federal law. Because the Court has determined that
the Corps must seek Congressional authorization
before it can reallocate storage in Lake Lanier to
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water supply, the parties’ remaining Phase 1 claims
regarding the Corps’s operations and the plans for
those operations are moot. See Envtl. Def. Fund, Inc.
v. Alexander, 467 F.Supp. 885, 888 (N.D.Miss.1979)
(noting that, if a project is not legally authorized, “all
other issues are mooted until such time as proper
authorization may be obtained from Congress”).

G. Operations Going Forward

The Court recognizes that it will take time to se-
cure the required Congressional authorization for the
changes to the operation of the Buford project. In
addition, the municipal entities that withdraw water
from Lake Lanier and the Chattahoochee River
cannot suddenly end their reliance on that water
merely because a federal court has determined that
the Corps failed to comply with its statutory obliga-
tions. Thus, the Court will stay Phase 1 of this
litigation for three years, to allow the parties to
obtain Congress’s approval for the operational
changes the water-supply providers request. During
the stay, the parties may continue to operate at
current water-supply withdrawal levels but should
not increase those withdrawals absent the agree-
ment of all other parties to this matter. The Court
does not believe that a stay of Phase 2 is warranted
at this time, and therefore will consider the Phase 2
claims in accordance with the most recent scheduling
order.

At the end of three years, absent Congressional
authorization or some other resolution of this dis-
pute, the terms of this Order will take effect. For
Atlanta and the communities surrounding Lake
Lanier, this means that the operation of Buford Dam
will return to the “baseline” operation of the mid-
1970s. Thus, the required off-peak flow will be 600

http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=1979115649&pubNum=345&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_345_888
http://www.westlaw.com/Link/Document/FullText?findType=Y&serNum=1979115649&pubNum=345&originationContext=document&vr=3.0&rs=cblt1.0&transitionType=DocumentItem&contextData=(sc.UserEnteredCitation)#co_pp_sp_345_888


185a

cfs and only Gainesville and Buford will be allowed
to withdraw water from the lake. The Court recog-
nizes that this is a draconian result. It is, however,
the only result that recognizes how far the operation
of the Buford project has strayed from the original
authorization.

As the Court stated at the hearing, the slow pace at
which the Corps operates has only served to further
complicate and provoke this already complicated and
inflammatory case. It is beyond comprehension that
the current operating manual for the Buford Dam is
more than 50 years old. Certainly, the pendency of
this litigation has made the Corps’s completion of
plans and manuals more difficult. However, the
states and municipalities that rely on the ACF basin
for water cannot determine how the operation of the
project will affect their interests if they do not un-
derstand how the Corps intends to operate the
project. The uncertainty created by the Corps’s
alarmingly slow pace only adds to the frustration of
all parties involved in this litigation. The Court
encourages the Corps to complete its plans for the
ACF basin as quickly as possible, to allow the parties
and Congress to analyze more effectively the future
of this vital resource.

The blame for the current situation cannot be
placed solely on the Corps’s shoulders, however. Too
often, state, local, and even national government
actors do not consider the long-term consequences of
their decisions. Local governments allow unchecked
growth because it increases tax revenue, but these
same governments do not sufficiently plan for the
resources such unchecked growth will require. Nor
do individual citizens consider frequently enough
their consumption of our scarce resources, absent a
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crisis situation such as that experienced in the ACF
basin in the last few years. The problems faced in the
ACF basin will continue to be repeated throughout
this country, as the population grows and more
undeveloped land is developed. Only by cooperating,
planning, and conserving can we avoid the situations
that gave rise to this litigation.

CONCLUSION

As we all learned in grade school, the separation of
powers is fundamental to our federal government: a
power reserved to one branch may not be usurped by
another. This litigation presents a case study in the
need for this tripartite federal system. Congress
authorized and paid for the Buford Dam, and gave
the Corps authority to operate the dam. Congress
specified, however, that the Corps’s authority was
not without limits. If the Corps believes that it must
operate the project in a manner contrary to Con-
gress’s initial authorization of the project, it must so
inform Congress and secure Congress’s permission to
do so. Congress has made no exceptions for situa-
tions such as the present, when the need for the
change is great: the WSA does not provide that
“changes shall be made only upon the approval of
Congress unless it is inconvenient to do so.” Congress
reserved to itself the power to change the purposes
for federal projects such as the Buford Dam project.
The executive branch simply may not circumvent
that authority. Congressional approval of the reallo-
cation of storage in Lake Lanier is required.

The Court is sympathetic to the plight of the Corps,
which is faced with competing and legitimate claims
to a finite resource. Neither the Corps nor the Court
can make more water. However, as the D.C. Circuit
remarked, “Congress envisioned that changed cir-
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cumstances or ‘difficult situations’ might arise and
specified that any solution involving ‘major opera-
tional * * * changes’ required its prior authorization.”
SeFPC, 514 F.3d at 1325 (citations omitted). The
Corps’s failure to seek Congressional authorization
for the changes it has wrought in the operation of
Buford Dam and Lake Lanier is an abuse of discre-
tion and contrary to the clear intent of the Water
Supply Act. As such, the Corps’s actions must be set
aside.

Accordingly, IT IS HEREBY ORDERED that:

1. Alabama and Florida’s Motion for Summary
Judgment (Docket No. 191) is GRANTED in part
and DENIED in part;

2. The Georgia parties’ Motion for Summary Judg-
ment (Docket No. 195) is DENIED;

3. The SeFPC’s Motion for Summary Judgment
(Docket No. 238 in Civ. No. 3:08-640) is GRANTED
in part and DENIED in part;

4. The Corps’s Motion for Summary Judgment
(Docket No. 227) is DENIED;

5. APC’s Motion for Summary Judgment (Docket
No. 86 in Civ. No. 3:07-249) is DENIED;

6. Columbus and Columbus Water Works’ Motion
for Partial Summary Judgment (Docket No. 22 in
Civ. No. 3:07-1033) is DENIED;

7. Apalachicola’s Motion for Summary Judgment
(Docket No. 190) is GRANTED in part and
DENIED in part; and

8. The claims raised in Phase 1 of this litigation are
hereby STAYED for a period of three (3) years.
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APPENDIX C

In the

UNITED STATES COURT OF APPEALS
FOR THE ELEVENTH CIRCUIT

No. 09-14657-GG

In Re:

MDL-1824 TRI-STATE WATER RIGHTS
LITIGATION.

-------------------

On Appeal from the United States District Court
For the Middle District of Florida

-------------------

FILED
U.S. COURT OF APPEALS

ELEVENTH CIRCUIT
SEP 16 2011

ON PETITION(S) FOR REHEARING AND
PETITION(S) FOR REHEARING EN BANC

Before MARCUS and ANDERSON, Circuit Judges,
and MILLS,* District Judge.

PER CURIAM:

The Petition(s) for Rehearing are DENIED and no
Judge in regular active service on the Court having
requested that the Court be polled on rehearing en
banc (Rule 35, Federal Rules of Appellate Proce-

* Honorable Richard Mills, United States District Judge for the
Central District of Illinois, sitting by designation.
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dure), the Petition(s) for Rehearing En Banc are
DENIED.

ENTERED FOR THE COURT:

/s/ R. Lanier Anderson_____________

UNITED STATES CIRCUIT JUDGE
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APPENDIX D

United States Court of Appeals,
District of Columbia Circuit

SOUTHEASTERN FEDERAL POWER
CUSTOMERS, INC., Appellee

v.

Peter GEREN, Secretary of the United States De-
partment of the Army, et al., Appellees

State of Florida, Appellant.

Nos. 06-5080, 06-5081 | Argued Nov. 16, 2007 |
Decided Feb. 5, 2008.

Before: ROGERS and KAVANAUGH, Circuit Judges,
and SILBERMAN, Senior Circuit Judge.

Opinion

ROGERS, Circuit Judge.

This case arises out of the requirements of three
States for water stored in a federal reservoir. The
States of Alabama and Florida appeal the order of
the district court approving a Settlement Agreement
between Southeastern Federal Power Customers,
Inc. (“Southeastern”), a group of Georgia water
supply providers (“Water Supply Providers”), the
U.S. Army Corps of Engineers (the “Corps”), and the
State of Georgia. The Agreement provides for a ten
or twenty year “temporary” reallocation of over
twenty percent (20%) of the water storage in the
Lake Lanier reservoir, which is located in the State
of Georgia and operated by the Corps. Alabama and
Florida contend that the Agreement violates the
Water Supply Act (“WSA”), 43 U.S.C. § 390b(d), the
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Flood Control Act (“FCA”), 33 U.S.C. § 708, and the
National Environmental Protection Act (“NEPA”), 42
U.S.C. § 4321 et. seq. We need address only one of
the statutory challenges. Under the WSA, the Corps
must obtain prior Congressional approval before
undertaking “major * * * operational changes.” §
301(d), 43 U.S.C. § 390b(d). Because the Agreement’s
reallocation of Lake Lanier’s storage space consti-
tutes a major operational change on its face and has
not been authorized by Congress, we reverse the
district court’s approval of the Agreement.

I.

The setting for this case is Lake Sidney Lanier, a
federally owned reservoir operated by the Corps and
located in Georgia. It was created by the construction
of the Buford Dam on the Chattahoochee River,
approximately fifty miles northeast of the city of
Atlanta. To the south of the Buford Dam, the Chat-
tahoochee joins the Flint River and the two become
the Apalachicola River, which flows through north-
ern Florida and eventually into the Gulf of Mexico.
The three river systems make up the Apalachicola-
Chattahoochee-Flint river basin (“ACF Basin”),
which includes counties in Alabama.

Congress authorized the Corps to design and build
Buford Dam in 1946, and the project was completed
in the mid-1950s. Beginning in the 1970s, the Corps
entered into a series of five-year renewable contracts
that allowed some of Lake Lanier to be used for
storage of local water supply. See Se. Fed. Power
Customers, Inc. v. Harvey, 400 F.3d 1, 2 (D.C.Cir.
2005). The last of the local water storage contracts
expired in 1990, but the Corps has permitted the
withdrawal of water, in increasing amounts, under
the terms of the expired contracts. Id.
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In 1989, before the expiration of the last temporary
local water storage contract, the Corps transmitted a
report to Congress recommending that 207,000 acre-
feet of storage in Lake Lanier be reallocated from
hydropower to local consumption, noting that this
might require Congressional approval. USACE,
POST AUTHORIZATION CHANGE
NOTIFICATION REPORT FOR THE
REALLOCATION OF STORAGE FROM
HYDROPOWER TO WATER SUPPLY AT LAKE
LANIER, GEORGIA (“PAC REPORT”) 1, 12, 26
(1989). In response, Alabama sued the Corps in the
federal district court in the Northern District of
Alabama, seeking to enjoin reallocation of Lake
Lanier’s storage space to water supply. This litiga-
tion resulted in a stay order, Alabama v. USACE,
No. CV90-H-1331-B (N.D.Ala. Sept. 19, 1990), and no
permanent water storage reallocation was undertak-
en despite the recommendations of the PAC
REPORT. In 1992, Alabama, Florida, Georgia and
the Corps entered into a Memorandum of Agreement
allowing existing withdrawals to continue or increase
in response to reasonable demand; in 1997, the same
three States and Congress approved the Apalachico-
la-Chattahoochee-Flint River Basin Compact (“Com-
pact”) to facilitate water storage allocation, planning
and dispute resolution in the ACF Basin. Pub.L. No.
105-104, 111 Stat. 2219. The Compact, which did not
assign rights to any quantity of water, id. at 8,
terminated on August 31, 2003, without resulting in
an agreement on the allocation of water storage
resources.

In 2000, Southeastern sued the Corps in the feder-
al district court in the District of Columbia, challeng-
ing the Corps’ statutory authority to divert water
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from Lake Lanier to the detriment of hydropower
users and alleging economic injury stemming from
increased withdrawals of water from Lake Lanier,
which allegedly compromised use of Lake Lanier’s
water for power generation. Georgia thereafter
petitioned the Assistant Secretary of the Army for
Civil Works to formally reallocate reservoir storage
space for local consumption-effectively requesting a
threefold increase in the amount of space devoted to
local water supply. In 2001, not having received a
response to its request, Georgia sued the Corps in
the federal district court in the Northern District of
Georgia. In 2002, Georgia’s request was denied. By
letter of April 15, 2002, the Acting Assistant Secre-
tary of the Army for Civil Works explained that
because “[t]his request involves substantial with-
drawals from Lake Lanier and accommodating it
would affect authorized project purposes * * * [the
matter had been referred to] the Office of the Army
General Counsel, [and t]hat office has * * * concluded
that it cannot be accommodated without additional
Congressional authorization.” Letter from R.L.
Brownlee, to Hon. Roy E. Barnes, Governor of Geor-
gia (Apr. 15, 2002), citing Memorandum of Earl
Stockdale, Deputy Gen. Counsel, Dep’t of the Army,
regarding Georgia Request for Water Supply from
Lake Lanier (Apr. 15, 2002) (“Army Legal Memoran-
dum”). The Georgia lawsuit is currently abated.
Georgia v. USACE, 223 F.R.D. 691, 699
(N.D.Ga.2004).

Meanwhile, in March 2001, the D.C. district court
referred the parties to mediation, where they were
eventually joined by Georgia and the Water Supply
Providers. The parties negotiated the Agreement at
issue and signed it in January 2003. The Agreement
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specifies that Lake Lanier’s storage space is
1,049,400 acre-feet. It requires the Corps to allocate
between 210,858 and 240,858 acre-feet of Lake
Lanier’s water storage to local municipal and indus-
trial uses for a once-renewable period of ten years;
the exact amount of space allocated depends on
whether Gwinnett County chooses to purchase all of
the storage space to which it is entitled. If, under the
Agreement, all of the storage space that may be
officially dedicated to local consumption is, then the
reallocation constitutes more than twenty-two per-
cent (22%) of the total storage space in Lake Lanier
and approximately nine percent (9%) more of the
total storage space than was being allocated for local
use in 2002. Compare Agreement at 5, and Army
Legal Memorandum at 8, with Agreement at 6. The
interim ten-year leases will become permanent if
Congress approves the change in use or a final court
judgment holds that such approval is not necessary,
Agreement at 10, and the Corps commits to recom-
mending that Congress formally “make the storage
covered by the Interim Contracts available on a
permanent basis,” id. at 11. The Agreement also
provides hydropower generators with payments in
the form of “credit to be reflected in hydropower
rates,” based on “revenues paid into the United
States Treasury [under contracts based on the
Agreement],” to compensate for lost opportunities
related to its reallocation of water storage rights. Id.
at 13.

In October 2003, after the Agreement was signed,
the D.C. district court allowed Alabama and Florida
to intervene and denied the motions to transfer the
case to the Georgia district court; Alabama and
Florida also resuscitated the Alabama lawsuit that
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was filed in 1990. On October 15, 2003, the Alabama
district court entered a preliminary injunction,
preventing the Agreement from being implemented.
The D.C. district court approved the Agreement on
February 10, 2004, contingent upon the “dissolution
of the [Alabama district court’s] injunction.” Se. Fed.
Power Customers v. Caldera, 301 F.Supp.2d 26, 35
(D.D.C.2004). The district court rejected Alabama’s
and Florida’s argument that the Agreement exceeded
the authority conferred on the Corps by Congress,
including applicable provisions of the WSA, the FCA
and NEPA. Id. at 31. It also concluded that while the
Agreement would affect hydropower generation, an
original purpose of Lake Lanier, the assent of the
hydropower generators meant that Congressional
approval for the allocation of storage space was not
required. Id. at 31-32. The district court quoted the
WSA’s “operational change” provision, but did not
explicitly address this issue. See id.

This court dismissed the initial appeal filed by
Alabama and Florida for lack of a final order, in view
of the conditional nature of the district court’s ap-
proval of the Agreement. Se. Fed. Power, 400 F.3d at
5. Following the dissolution of the Alabama district
court’s injunction, Alabama v. USACE, 424 F.3d
1117, 1136 (11th Cir. 2005), the D.C. district court,
on March 9, 2006, entered a final judgment that is
the basis for this appeal by Alabama and Florida.

II.

Alabama and Florida contend that the Agreement
should be set aside because it violates the WSA, the
FCA, and NEPA. They maintain that the realloca-
tion in the Agreement requires Congressional ap-
proval under the WSA because it both constitutes a
major operational change and seriously affects
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project purposes. They also contend that the Agree-
ment violates the FCA because it allows only the
short-term sale of surplus water, whereas the
Agreement is a long-term transaction involving
water that is not surplus; because the FCA prohibits
negatively affecting existing uses of affected water;
and because the Agreement is contrary to the Corps’
internal FCA contracting guidelines. Finally, they
contend that the Agreement violates NEPA by “ir-
revocably committ[ing] [the Corps] to executing the
[Agreement] at the completion of its NEPA analysis,”
Appellants’ Br. at 48, effectively bypassing the
statute.1

1 Alabama’s and Florida’s contention that the district court
abused its discretion in denying the motion to abate or transfer
this case to the Alabama district court is without merit. They
note that the Georgia district court abated the case before it in
favor of the prior-filed Alabama case, Georgia, 223 F.R.D. at
697-99, and that they urged the D.C. district court to do
likewise on the grounds that the Alabama and D.C. cases
involve substantially the same parties and subject matter, the
Alabama lawsuit was first filed, the Alabama court is more
convenient, and the “equities weigh in favor of abatement.”
Appellants’ Br. at 58. However, the district court adequately
justified its denial of the motion and did not abuse its discre-
tion. See Handy v. Shaw, Bransford, Veilleux & Roth, 325 F.3d
346, 349 (D.C.Cir. 2003). The district court explained that
“more entities purporting to be affected by the manner in which
the Corps makes disposition of the water storage capacity * * *
in Lake Lanier are now subject to the jurisdiction of this
[district c]ourt than are before [the Alabama district court],”
and reasonably concluded that the prospects of “duplicative
litigation and inconsistent adjudicative results” were reduced
by its review of the Agreement. Caldera, 301 F.Supp.2d at 31.
Hence, because reversal is not justified, the court need not
decide whether 28 U.S.C. § 2105, which precludes reversal by
“a court of appeals for error in ruling upon matters in abate-
ment which do not involve jurisdiction,” prevents review of the
abatement motion. Cf. Nascone v. Spudnuts, Inc., 735 F.2d 763,
771 (3d Cir. 1984); see also 15A CHARLES ALAN WRIGHT,
ARTHUR R. MILLER, EDWARD H. COOPER, FEDERAL
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The court reviews the fairness of a settlement
agreement for abuse of discretion. Moore v. Nat’l
Ass’n of Sec. Dealers, Inc., 762 F.2d 1093, 1106
(D.C.Cir. 1985). Although there are few precedents
on review of a settlement agreement for compliance
with statutory requirements, the district court could
hardly approve a settlement agreement that violates
a statute, see, e.g., Sierra Club, Inc. v. Elec. Controls
Design, Inc., 909 F.2d 1350, 1355 (9th Cir. 1990), and
this court owes the district court no deference in its
legal interpretations. Our statutory review then is de
novo, although this is largely a matter of semantics:
“A district court by definition abuses its discretion
when it makes an error of law,” Koon v. United
States, 518 U.S. 81, 100, 116 S.Ct. 2035, 135 L.Ed.2d
392 (1996); see also Donovan v. Robbins, 752 F.2d
1170, 1178 (7th Cir. 1984). In considering the Corps’
interpretation of its statutory authority to enter into
the Agreement, the court applies the familiar two-
step analysis under Chevron, U.S.A., Inc. v. Natural
Resources Defense Council, Inc., 467 U.S. 837, 104
S.Ct. 2778, 81 L.Ed.2d 694 (1984).

[Where] Congress has directly spoken to the * * *
issue * * * that is the end of the matter; for the
court, as well as the agency, must give effect to the
unambiguously expressed intent of Congress * * *
if the statute is silent or ambiguous with respect to
the specific issue, the question for the court is
whether the agency’s answer is based on a permis-
sible construction of the statute.

Id. at 842-43, 104 S.Ct. 2778.

Section 301 of the WSA, 43 U.S.C. § 390b, ad-
dresses the development of “water supplies for

PRACTICE AND PROCEDURE § 3903 (3d ed.2007).
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domestic, municipal, industrial, and other purposes,”
specifically acknowledging that primary responsibil-
ity for their development is lodged in States and
localities. Id. § 301(a), § 390b(a). It authorizes stor-
age “in any reservoir project surveyed, planned,
constructed or to be planned * * * by the Corps of
Engineers or the Bureau of Reclamation” so long as
the costs of construction or modification are ade-
quately shared by the beneficiaries. Id. § 301(b), §
390b(b). The WSA provides, however, that:

Modifications of a reservoir project heretofore au-
thorized, surveyed, planned, or constructed to in-
clude storage as provided in subsection (b) of this
section which would seriously affect the purposes
for which the project was authorized, surveyed,
planned, or constructed, or which would involve
major structural or operational changes shall be
made only upon the approval of Congress as now
provided by law.

Id., § 301(d), § 390b(d) (emphasis added).

Alabama and Florida contend that the Agreement’s
reallocation of up to 240,858 acre-feet of storage
space to the Water Supply Providers constitutes a
“major * * * operational change[ ]” and thus requires
Congressional approval. They point to previous
analyses prepared by the Corps and the Office of the
Army General Counsel indicating that operational
changes on a similar scale would require Congres-
sional approval. See, e.g., PAC REPORT at 12; Army
Legal Memorandum at 12. Appellees offer that the
Agreement “merely leaves in place * * * [t]he status
quo [of] incremental increases in withdrawal
amounts by the Water Supply Providers as those
increases are permitted by Georgia,” Appellees’ Br.
at 37, and thus does not constitute an operational
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change. They would distinguish the 2002 Army Legal
Memorandum on the basis that Georgia’s request
involved a larger percentage of Lake Lanier than the
storage allocated by the Agreement and included
projections that were thirty as opposed to ten years
in the future. Appellees further offer that the
Agreement provides for compensation payments to
hydropower producers, thus “retaining the hydro-
power benefit and adding the water benefit,” id. at
38. Finally, Appellees offer that the reallocation is
temporary rather than permanent, and thus does not
require Congressional approval.

1.

As a threshold matter, we hold that Alabama and
Florida have standing to challenge the Agreement
insofar at it constitutes a major operational change
to the Lake Lanier reservoir.2 They credibly claim to
fear that the proposed reallocation of water storage
will result in “diminish[ed][ ] flow of water reaching
the downstream states.” Appellants’ Br. at 2. The
Agreement does potentially reduce the amount of
water flowing downstream, Agreement at 5; Ala-
bama, 424 F.3d at 1122, and the ACF basin would
thereby be affected by changes to the quantity of
water in the Chattahoochee River for as long as
twenty years, see, e.g., Agreement at 10; cf. Georgia
v. USACE, 302 F.3d 1242, 1252 (11th Cir. 2002). As
the ACF basin includes parts of both Alabama and
Florida, they would be directly impacted by the
Agreement’s proposed changes to water storage uses;

2 The court, therefore, has no occasion to consider whether
Alabama and Florida would have standing to challenge the
Agreement as “seriously affect[ing]” the original Congressional-
ly authorized purposes of Lake Lanier. Cf. Opinion Concurring
in the Judgment (hereinafter, Concurring Op.) at ----.
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in its complaint, Florida alleged various negative
environmental impacts from reduced water flow. In
addition, the states’ quasi-sovereign interests enti-
tles them to “special solicitude” in standing analysis.
See Massachusetts v. EPA, 549 U.S. 497, 127 S.Ct.
1438, 1455, 167 L.Ed.2d 248 (2007). To the extent
the Agreement provides that “entering into the
storage contracts described in this Agreement * * *
potentially gives rise to certain obligations under
NEPA,” Agreement at 14, any attendant delay due to
the Corps’ compliance with NEPA does not affect the
imminence of the claimed injury. The Agreement
commits the Corps to use its “best efforts to complete
any applicable requirements of NEPA as expeditious-
ly as practicable.” Id.; cf. Massachusetts, 127 S.Ct. at
1456. In addition, the Agreement states that its
NEPA compliance provision “does not apply to the
Supplement to Relocation Contract” between the
Corps and the City of Gainsville allowing removal of
water from Lake Lanier from the date of settlement,
Agreement at 12, 14.

Alabama and Florida thus show both the immi-
nence of injury-in-fact and its causation, and revers-
ing the approval of the Agreement would provide
redress to their injury. See generally Lujan v. De-
fenders of Wildlife, 504 U.S. 555, 560-61, 112 S.Ct.
2130, 119 L.Ed.2d 351 (1992). Alabama’s and Flori-
da’s prudential standing is likewise established
because they come within the zone of interests that
Congress could reasonably have intended to protect.
See Clarke v. Sec. Indus. Ass’n, 479 U.S. 388, 399-
401, 107 S.Ct. 750, 93 L.Ed.2d 757 (1987).

2.

Section 301 of the WSA plainly states that a major
operational change to a project falling within its
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scope requires prior Congressional approval.3 Con-
sistent with this plain text, the Corps has long
recognized that its discretion to alter a project’s
operations without Congressional approval is limited
to non-major matters. It acknowledged in the 1989
PAC REPORT, at 12, that Congressional approval
might be required for reallocation of 207,000 acre-
feet, or approximately twenty percent (20%) of Lake
Lanier’s total current storage as specified in the
Agreement. In 2002, on the basis of a legal opinion
from the Office of the Army General Counsel, the
Corps rejected Georgia’s request that 370,930 acre-
feet, approximately thirty-five percent (35%) of Lake
Lanier’s total storage, be reallocated to local use.
That legal opinion concluded that Georgia’s request
was of a magnitude that would “involve substantial
effects on project purposes and major operational
changes” and therefore required prior Congressional
approval. Army Legal Memorandum at 1; see also id.
at 9, 13. This conclusion was based on a comprehen-
sive analysis: The Army Legal Memorandum identi-
fied the “specifically authorized purposes [of Lake
Lanier] * * *. [as] navigation, hydropower genera-
tion, and flood control-with water supply as an
incidental benefit,” id. at 6; reviewed relevant con-
gressional authorizations, beginning with the Rivers
and Harbor Acts of 1945, noting that, according to
engineers’ reports, water supply was an “incidental
benefit” of the Dam; and cited statutory limitations
on the Corps’ authority to modify any existing project

3 The Corps has not suggested that “the approval of Congress”
required by the statute means anything other than a bill or
resolution passed by both Houses that is either signed by the
President or passed by two-thirds of both Houses over the
President’s veto. Cf. U.S. CONST. art. I, § 7.
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under the WSA, id. at 3-9, referencing a House
subcommittee report contrasting the Corps’ authority
to make “minor modifications” as distinct from
“major changes in a project” and observing that
“[t]he Corps’ view of its discretionary authority in
this area comports with that of Congress,” id. at 10-
11 (quoting U.S. HOUSE COMM. ON PUBLIC
WORKS, SUBCOMM. TO STUDY CIVIL WORKS,
REPORT ON THE CIVIL FUNCTIONS PROGRAM
OF THE CORPS OF ENGINEERS, 82ND
CONGRESS at 22 (1952)). The Corps’ legal defense
of then-existing water withdrawals was limited to a
footnote, without citation to authority, which stated
that “the agency does have the discretionary authori-
ty to meet the current water supply needs of the
municipalities surrounding the reservoir,” id. at 8 n.
2.

On its face, then, reallocating more than twenty-
two percent (22%, approximately 241,000 acre feet)
of Lake Lanier’s storage capacity to local consump-
tion uses, see Agreement at 5-6, constitutes the type
of major operational change referenced by the WSA;
the reallocation’s limitation to a “temporary” period
of twenty years does not change this fact. Even a
nine percent (9%, approximately 95,000 acre feet)
increase over 2002 levels for twenty years is signifi-
cant. Appellees’ contrary arguments are unpersua-
sive.

First, Appellees maintain that the Agreement
simply reflects the status quo of gradual water
storage reallocation, and consequently does not
constitute a major operational change. But the
appropriate baseline for measuring the impact of the
Agreement’s reallocation of water storage is zero,
which was the amount allocated to storage space for
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water supply when the lake began operation. Other-
wise, under Appellees’ logic, even if the Agreement
had simply kept in place a series of interim agree-
ments that allocated all of Lake Lanier to storage for
local consumption, no major operational change
would have occurred-a chain of logic that would
effectively bypass section 301(d) of the WSA, 43
U.S.C. § 390b(d).4 Even taking the status quo as the
consumption level in 2002, the reallocation of ap-
proximately nine percent (9%, approximately 95,000
acre feet) of storage space for a twenty-year period is
still significant. As the Corps acknowledged during
oral argument, the change from current local usage
storage to the storage levels envisioned by the
Agreement would be the largest acre-foot realloca-
tion ever undertaken by the Corps without prior
Congressional approval. Oral Arg. Tape (Nov. 16,
2007) at 45:16.5.

Second, Appellees maintain both that the amount
of storage space reallocated by the Agreement is too
limited to qualify as a major operational change, and
that the Agreement’s compensation of hydropower
users prevents the reallocation from constituting a
major operational change. But in defending the
Agreement, Appellees provide no rational reason to
explain why a reallocation of approximately thirty-

4 The court, in responding to the Corps’ defense of its approval
of the Agreement, has no occasion to opine whether the Corps’
previous storage reallocations were unlawful. See Concurring
Op. at 1326-27. The court relies only on initial allocations of
water storage-a more limited issue than would be presented
were the court to address the original Congressional purposes
of Lake Lanier alluded to by our colleague, see id. at 1326-27.
In any event, it is hardly “draconian,” id. at 1327, to follow
Congress’ explicit instructions for prior approval of major
operational changes.
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five percent (35%) of total storage, taking into ac-
count thirty years of future local needs, constitutes a
major operational change, see Army Legal Memoran-
dum at 9, 12; Agreement at 6, whereas a reallocation
of more than twenty-two (22%) of total storage,
taking into account twenty years of future local
needs, does not. See Agreement at 5-6, 10. In sug-
gesting that the Agreement’s compensation for the
loss of hydropower uses is meaningfully different
from Georgia’s reallocation request in 2000, Appel-
lees ignore the fact that even if compensation pro-
vides hydropower producers the full financial benefit
they would have received from use of Lake Lanier in
the absence of the water storage reallocation, a major
operational change still occurs because there is less
flow through as a result of increased water storage
for local use.

Third, Appellees maintain that the absence of a
permanent reallocation under the Agreement re-
moves the need for prior congressional approval. But
it is unreasonable to believe that Congress intended
to deny the Corps authority to make major opera-
tional changes without its assent, yet meant for the
Corps to be able to use a loophole to allow these
changes as long as they are limited to specific time
frames, which could theoretically span an infinite
period. Appellees’ attempt to respond by suggesting a
time period of ninety-nine years “ ‘might cause a
serious impact,’ ” Appellees’ Br. at 38 n. 6 (quoting
counsel for the Corps during oral argument before
the D.C. district court, Transcript of Oral Argument
(Feb. 8, 2005) at 30, Se. Fed. Power Customers v.
Caldera, 301 F.Supp.2d 26 (D.D.C.2004)), fails to
explain why a twenty year term would not cause the
same “serious impact.”
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In other circumstances it is conceivable that the
difference between a minor and a major operational
change might be an ambiguous matter of degree,
where the Court would consider whether an agency’s
authoritative interpretation should be accorded
deference under Chevron step two in defining the
term “major operational change,” cf. Concurring Op.
at 1327-28. But the Agreement’s reallocation of over
twenty-two percent (22%) of Lake Lanier’s storage
space does not present that situation. It is large
enough to unambiguously constitute the type of
major operational change for which section 301(d) of
the WSA, 43 U.S.C. 390b(d), requires prior Congres-
sional approval. This conclusion is reinforced by the
Corps’ prior consideration of reallocation proposals,
see PAC REPORT at 12; Army Legal Memorandum
at 8-12. The same conclusion applies to a reallocation
of approximately nine percent (9%) of Lake Lanier’s
storage space, for it too presents no ambiguity. This
is illustrated by the Corps’ acknowledgment of the
reallocation’s unprecedented scale, Oral Arg. Tape
(Nov. 16, 2007) at 45:16.5. Vaguely committing to
request Congressional approval of the reallocation at
some future date, see, e.g., Agreement at 11; Oral
Arg. Tape (Nov. 16, 2007) at 47:00.0, does not accord
with the plain text of the WSA.

The Corps may understandably be of the view that
it faces a “difficult situation,” Oral Arg. Tape (Nov.
16, 2007) at 51:38.8, and is attempting to balance
multiple interests and achieve a “creative solution,”
id. at 52:04.2. However, Congress envisioned that
changed circumstances or “difficult situations” might
arise and specified that any solution involving “major
operational * * * changes” required its prior authori-
zation. WSA § 301(d), 43 U.S.C. § 390b(d). We there-
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fore need not reach the other contentions of Alabama
and Florida. The Agreement’s reallocation of Lake
Lanier’s storage capacity to local consumption is a
major operational change that under section 301(d)
of the WSA, 43 U.S.C. § 390b(d), may not occur
without Congress’ prior authorization. Accordingly,
because no authorization has been obtained, we hold
that the district court erred in approving the Agree-
ment and reverse.

SILBERMAN, Senior Circuit Judge, concurring
in judgment:

I agree with the majority’s conclusion that, notwith-
standing our limited scope of review of a district
court’s approval of a settlement agreement, we are
obliged to reject this one. I write separately to dis-
cuss issues appellants raise which I think should be
disposed of-and should be rejected so as not to com-
plicate any further possible litigation-and to disagree
with my colleagues on one important point.

Appellants argued that the Agreement violated the
Flood Control Act (“FCA”), as well as the Water
Supply Act (“WSA”). I think that alternative claim is
quite weak. The relevant provision of the FCA states:

Sale of surplus waters for domestic and in-
dustrial uses; disposition of moneys - The Sec-
retary of the Army is authorized to make contracts
with States, municipalities, private concerns, or
individuals, at such prices and on such terms as he
may deem reasonable, for domestic and industrial
uses for surplus water that may be available at any
reservoir under the control of the Department of
the Army: Provided, that no contracts for such wa-
ter shall adversely affect then existing lawful uses
of such water * * *.
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33 U.S.C. § 708. By its plain terms, this provision
sets the conditions under which the Secretary may
sell “surplus water.” However, the Corps does not
contend that the Settlement Agreement disposes of
“surplus” water. The Agreement does reallocate a
certain amount of reservoir capacity to water stor-
age, but reallocations are governed by the Water
Supply Act, not the Flood Control Act. Section 301(d)
of the WSA requires Congressional approval of
“[m]odifications of a reservoir project * * * which
would involve major structural or operational chang-
es * * *.” 43 U.S.C. § 390b(d). It is abundantly clear,
then, that the Water Supply Act, not the Flood
Control Act, is the statute that governs the Corps’
actions in this case, and I would accordingly explicit-
ly reject the appellants’ FCA claims.

Turning to the WSA, appellants argued-indeed, it
was their main argument-that the Agreement was
unlawful under that statute, not just because it
constituted a “major operational change,” but also
because it was inconsistent with the project’s author-
ized purposes. 43 U.S.C. § 390b(d). The Buford Dam
was constructed to improve navigation, generate
hydroelectric power, and control flooding. Alabama v.
U.S. Army Corps of Engineers, 424 F.3d 1117, 1122
(11th Cir. 2005). (For many years, the Corps has
maintained that an incidental benefit of the project
was to provide metropolitan Atlanta with water
supply.) Id. One of the project’s primary purposes,
thus, was to provide hydroelectric power to down-
stream users. The Agreement, it is contended by
Alabama and Florida, will reduce the amount of
water released from the reservoir which will, in turn,
reduce the water available for Alabama’s and Flori-
da’s power requirements. Appellees responded that
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the Agreement’s compensation mechanisms met the
hydroelectric purposes of the project.

Under those mechanisms, the water supply provid-
ers will pay substantially higher rates for water
storage, and the resulting revenue will be credited to
hydropower customers to compensate them for the
reduced water flows through the dam. The Corps, the
power customers, and the water supply providers all
agree that this compensation mechanism will ensure
that the Agreement does not have an adverse effect
on hydropower generation.

I would not reach the merits of this argument be-
cause I do not think Florida and Alabama have
standing to raise it. The two states have not identi-
fied any cognizable injury attributable to this claim.
They do not assert that they or their citizens will pay
any more for electricity as a result of the Agreement.
Indeed, the hydroelectric companies supplying
Florida and Alabama customers-the members of the
Southeastern Federal Power Customers-support the
Agreement because the compensation mechanism
does adequately offset the reduction in water supply.
To be sure, Florida and Alabama do have standing-as
the panel concludes-to object to the alleged “major
operational change” because the decreased water
supply will have environmental impacts on Florida
and Alabama. However, standing must be estab-
lished for each claim, The Wilderness Society v.
Norton, 434 F.3d 584, 591 (D.C.Cir. 2006), and
appellants lack standing to assert that the Agree-
ment will “seriously affect” the project purposes of
the reservoir.

* * *

My fundamental disagreement with my colleagues’
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determination that the Agreement works a “major
operational change” is with their conclusion that the
appropriate baseline for measuring the impact of the
Agreement’s reallocation of water storage is zero.
That seems to imply that the project was never
intended to provide water to the city of Atlanta,
which is in tension with the 11th Circuit’s observa-
tion mentioned infra, and is an issue which the
settling parties agreed was not determined by the
Agreement; it is an open question that has not really
been briefed.

Beginning in the 1970s, the Corps allocated a
steadily increasing volume of storage space to the
water supply providers. Alabama v. U.S.A.C.E., 424
F.3d at 1122. It does not appear that Alabama and
Florida challenged this policy until 1990, when the
Corps was seeking Congressional approval to enter
into permanent water supply contracts. Id. at 1122-
23. Thus, for over a decade, the appellants acqui-
esced to a policy of increasingly large withdrawals.
Even after Florida and Alabama initiated litigation
in 1990, the states entered into two agreements that
allowed the Corps to increase water withdrawals “to
satisfy reasonable increases in [ ] demand” while
settlement negotiations were pending.1

1 These agreements do contain disclaimers that they “shall not
be construed as granting any permanent, vested or perpetual
rights to the amounts of water used” during settlement negoti-
ations. (It would appear that the word “used” in the agree-
ments only refers to the water withdrawn during the settle-
ment negotiations, and not to reservoir space that had been
allocated to water storage prior to those agreements.) Moreo-
ver, the 1992 agreement states that it shall not be construed as
“changing the status quo as to the Army’s authorization of
water withdrawals.” This implies that-at the very least-Florida
and Alabama did not contest the amount of storage that had
been authorized by the Corps prior to 1992.
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By asserting that the baseline is zero, the majority
implicitly suggests that for many years some amount
of water stored for (and supplied to) the city of Atlan-
ta was illegal. That is a draconian conclusion I do not
think warranted by the record.

I nevertheless agree with the majority’s determina-
tion that the Settlement Agreement is unlawful. To
be sure, the definition of major operational change is
by no means clear. Typically we would defer to an
agency’s interpretation of that ambiguous term, but
we cannot do so here because we are not reviewing
an agency rulemaking or adjudication, but only a
settlement agreement (which does not even purport
to interpret the crucial language). See United States
v. Mead Corp., 533 U.S. 218, 230, 121 S.Ct. 2164, 150
L.Ed.2d 292 (2001). We have given deference to
agency interpretation of settlement agreements
when Congress has granted the agency “an active
role in approving the agreement.” Nat’l Fuel Gas
Supply Corp. v. FERC, 811 F.2d 1563, 1571 (D.C.Cir.
1987). But we have also emphasized that such defer-
ence is inappropriate where-as here-“the agency
itself [was] an interested party to the agreement.” Id.
In such cases, “deference might lead a court to en-
dorse self-serving views that an agency might offer
in a post hoc reinterpretation of its contract.” Id. The
government seems to have implicitly interpreted the
term “major” in its brief-as not including incremental
changes-but we do not defer to mere litigating posi-
tions. Bowen v. Georgetown Univ. Hosp., 488 U.S.
204, 213, 109 S.Ct. 468, 102 L.Ed.2d 493 (1988).

The Agreement appears to me to constitute a “ma-
jor operational change” because it substantially
increases the amount of reservoir space allocated to
water supply compared to the allocation in 2002,
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which is all we have to conclude. The total storage
capacity of Lake Lanier is 1,049,400 acre-feet. In a
2002 memorandum regarding Georgia’s request for
more water storage, the General Counsel of the
Department of the Army stated that, “[c]urrently,
municipal and industrial interests, through direct
withdrawals and releases from the reservoir, utilize
the equivalent of 145,460 acre-feet of storage in Lake
Lanier for water supply.” Thus, in 2002, approxi-
mately 13.9% of the reservoir’s capacity was being
used for water supply. Under the Settlement Agree-
ment, up to 240,858 acre-feet of the reservoir would
be set aside for water storage (175,000 acre-feet for
Gwinnett County, 20,675 acre-feet for the City of
Gainesville, and 45,183 acre-feet for the Atlanta
Regional Commission). This represents an increase
of 95,398 acre-feet, which is a 65.6% increase over
the 2002 level. Put another way, under the Agree-
ment, approximately 9% more of Lake Lanier’s total
capacity will be set aside for water storage-in 2002,
13.9% of the total capacity was allocated to water
supply, but under the Agreement that figure in-
creased to 22.9%. Like the majority, I also find it
noteworthy that the storage levels permitted by the
Agreement “would be the largest acre-foot realloca-
tion ever undertaken by the Corps without prior
Congressional approval.” Maj. Op. at 1324.

At oral argument, counsel for the Corps acknowl-
edged that the Settlement Agreement would increase
the amount of reservoir space allocated to storage by
approximately 100,000 acre-feet (or 10% of total
reservoir capacity), compared to the status quo prior
to the Agreement. Tr. of Oral Arg. at 43:20. Counsel
then conceded that a permanent reallocation of 10%
of the reservoir’s capacity would constitute a “major
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operational change.” Id. at 49:08. In a letter dated
December 13, 2007, the Corps attempted to retract
this concession, noting that it was “in error.” But the
logic of this concession was ineluctable. The Corps
argued, however, that even if a permanent realloca-
tion of 10% of the reservoir would be deemed “major,”
the Settlement Agreement does not require Congres-
sional approval because it is only an interim meas-
ure. That is not persuasive. The requirements of the
Water Supply Act apply to “major structural or
operational changes”-the text of that statute draws
no distinction between interim and permanent
changes.

The Corps argues that the burden was on Florida
and Alabama to show that the Settlement Agree-
ment was unlawful, and that the plaintiffs-
appellants failed to offer sufficient evidence to meet
this burden. But as explained above, the record-
including the Corps’ own documents-shows that the
Agreement would allocate an additional 95,398 acre-
feet of reservoir capacity to water storage, and would
increase the share of the reservoir allocated to water
storage from 13.9% to 22.9%. I simply do not see how
we can conclude that is not a major change.
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INTRODUCTION 

 The State of Florida (“Florida”) and the City of Apalachicola (“the City”) 

(collectively the “Florida Parties”), 1/ hereby oppose the State of Georgia, Water Supply 

Providers, Lake Lanier Association, and Gwinnett County, Georgia’s (collectively the 

“Georgia Parties”) Motion for Summary Judgment on Phase 2 Claims and Brief in Support, 

DE 307 (“Ga. Br.”), as well as the Georgia Parties’ Factual Appendix in Support of Motion 

for Summary Judgment on Phase 2 Claims, DE 308 (“Ga. FA”).  The Florida Parties also 

oppose City of Columbus and Columbus Water Works’ (“Columbus”) motion for summary 

judgment on Phase 2 claims and related memorandum, to the extent it raises arguments that 

were disposed of in this Court’s Phase 1 Order. 2/ 

 The Georgia Parties’ Motion, Brief, and Factual Appendix generally support the 

determination made in the 2008 Biological Opinion (“BiOp”) of the U.S. Fish & Wildlife 

Service (“FWS” or the “Service”) that the United States Army Corps of Engineers (the 

“Corps”) did not violate Section 7 of the Endangered Species Act, 16 U.S.C. § 1531 et seq. 

                                            
1/ Citations to the Florida Parties’ Joint Motion and Memorandum in Support of Joint Motion 
for Summary Judgment on Phase 2 Claims (DE 309) (“Motion”) appear as “Fla. Br. at ___”.  
Citations to the Florida Parties’ Factual Appendix in Support of Joint Motion for Summary Judgment 
on Phase 2 Claims (DE 310) appear as “Fla. FA2 ¶ __”.  Citations to the Phase 2 Administrative 
Record appear as “Doc. No. 1, FWS AR Page ___” (FWS documents), “GAII000001-___” (Georgia 
II documents), “Doc. 1, ____” (USACE documents) or “Doc. 1, USACE PH 1 AR ___” (USACE 
documents) as each document is so stamped by the Federal Defendants in the administrative record.  
See Order dated November 2, 2009, DE 297 at 7.  Citations to the Phase 1 Administrative Record 
appear as “ACF___” or “SUPPAR___” as each document is so stamped by the Federal Defendants in 
the administrative record.  All other citations adhere to bluebook standards or as indicated in any 
stipulation related to such document. 

2/ To the extent the Florida Parties do not address assertions in the other parties’ briefs or 
factual appendices, such omission should not be construed as a concession or endorsement. 

Case 3:07-md-00001-PAM-JRK   Document 324   Filed 02/10/10   Page 6 of 51 PageID 7987



 

   
  

2

(the “ESA”) in implementing its Revised Interim Operations Plan (“RIOP”) 3/, but claim that 

the Service erroneously found the Corps’ operations would result in an incidental “take” of 

the Apalachicola Species, 4/ arguing that the Apalachicola Species instead suffered “natural 

mortality.”  The Georgia Parties support the unlawfully narrow scope of agency action 

considered in the consultation, and endorse the Federal Defendants’ use of a uniformly-

rejected, so-called “comparative analysis” rather than the aggregate analysis required by 

Federal regulations and case law.  The aggregate analysis requires the Service and the Corps 

to take a holistic view of the ACF Basin and the discretionary activities of the Corps in order 

to ensure the survival and recovery of listed species and the preservation of critical habitat.  

Upon that all-embracing assessment, the ESA imposes on the Corps, as stated by counsel for 

the Corps in one of these Multidistrict Litigation (“MDL”) cases, “an affirmative obligation 

to go out and do whatever is required to protect the species[.]”  Transcript of Hearing on 

Florida’s Renewed Motion for Temporary Restraining Order on July 24, 2006, DE 507, Case 

No. 90-cv-1331 (N.D. Ala.) (“7/24/06 Hrg. Tr.”), at 113; see also infra footnote 29 and 

accompanying text. 

 In arguing that the Service erroneously found incidental “take,” and that everything 

and anything but the Corps’ operations cause the demise of the Apalachicola Species, the 

Georgia Parties mischaracterize the facts.  The Florida Parties will not respond to every 

                                            
3/ The term “RIOP” incorporates the Corps’ Interim Operations Plan (“IOP”) submitted to the 
Service on March 7, 2006 and its subsequent modifications, including the RIOP upon which the 
subsequent 2008 BiOp is based.  See Fla. FA2 ¶¶ 383-945. 

4/ The Apalachicola Species are those endangered and threatened species inhabiting the 
Apalachicola River, including the threatened Gulf sturgeon and two mussel species, the endangered 
fat threeridge and the threatened purple bankclimber. 
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factual mischaracterization of the Georgia Parties, and will instead only address those 

relevant to our Argument.  The Florida Parties do, nevertheless, here raise the Georgia 

Parties’ most egregious mischaracterization: that respecting the “natural” flows of the river.   

 The Georgia Parties argue that the Corps’ hypothetical, imaginary construct, referred 

to in the 2008 BiOp as run-of-river (“RoR Model”), should have been employed as the 

environmental baseline against which the RIOP should have been compared to demonstrate a 

net benefit to the Apalachicola Species.  The Georgia Parties characterize this RoR Model as 

a “natural” flow, despite the Service’s clear statement to the contrary and the BiOp’s 

acknowledgement that the RoR Model was designed to isolate the impact of upstream 

consumptive uses.  Rather than illustrating what a “natural” hydrograph would provide, the 

RoR Model deducts from simulated flows all consumptive uses, inter-basin transfers, as well 

as the evaporation from the large number of man-made reservoirs in the ACF Basin, reducing 

the simulated flows in the RoR Model far below what could accurately be considered 

“natural” flows and, in certain circumstances, by over 50%. 5/  Comparison of the RIOP 

impacts to those associated with RoR Model flows thus artificially portrays the Corps’ RIOP 

as a benefit for the Apalachicola Species and their habitat, when, in fact it, and the Corps’ 

1989 draft Water Control Plan (“WCP”) of which it is a modification, are contributing to the 

decline of the Apalachicola Species and adverse modification of their critical habitats. 

 By advocating use of the RoR Model as a baseline, the Georgia Parties ask this Court 

to dictate that the Service effectively grandfather in all upstream water uses when the Basin’s 

                                            
5/ In depicting typical flows in a dry month, the BiOp illustrates that consumptive uses and 
evaporation reduced flows from June 2000 by 52%.  See Doc. No. 510, FWS AR Page 013638.  
These reduced June 2000 flows, according to model description, were incorporated into and become 
part of the RoR Model.  Id. at FWS AR Pages 013610-13. 
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water resources are strained.  Contrary to the Georgia Parties’ arguments, the ESA was 

established to provide for the survival and recovery of the species—not to facilitate their 

extinction. 

ARGUMENT 

 At the outset, the Georgia Parties agree with the Service’s determination that the 

Corps’ RIOP is not, in the words of ESA Section 7(a)(2), “likely to jeopardize the continued 

existence of any endangered species or threatened species or result in the destruction or 

adverse modification of habitat of such species.”  See 16 U.S.C. § 1536(a)(2).  The Service’s 

error in reaching this conclusion was addressed in the Florida Parties’ Motion.  See Fla. Br. at 

36-46.  The Georgia Parties then attack the Service’s authority and rationale for issuing an 

Incidental Take Statement (“ITS”) that allows the Corps to “take” certain numbers of the 

Apalachicola Species while concurrently requiring the Corps to implement terms and 

conditions to minimize such “take.”  In so doing, they advance several legal arguments, each 

deeply flawed in its logic and contrary to settled principles governing implementation of the 

ESA. 

Before addressing the Parties’ differences, however, we note several facts and legal 

principles on which the Georgia and the Florida Parties agree: 

o Flow in the Apalachicola River is controlled by the combined operation of 
five upstream Corps reservoirs (not just releases from Woodruff Dam), Ga. 
FA ¶ 9; Ga. Br. at 3, and those operations are conducted pursuant to the WCP.  
Ga. Br. at 8. 

 
o The listing of the Apalachicola Species and designation of their critical habitat 

triggered the Corps’ obligation for Section 7 consultation with regard to the 
effects of their ACF reservoir operations on the Species.  Ga. Br. at 8. 
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o When determining whether the Corps’ operations will jeopardize species, 
adversely modify their critical habitat, or result in “take,” the Corps’ ongoing 
discretionary actions cannot be included in the “environmental baseline.”  Ga. 
Br. at 25. 

 
o In examining the environmental impacts of the Corps’ ACF operations, the 

1989 WCP and the RIOP must be “taken together” and analyzed as a single 
operational plan.  Ga. Br. at 41. 

 
While the Georgia and the Florida Parties agree on the forgoing, they differ as to what 

the ESA requires of the Corps as a consequence.  As the Florida Parties demonstrated in our 

Motion and the Georgia Parties indirectly concede, 6/ the ESA requires the Federal 

Defendants to evaluate the 1989 WCP and the RIOP collectively as part of a single action.  

This single action must be considered in the context of an already degraded environmental 

baseline and myriad cumulative impacts, including diminished flows attributable to upstream 

consumption.  Using this “aggregate” analysis, it becomes apparent that the Corps’ action 

(when properly defined) is not in accordance with the needs of the Apalachicola Species and 

their designated critical habitat.  Had FWS analyzed the effects of the 1989 WCP and RIOP 

together with the environmental baseline and cumulative impacts as required by law, it would 

have concluded that the adverse impact of the Corps’ ongoing reservoir operations has been 

much greater than that analyzed pursuant to Section 7 in the challenged BiOp. 7/ 

                                            
6/ As explained in Section I.A. below, the scope of a NEPA analysis, which the Georgia Parties 
agree should have included the entirety of the Corps’ operations, including at a minimum the 1989 
WCP, applies with equal force to the Federal Defendants’ obligations under the ESA. 

7/ The Florida Parties are not responsible for conducting the Section 7 analysis, and do not here 
attempt to determine what the outcome of such a consultation should be.  While we believe a proper 
Section 7 analysis would result in violations of the “no jeopardy” and “no adverse modification” 
prohibitions, consistent with the APA, the Florida Parties seek only a remand of the BiOp, with 
instructions for a proper consultation, including use of an “aggregate analysis.” 
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In contrast, the Georgia Parties contend that the perilous condition of the 

Apalachicola Species is due to anything but the Corps’ reservoir operations, and therefore, 

the Corps has no obligations under the ESA.  The Georgia Parties reach this remarkable 

result by advocating application of a discredited so-called “comparative approach” that 

evaluates only the incremental impact of the RIOP in isolation from the 1989 WCP and 

cumulative impacts.  The Georgia Parties argue all Corps reservoir operations (their so-called 

“Regulated Condition”) 8/ must be seen as beneficial to the listed species because, when 

compared with the RoR Model as a baseline, both the Regulated Condition and the RIOP 

result in modeled flows that appear to improve habitat conditions in the Apalachicola River.  

This argument assumes that the impacts of the Corps’ actions are to be segregated from their 

context (although the Georgia Parties later concede that the 1989 WCP and the RIOP should 

be “taken together”), and that federal agencies need only address the incremental effects of 

their actions.  If accepted, this position would turn the ESA on its head and effectively 

exempt the Corps from meaningful ESA compliance in the ACF Basin and elsewhere. 

 As shown below, the Georgia Parties’ argument fails, because it: (1) erroneously 

endorses the unlawfully narrow delineation of the “agency action” on which the Corps and 

the Service chose to consult; (2) relies on the so-called “comparative approach” that has been 

rejected by the courts and defies reason; and (3) argues for a construct of an environmental 

baseline that bears no relation to reality or the requirements of the Service’s regulations.  By 

                                            
8/ The “Regulated Condition” is what the Service utilizes as the Baseline in the BiOp, and 
consists of the observed flows of the river from calendar years 1975-2007 or, in other words, the 
observed flows “since the full complement of the Corps’ reservoirs were completed.”  Doc. No. 510, 
FWS AR Page 013610.  The “Regulated Condition” is dominated by operational changes articulated 
in the 1989 WCP.  See, e.g., Phase 1 Order at 1331-33. 

Case 3:07-md-00001-PAM-JRK   Document 324   Filed 02/10/10   Page 11 of 51 PageID 7992



 

   
  

7

employing a lawful scope of the agency action, and by utilizing the required aggregate 

analysis, a proper biological opinion likely would conclude that the Corps’ shift in reservoir 

operations to support water supply, see Phase 1 Order at 1333, embodied in its 1989 WCP (as 

adjusted by the RIOP), has been a significant cause of jeopardy to the listed species, has 

adversely modified their critical habitat, and stands as a formidable barrier to their 

recovery. 9/ 

 Finally, in keeping with their “comparative approach,” the Georgia Parties contend 

the Corps cannot be seen as causing incidental “take” when it reduces flows in the 

Apalachicola River to 4,500 cfs under the RIOP, thereby killing thousands of protected 

mussels, because the Service did not prove that such flow reductions were caused solely by 

Corps’ operations.  This argument reverses the ESA’s concepts of causality and defies the 

clear distinction between causation under ESA Section 7 and ESA Section 9.  

First, the Georgia Parties’ causation arguments have no place in the Section 7 

context. 10/  Rather, under Section 7, the Service is required to determine whether 

“jeopardy” or “adverse modification” will result from the aggregate of the “agency action” 

                                            
9/ As described in our Motion, a comparison of pre-WCP flows to post-WCP flows during 
drought conditions demonstrates that decreased flows since the implementation of the WCP have 
caused a 91% reduction in floodplain habitat during the April-May reproductive period; a 100% 
reduction of minimal slough connection during the secondary spawning and host fish nursery season; 
an 80% loss of connection of Swift Slough (a key slough which supported a large mussel population) 
during the low-flow season; a 78% loss of inundation of suboptimal Gulf sturgeon spawning habitat 
during spawning season; and a 90% loss of tolerable salinity levels in the Apalachicola Bay during 
the low-flow season.  Fla. Br. at 13-17, 45-46; see also Fla. FA2 ¶¶ 149-72.  

10/ We note that, although the Georgia Parties label their causation argument as a challenge to 
the Service’s ITS issued pursuant to Section 9, in their conclusion, the Georgia Parties request that the 
Court hold the Service used the wrong standard of causation to determine that the Corps actions 
resulted in “adverse effects,” which is a Section 7 analysis.  GA Br. at 48.  As described in detail 
below, the concept of “causation” that the Georgia Parties advocate is inapplicable in the Section 7 
context, as well as inappropriate in a Section 9 analysis.   
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and its “effects” (both direct and indirect) together with environmental baseline conditions 

and cumulative impacts.  In a Section 7 analysis, an acting agency will be found to have 

caused “jeopardy” or “adverse modification” when the agency fails to exercise its discretion 

to reduce or prevent the resulting effects.  The concept of “causation” put forth by the 

Georgia Parties simply does not apply in the Section 7 context. 

Second, to the extent causation is an element in the context of Section 9, the Corps’ 

operations need not be the sole cause of the Apalachicola Species’ imperilment in order to be 

a cause of their decline.  Rarely do complex events have single causes.  There is no question 

that the Corps’ ACF reservoir operations are among the causes of the Apalachicola Species’ 

decline and are continuing to adversely affect those species.  Doc. No. 510, FWS AR Pages 

013524, 013539, 013657-64.  This is all that is required to impose on the Corps an obligation 

to avoid “taking” members of the Apalachicola Species.  Fundamentally, flow reductions 

under the RIOP will not occur unless the Corps affirmatively decides to curtail releases from 

conservation storage in upstream reservoirs.  The Corps’ decision to store water upstream is 

largely dictated by its Action Zones in the 1989 WCP (which have never been subjected to 

formal ESA consultation).  As long as conservation storage remains available in those 

reservoirs, the Corps is making discretionary decisions to retain it or release it, and the 

Corps’ decision to retain that storage upstream so as to reduce releases at Woodruff Dam 

below 5,000 cfs must be seen as a cause of resulting mussel mortality. 

In advocating their distorted notions of agency action and causation, the Georgia 

Parties, through their motion, seek only to ensure that the WCP’s impact on the Apalachicola 

Species will never be reviewed by the Service and that what minimal operations are in place 
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to send flows for the benefit of the Apalachicola Species are diminished.  To achieve their 

desired result, the Georgia Parties ask this Court to depart from the ESA’s statutory 

provisions, FWS’s regulations, applicable case law and the foundational purpose of the ESA.  

That purpose is not just to protect the Apalachicola Species from extinction, but also to 

facilitate their recovery. 

I. The ESA Requires a Comprehensive Analysis of the Corps’ ACF Operations 

A. The Scope of the Agency Action Was Unlawfully Narrow 

 All of the Georgia Parties’ ESA arguments are premised on the proposition that the 

Federal Defendants lawfully limited their consultation to the RIOP (and its variations) rather 

than the Corps’ comprehensive, basin-wide reservoir operations conducted under the WCP, 

within which the narrow RIOP is confined.  Ga. Br. at 23 (equating “effects of the action” 

with “reservoir operations under the RIOP”).  But as our Motion shows, the ESA, its 

implementing regulations and extensive and uniform case law confirm that the Corps has a 

duty to consult on its entire action, not merely some segmented portion of it, and that the 

Service must insist that this be done even if the Corps proposes an inappropriately narrow 

scope of the consultation.  See Fla. Br. at 24-31.  The Georgia Parties’ various arguments 

concerning the environmental baseline are premised on this fundamental flaw in the 

consultation itself. 

 Given this threshold error, it is ironic that the Georgia Parties—and indeed the other 

parties that have addressed ESA issues in the briefing thus far—agree about most of the legal 
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building blocks supporting the conclusion that this consultation was unlawfully narrow. 11/  

First, the Georgia Parties accept that all federal agencies must enter into consultation “before 

undertaking any discretionary action that ‘may affect’ a listed species or its critical habitat.”  

Ga. Br. at 19.  Second, the Georgia Parties argue, and thus concede, that the Corps’ reservoir 

operations are discretionary within the meaning of the ESA.  Ga. Br. at 25.  Third, the 

extensive record in this case, including the Service’s listing decisions and its critical habitat 

designations, establish beyond doubt that the Corps’ discretionary reservoir operations not 

only “may affect” the Apalachicola Species, but rank among the principal causes of their 

decline.  See, e.g., Fla. FA2 ¶¶ 146-344.  Finally, the Service has repeatedly demanded that 

the Corps consult on its entire reservoir operating regime, pointing out the pressing need to 

do so because of impacts on the Apalachicola Species, 12/ and the Corps has agreed that it 

will do so following unspecified future revisions, Fla. FA2 ¶¶ 353, 390, 648, 775, 788, 790, 

934, confirming their view that the scope of mandatory ESA consultation must be far broader 

than has occurred thus far. 

                                            
11/ Alabama, in its Motion for Partial Judgment on All Phase 2 Claims and Supporting 
Memorandum (“Ala. Br.”), correctly argues that the Service’s limitation of the scope of the agency 
action is in contravention of the ESA and is arbitrary and capricious.  Ala. Br. at 17-23.  Alabama 
accurately observes that an evaluation of the modification of the WCP, i.e. the RIOP, cannot be 
adequate without the evaluation of the underlying WCP.  Id. 

12/ The Service made repeated requests of the Corps to initiate consultation, including, for 
example, on August 10, 2000, Fla. FA2 ¶ 356; on August 12, 2002 (advising “the Corps not to wait 
before initiating consultation on the existing water control operations, especially in light of new 
information related to possible impacts to sturgeon spawning habitats,” Fla. FA2 ¶ 362); in October 
2002 (receiving the Corps’ agreement to consult “on the effects of current water control operations on 
the Gulf sturgeon spawning activities,” Fla. FA2 ¶ 365); and again in May 2005 (reminding the Corps 
that because no formal consultation had taken place, “any takings due to discretionary actions by the 
Corps would be considered an unauthorized taking under the [ESA],” Fla. FA2 ¶ 377).  See generally 
Fla. FA2 ¶¶ 348-82. 
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 The Georgia Parties also confirm that the scope of this ESA consultation was 

unlawfully narrow.  In their extensive discussion of requirements for agency analysis under 

the National Environmental Policy Act (“NEPA”), 42 U.S.C. § 4321, et seq., they state that: 

NEPA requires the preparation of an EIS before undertaking any 
‘major Federal action[ ] significantly affecting the quality of the 
human environment.’  Reservoir operating plans clearly trigger this 
requirement . . . .  The Corps has never done this for the ACF 
Basin.  It has never completed an EIS for any aspect of its ACF 
reservoir operations.  It did not do an EIS for the 1989 Water 
Control Plan . . . or any other operating plan.  Whatever the 
reasons for this failure, it is a clear violation of NEPA. 
 

Ga. Br. at 34-35.  The Georgia Parties further clarify that the 1989 WCP and the IOP/RIOP 

must be “taken together.”  Ga. Br. at 41. 

 As the Eleventh Circuit instructs in Florida Key Deer v. Paulison, 522 F.3d 1133 

(11th Cir. 2008), the required scope of NEPA analysis applies with equal force to the Federal 

Defendants’ obligations under the ESA.  In Key Deer, the Eleventh Circuit considered the 

scope of consultation requirements under ESA Section 7(a)(2) with respect to the National 

Flood Insurance Program (“NFIP”) administered by the Federal Emergency Management 

Agency (“FEMA”).  Key Deer, 522 F.3d at 1141-44.  That Court held:  “[t]his statutory and 

regulatory framework for determining when an agency action requires Section 7(a)(2) 

consultation is materially indistinguishable from the framework of the National 

Environmental Policy Act . . . considered by the Supreme Court in Department of 

Transportation  v. Public Citizen, 541 U.S. 752 . . . (2004).”  Id. at 1143 (emphasis added).  

Relying on Public Citizen, the court concluded that ESA Section 7(a)(2) consultation is 

required, just as NEPA analysis is required, whenever the action agency has the authority to 

conduct its program in a fashion that addresses adverse effects on the listed species, or in the 
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NEPA context, on the environment.  Id. at 1144.  In contending that a comprehensive NEPA 

analysis was “clearly” required for all of the Corps’ “reservoir operating plans,” (Ga. Br. at 

34-35), the Eleventh Circuit tells us that the Georgia Parties have conceded that ESA 

consultation for those plans likewise was required. 

 Because the Corps and the Service have violated their duties to properly consult on 

the entire agency action in a timely fashion, 13/ the resulting unlawful BiOp can hardly serve 

as a springboard for the Georgia Parties’ attacks on the Service’s analytical baseline.  As we 

demonstrate below, and as discussed in our Motion, see Fla. Br. at 36-46, the Federal 

Defendants have (1) placed the major portion of the relevant agency action into their baseline 

and (2) avoided consultation on that portion by employing a comparative analysis rather than 

the required aggregate approach.  Consequently, the Georgia Parties’ arguments about a 

proper baseline for analyzing the remaining, minor portion of the action (RIOP impacts) are 

simply untenable. 14/ 

                                            
13/ Section 7 consultation should occur “at the earliest possible time” and should not, as in this 
case, be unlawfully delayed.  See In re: Am. Rivers & Idaho Rivers United, 372 F.3d 413, 419 (D.C. 
Cir. 2004) (agency’s failure to respond to petition to initiate Section 7 consultation for six years 
constitutes unreasonable delay); Center for Biological Diversity v. Leavitt, No. C 02-01580JSW, 2005 
WL 2277030, *5 (N.D. Cal. Sept. 19, 2005) (finding Section 7 violation where EPA failed to review 
the impact of pesticide registrations on threatened species, and observing that “such review to 
commence nearly 10 years after the listing of the species does not appear to be the ‘earliest possible 
time’” required by the ESA regulations); Silver v. Babbitt, 924 F. Supp. 976, 986 (D. Ariz. 1995) 
(BIA action that “allowed continuation of timber harvest activities . . . despite the lack of . . . 
consultation with the FWS” violates ESA); see also Fla. Br. at 26, 65-67. 

14/ In advocating for the hypothetical, imaginary RoR Model as a baseline, the Georgia Parties 
argue that discretionary federal actions, such as operations under the draft WCP, “must be excluded 
from the baseline.”  Ga. Br. at 25 (emphasis added).  But if this be so, then, those same discretionary 
federal actions, which have not undergone Section 7 consultation, should a fortiori be included in the 
agency action.  50 C.F.R. § 402.02.  In either case, they must be considered in the consultation. 
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B. The BiOp Is Irreparably Flawed By Its Unlawful Comparative Analysis 

 Compounding their erroneous view of the scope of agency action for consultation, the 

Georgia Parties then argue that the effects of the action should be compared with baseline 

effects.  Ga. Br. at 23-24.  This position has been rejected by the courts.  As we demonstrated 

in our Motion, the case law demands an aggregate approach under which the effects of the 

action, together with baseline effects, must form the basis for the Service’s Section 7(a)(2) 

analysis.  Fla. Br. at 28-29, 40-46.  The Service itself confirms that: 

The conclusion section [of a biological opinion] presents the 
Services’ opinion regarding whether the aggregate effects of the 
factors analyzed under “environmental baseline,” “effects of the 
action,” and “cumulative effects” in the action area – when viewed 
against the status of the species or critical habitat as listed or 
designated – are likely to jeopardize the continued existence of the 
species or result in destruction or adverse modification of critical 
habitat. 

 
Consultation Handbook at 4-31, Doc. No. 314, FWS AR Page 7490 (emphases added). 15/  

 The Georgia Parties cite the Service’s regulations and two judicial opinions—

Miccosukee Tribe of Indians of Fla. v. U.S. Fish & Wildlife Serv., 566 F.3d 1257 (11th Cir. 

2009) and In re: Operation of the Missouri River Sys. Litig., 421 F.3d 618 (8th Cir. 2005) 

(“Missouri River”)—in support of their contrary position.  Ga. Br. at 23.  None of these 

authorities advances their position. 

 First, the Georgia Parties point to the regulatory definition of “effects of the action” at 

50 C.F.R. § 402.02, claiming that it requires consideration of such effects “in relation to” the 

                                            
15/ As noted in our Motion, the Eleventh Circuit has confirmed that the Consultation Handbook 
has the force of a regulation.  See Fla. Br. at 27 n.15 (citing Miccosukee Tribe of Indians of Florida v. 
U.S. Fish & Wildlife Serv., 566 F.3d 1257, 1273 (11th Cir. 2009) concluding that the Handbook is 
entitled to Chevron deference). 
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environmental baseline.  Id.  The regulation does no such thing.  To the contrary, it plainly 

and expressly requires the Service to examine effects “that will be added to the 

environmental baseline.”  Id. (emphasis added).  As the Service explains in its Handbook, 

quoted above, this means that the analysis of whether there will be jeopardy or adverse 

modification of critical habitat must consider the aggregate effects of the baseline added to 

the agency action, not the latter in relation to the former. 16/ 

 In Nat’l Wildlife Fed’n v. Nat’l Marine Fisheries Serv., 524 F.3d 917 (9th Cir. 2008), 

the Ninth Circuit considered and explicitly rejected the argument asserted here by the 

Georgia Parties, which had been advanced there by the National Marine Fisheries Service 

(“NMFS”).  Relying on 50 C.F.R. § 402.02—the same provision underlying the Georgia 

Parties’ position here—NMFS asserted that “it may satisfy the ESA by comparing the effects 

of proposed [reservoir] operations on listed species to the risk posed by baseline conditions.”  

Id. at 930.  The court held NMFS’s “comparative analysis” to be incompatible with the ESA, 

explaining that the aggregate approach was mandated by the regulations: 

[The ESA] simply requires that NMFS appropriately consider the 
effects of its actions “within the context of other existing human 
activities that impact the listed species.”. . . This approach is 
consistent with our instruction . . . that “[t]he proper baseline 
analysis is not the proportional share of responsibility the federal 
agency bears for the decline in the species, but what jeopardy 
might result from the agency’s proposed actions in the present and 
future human and natural contexts.”  Pac. Coast Fed’n, 426 F.3d 
at 1093 (emphasis added). 
 

                                            
16/ The Georgia Parties also cite 50 C.F.R. § 402.14(g) for support.  However this provision, 
which describes the Service’s responsibilities during formal consultation, says nothing about a 
“comparative analysis.”  
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Id. (citations omitted); see also Aluminum Co. of Am. v. Adm’r, Bonneville Power Admin., 

175 F.3d 1156, 1162 & n.6 (9th Cir. 1999) (agency may not simply “stay the course” when 

more is required to avoid jeopardy and adverse modification); see also California 

Sportfishing Prot. Alliance v. F.E.R.C., 193 Fed. Appx. 655 (9th Cir 2006).  As we explained 

in our Motion, other courts addressing this issue have reached the same conclusion.  Fla. Br. 

at 42-44. 

 Nor do the decisions cited by the Georgia Parties lend support to their position.  In 

Miccosukee, the Tribe criticized the Service for failing to analyze aggregate impacts, but the 

court found, “[t]o the contrary,” that the BiOp did precisely that in its extensive consideration 

of impacts caused by prior and ongoing activities.  Miccosukee, 566 F.3d at 1268-69.  The 

Eleventh Circuit accepted that the Service should consider aggregate impacts and held that 

the Service had sufficiently done so. 

 Turning to Missouri River, the parties there never asked the Eighth Circuit to decide 

whether the ESA requires a comparative analysis or an aggregate approach.  As this was not 

an issue in the case, that court’s discussion of baseline considerations, 421 F.3d at 632, 

merely accepted the Service’s comparative analysis as an unchallenged facet of the case. 

 Moreover, the Eighth Circuit evaluated a Corps-Service consultation that differed 

fundamentally from the circumstances here.  That litigation exhaustively examined the 

Corps’ operation of an entire river system pursuant to formally adopted master manuals and 

updates that served congressionally authorized purposes.  All Corps operations were included 

in the agency action subject to ESA consultation.  Consequently, the Service’s evaluation of 
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proposed system-wide operations in relation to a baseline 17/ had the effect of analyzing the 

aggregate impact of all discretionary actions implemented by the Corps.  Here, the Service’s 

comparison of RIOP impacts with the impacts of a regulated-condition baseline has the 

opposite effect—instead of aggregating the effects of Corps actions and other impacts, it 

omits from the jeopardy analysis any evaluation of the Corps’ ongoing, basin-wide 

operations that will continue to affect the species.  As discussed above, a comparison of the 

effects of their narrow RIOP action with a baseline is unlawful; only an aggregate analysis 

can properly capture the overall effects on the species of all of the Corps’ discretionary 

actions. 

 Finally, the Eleventh Circuit’s application of the law and common sense in Key Deer 

supports an aggregate analysis.  As noted, the Eleventh Circuit decided that the scope of ESA 

consultation is co-extensive with an action agency’s discretion to avoid adverse impacts to 

the species and their habitats.  Key Deer, 522 F.3d at 1144.  Just as NEPA requires analysis 

of all of the Corps’ discretionary operations throughout the ACF Basin, as the Georgia 

Parties accept and agree, the ESA demands a consultation that addresses all of those 

comprehensive, basin-wide operations.  See id. at 1143-44.  Comparing a narrow slice of 

operations at Woodruff Dam to an arbitrary baseline comes nowhere near meeting these 

requirements. 

C. The RoR Model Is Not A Proper Environmental Baseline 

 The Georgia Parties argue at length that the Service employed an improper 

environmental baseline.  Ga. Br. at 23-27.  However, until the Federal Defendants consult on 

                                            
17/ As discussed below, the Eighth Circuit also did not hold, as the Georgia Parties suggest, that 
a run of the river baseline is required for ESA consultations involving reservoir operations.  

Case 3:07-md-00001-PAM-JRK   Document 324   Filed 02/10/10   Page 21 of 51 PageID 8002



 

   
  

17

the proper scope of agency action, nothing is gained by parsing arguments about the 

appropriate baseline for evaluating the narrow RIOP action unlawfully considered here.  

Consideration of an appropriate baseline is overwhelmed by the choice of a proper analytical 

approach.  Using the proper aggregate approach, as mandated by the Service’s Handbook 

and the case law, entails adding baseline effects to the impacts expected from a proposed 

action in order to assess the issues of jeopardy and destruction or adverse modification in a 

current, real-world context.  Whether the impact of a discretionary action is included in the 

baseline or evaluated as part of the action under review has no effect on whether it is 

considered via the consultation in making these important decisions. 18/  By contrast, the so-

called “comparative approach” places great weight on the definition of the baseline, as it 

allows the Service to assign significant impacts to the baseline, artificially segregating them 

from the action being evaluated, and to regard the agency’s residual action as minor by 

comparison, as it has done here.  Such segregation is unacceptable.  

 Semantic arguments over what constitutes “baseline” can hardly overcome the fact 

that the very purpose of the ESA has been thwarted by an outcome that threatens the 

extinction of the Apalachicola Species.  The evidence compiled by the Service in the BiOp 

makes abundantly clear that the Corps’ reservoir operations over the past several decades (as 

“tweaked” by the RIOP) have: 

                                            
18/  This is not to imply that the baseline is irrelevant.  In a circumstance such as this, however, 
where the agency failed to consult on a past, yet ongoing, discretionary action (i.e., it violated the law 
by failing to consult when legally required to do so), the baseline loses its utility since the past, 
unconsulted discretionary action by definition cannot be part of the baseline, yet is not facially 
included in the proposed agency action.  Failing to require consultation on the agency’s ongoing 
action along with the proposed agency action would allow ongoing discretionary actions to escape 
review, and would thwart the purposes of the ESA. 
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o Killed thousands of supposedly protected mussels and promise to kill more.  
Fla. FA2 ¶¶ 428-40, 846-78, 900-01. 

 
o Devastated an important subpopulation (Swift Slough), securing the viability 

of which was the cornerstone of the Service’s so-called “recovery” plan.  Fla. 
FA2 ¶¶ 275-82, 312-15, 428-40. 

 
o Damaged important components of mussel critical habitat.  Fla. FA2 ¶¶ 156-

62, 293-311, 879-93.  
 
o Substantially degraded critical habitat for the Gulf sturgeon by reducing flows 

during the important spawning season, thereby reversing the Service’s stance 
that such areas should receive “maximum protection.”  Fla. FA2 ¶¶ 163-71, 
233-35, 243-46, 281; GAII000677-78. 

 
A proper Section 7 analysis would start with these determinations, not an arbitrary baseline 

definition, and then determine the extent to which the Corps’ discretionary reservoir 

operations might be changed to reduce or avoid these impacts.  If operational adjustments 

can be made, then they must be.  See Key Deer, 522 F.3d at 1145-47.  Quibbles over 

comparisons to hypothetical baselines have no place in such an evaluation because the action 

agency’s legal responsibility in a Section 7(a)(2) consultation is to reduce adverse impacts on 

species and habitats to the full extent of its discretion to act, not to the extent those adverse 

impacts have been caused by its new, proposed activities as compared to impacts already 

caused by unreviewed prior conditions. 

 In their attempt to eradicate even the meager conditions placed on the Corps’ 

operations via the Service’s ITS, the Georgia Parties offer that “natural” conditions should 

serve as the baseline, and then argue that the Corps’ RoR Model is a natural condition.  As 

noted above, it most certainly is not a natural condition.  Moreover, the Georgia Parties 

mistakenly rely on decisions by the Eighth and Ninth Circuits to argue that RoR Model 

conditions must be used as the baseline in any consultation involving reservoir operations. 
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 First, the Eighth Circuit’s Missouri River decision did not hold that RoR Model 

conditions always must serve as the baseline.  Rather, it decided the very narrow question of 

whether the Service erred by excluding a specific operating parameter from the baseline.  

The Missouri and Nebraska parties had argued that the Service erred by not including in the 

baseline certain navigation-related flow requirements that (they asserted) were non-

discretionary with the Corps because those requirements were dictated by the Flood Control 

Act of 1944 (“FCA”).  Missouri River, 421 F.3d at 629, 632-33.  The MDL court had 

concluded that the FCA did not limit the Corps’ discretion in that fashion, and the Eighth 

Circuit agreed.  Id. at 629. 19/  The Court of Appeals explained that inclusion of such 

discretionary actions in the baseline would “tend to eliminate a finding of jeopardy for any 

proposed action,” id. at 632, and said:  “[a]s the district court recognized, this argument is 

essentially a different twist on the argument that the Corps has no discretion in operating the 

reservoir system.”  Id. at 633. 20/  The court’s reasoning was based on the fact that, in that 

case, the Corps was consulting on its proposal to completely replace its old 1979 Master 

Manual with a new 2004 Master Manual for the entire river system.  Id. at 625.  All aspects 

of its discretionary manual update therefore constituted the agency action, not the baseline. 

                                            
19/ These parties also argued that no ESA consultation was required for the Missouri River 
system because navigation flows were non-discretionary.  Missouri River, 421 F.3d at 630-31.  The 
MDL court rejected this argument, and the Eighth Circuit concurred.  Id. at 631.  

20/ As discussed above and in our Motion, Fla. Br. at 36-46, in this case the Service has done 
precisely what the Eighth Circuit rejected in Missouri River—assigned a large portion of the Corps’ 
action to the baseline.  And the results were just what the Eighth Circuit anticipated and 
disapproved—adverse impacts were assigned to the baseline so as “to eliminate a finding of jeopardy 
for any proposed action.”  Missouri River, 421 F.3d at 632; see also Nat’l Wildlife Fed’n, 524 F.3d at 
928-29 (finding that jeopardy cannot be avoided by game-playing tactics such as inappropriately 
labeling discretionary actions). 
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 In two fundamental respects, the consultation here differs dramatically from the 

situation in Missouri River.  First, most of the Corps’ discretionary action—its operation of 

the upstream reservoirs pursuant to the draft 1989 WCP—is excluded from the action subject 

to this consultation, whereas in Missouri River it was the focus of the consultation.  Second, 

whereas in Missouri River the Corps had discretion under the FCA to operate the Missouri 

River system for all of the purposes captured by its master manuals (and thus those 

operations were excluded from the baseline), this Court has determined that the Corps has 

been operating primarily to serve unlawful purposes that are outside its discretion because 

they were not authorized.  As we demonstrated in our Motion, post-WCP flow reductions in 

the Apalachicola River have resulted in substantial loss of the Apalachicola Species and 

critical habitat.  Fla. Br. at 45-46; see also supra footnote 9.  And yet, unlike Missouri River, 

where all discretionary action was subject to consultation, here even the Corps’ ultra vires 

conduct was excluded from consultation by both the Corps and the Service.  The Georgia 

Parties’ reliance on Missouri River to support their RoR Model-baseline argument cannot be 

reconciled with these basic differences. 

 As we have shown, Nat’l Wildlife Federation  v. Nat’l Marine Fisheries Service 

makes clear that an aggregate approach is required and a comparative analysis is in error.  

See 524 F.3d at 929-31.  The Georgia Parties cite that decision as also sanctioning an RoR 

Model scenario.  Their reliance is misplaced.  In Nat’l Wildlife Federation, the Ninth Circuit 

held that, while nondiscretionary actions are excluded from ESA requirements, Section 

7(a)(2) consultation must include all discretionary agency actions:  “neither the ESA nor 

Home Builders permits agencies to ignore potential jeopardy risks by labeling parts of an 
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action nondiscretionary.  We cannot approve NMFS’s interpretation of this rule as excluding 

from the agency action under review discretionary agency actions taken pursuant to a broad 

congressional mandate.”  Nat’l Wildlife Fed’n, 524 F.3d at 928 (citing Nat’l Ass’n of Home 

Builders v. Defenders of Wildlife, 551 U.S. 644 (2007)).  Contrary to the Georgia Parties’ 

assertion, the Ninth Circuit did not sanction use of any run of the river model as the 

environmental baseline; it merely held that discretionary operations cannot be included in the 

baseline.  Id. at 930-31. 

 Finally, ignoring the past 20 years, during which the Apalachicola Species have been 

faced with the threat of extinction, the Georgia Parties erroneously contend that “reservoir 

operations have been good, not bad, for the species,” and that any “take” of the listed species 

must have been caused by “nature,” not the Corps.  Ga. Br. at 26-28.  To construct this 

argument, the Georgia Parties focus on the RoR Model.  But, in truth, the RoR Model is a 

hypothetical construct created by the Corps and used by the Service as a comparative 

tool. 21/  It was never what the Georgia Parties assert that it represents:  natural flow 

conditions on the River.  When the ACF Basin system operated naturally, the Apalachicola 

Species persisted; it is inappropriate to argue the Apalachicola Species are better off now.  

Having made their false representation, the Georgia Parties then compare the RoR Model to 

the RIOP and maintain the Service blamed “natural mortality” on the Corps’ incidental take.   

                                            
21/ The RoR Model is a hypothetical construct created by the Corps that the Service employed in 
order to “isolate the effects of the present level of consumptive water use on the flow.”  Doc No. 510, 
FWS AR Page 013610.  In its attempt to “isolate” consumptive uses by eliminating Corps’ operations 
from its modeling, the Service assumed that the Georgia Parties could withdraw water from Lake 
Lanier even though the Corps could not store any water under the RoR Model for their consumptive 
use.  The Service’s assumption, and the Georgia Parties’ reliance on that assumption, is contradictory, 
and thus makes no sense. 
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 As noted above, the RoR Model differs markedly from the natural flow of the river 

and was never intended to be used as a surrogate for such flows.  The Service explains that 

the RoR Model is “the constant release of basin inflow.”  Doc No. 510, FWS AR Page 

013610.  But the Service used net basin inflow, a concept that detaches its RoR Model from 

reality.  The Service says: “[b]asin inflow is not the natural flow of the basin at the site of 

Woodruff Dam, because it reflects the influences of reservoir evaporative losses, inter-basin 

water transfers, and consumptive water uses, such as municipal water supply and agricultural 

irrigation.”  Id. at FWS AR Page 013611 (emphasis added).  In other words, the Service’s 

RoR Model effectively takes natural basin inflow and subtracts Georgia’s consumptive uses 

as well as other losses (including evaporation), producing a flow regime in the Apalachicola 

River against which any scenario involving the use of storage to augment downstream flows 

(which Congress contemplated) would have to compare favorably.  The surreal nature of this 

exercise is apparent by comparing the RoR Model with the authentic natural flows of the 

River—those flows which occurred between 1929-55, prior to construction of the dams and 

prior to any flow regulation. 

 Figure 1 displays the RoR Model, the RIOP flows and the unregulated 1929-55 pre-

dam flows. 22/  There is a vast difference between this natural pre-dam flow of the river and 

the RoR Model.  Especially during the critical low-flow season when water is necessary for 

mussel survival, summer spawning and fish host nursery habitat, the pre-dam flows in the 

Apalachicola River during drought conditions were higher than the simulated flows of the 

                                            
22/ The 1929-55 observed flow data are from the USGS website, see Fla. FA2 ¶ 148(a), and the 
RoR and RIOP (Concept 6) flow data are from administrative record spreadsheets, see Doc. No. 
875.17.  The 90% exceedance flows in these three datasets were calculated by the methods described 
in the Florida Parties’ Factual Appendix.  See Fla. FA2 ¶ 148. 
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RoR Model by thousands of cfs.  And the true “natural” flows not only exceeded the RIOP 

flows by a substantial margin, but also provided the flow variation during the summer and 

fall that is absent in the virtually flat line of the RIOP flows—variation that established the 

habitat conditions on which the River’s ecology, and the listed species’ needs, were built. 23/ 

FIGURE 1 

 

 Furthermore, even using the same time period to compare so-called “natural” flows to 

the RIOP flows refutes the Georgia Parties’ contention that the Corps lacks responsibility for 

                                            
23/ Moreover, the error in treating the RoR Model as a representation of “natural” flows is 
underscored by the fact that annual precipitation in low-flow years was higher during the 1975-2007 
RoR Model period than during the 1929-55 pre-dam, unregulated period.  See Fla. FA2 ¶ 181 & 
Figure 16. 
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any “take” of the species.  Because the RoR Model assumes that M&I consumption, 

agricultural consumption and reservoir evaporation will continue unabated, it comes nowhere 

near representing what nature would provide to the Apalachicola River absent these upstream 

uses.  By adding current demands (designated as “M&I + Ag-Dry + Evap-Dry”) to the RoR 

flows, one can come closer to a “natural” condition. 24/  Figure 2 displays the RoR Model, 

the RIOP flows and the “RoR + M&I + Ag-Dry + Evap-Dry” flows. 25/  Although the “RoR 

+ M&I + Ag-Dry + Evap-Dry” underestimates “natural” flows, 26/ Figure 2 still illustrates 

that the RIOP, and not nature, consistently produces adverse effects—lower flows and lack 

of variability—to the flow regime.  

                                            
24/ M&I, Ag-Dry, and Evap-Dry data are contained in Table 4.2.1.A of the BiOp.  Doc. No. 510, 
FWS AR Pages 013611, 013633.  For purposes of this analysis, the Florida Parties do not dispute the 
underlying data contained in the BiOp. However in so doing, they do not validate the data, since, for 
example, the Florida Parties believe that evaporation is significantly understated.  

25/ The Florida Parties utilize the RoR Model and the RoR + M&I + Ag-Dry + Evap-Dry flows 
for demonstrative purposes and in no way accept the legitimacy of either flow regime.  

26/ This estimate includes evaporation from Corps model data based only on the four major 
reservoirs.  Doc. No. 510, FWS AR Page 013611.  No attempt has been made by the Corps to account 
for evaporative losses from the over 20,000 additional reservoirs, including smaller reservoirs and 
irrigation, stock and farm ponds, in the basin upstream from Woodruff or other human activity which 
is known to affect streamflow.  See Doc. No. 232, FWS AR Page 4171. 
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FIGURE 2 
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II. The Georgia Parties Drought-Causation Argument Is Erroneous and Largely 
Irrelevant 

 The Georgia Parties contend that the Service erred in concluding that incidental 

“take” would occur when the Corps’ RIOP causes flows in the Apalachicola River to be 

reduced to 4,500 cfs, thereby killing thousands of protected mussels. 27/  They argue that the 

Service failed to prove that the flow reduction and ensuing mortality would be caused by the 

Corps’ operations rather than the low-flow periods with which the RIOP was designed to 

deal.  This argument is redundant since the RIOP’s reduction of flows is not triggered unless 

low-flow periods have occurred.  In any case, however, the Service has no obligation to show 

that the Corps’ action is the only cause of mussel mortality.  While the Georgia Parties’ 

drought-causation argument, which appears to be a Section 9 argument, 28/ is premature at 

this stage of the litigation, it is nonetheless wrong. 

 At this stage, this is primarily an ESA Section 7 case, not an ESA Section 9 case.  In 

2008 the Eleventh Circuit defined “causation” in the context of ESA Section 7 and held that 

an agency action is a relevant cause of effects on a listed species if the agency—there FEMA, 

here the Corps—has any ability to prevent the effects of its action, either direct or indirect, by 

altering its operations.  See Key Deer, 522 F.3d at 1144.  The Eleventh Circuit thus clarified 

that “causation” in the Section 7 context simply depends on whether the action agency retains 

                                            
27/ The Georgia Parties also object to the Services’ conclusion that “take” of Gulf sturgeon could 
occur when flows are less than 40,000 cfs and the stage of the River falls 8 feet or more in 14 days, 
suggesting that resulting sturgeon mortality could be due to storms or other non-Corps actions.  Ga. 
Br. at 32.  As detailed below, such assertions are irrelevant since the Corps’ action—ongoing 
operation of the ACF reservoirs as a system—constitutes a cause of the flow and/or stage reductions, 
whether or not it is the principal cause. 

28/ See supra footnote 10.  
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discretion to reduce harm to listed species.  As the Federal Defendants’ attorney has made 

clear, under Section 7, the Corps is required “to take affirmative action to ensure that its 

actions are not likely to jeopardize the continued existence of the species.” 29/  After all, the 

plain intent of the ESA is “to halt and reverse the trend toward species extinction.”  Key Deer, 

522 F.3d at 1138 (quoting Tenn. Valley Auth. v. Hill, 437 U.S. 153, 184 (1978)).  The 

Georgia Parties make no mention of Key Deer, and rely only on Section 9 cases.  

Accordingly, the Georgia Parties’ causation argument greatly diverges from the Eleventh 

Circuit’s approach. 

 To the extent the Court undertakes a review of the ITS, a Section 9 “causation” 

analysis would then be relevant, but only to establish whether the Service was arbitrary and 

capricious in determining that the Corps’ actions constitute a relevant cause—and not the 

sole cause—of reduced flows and resulting species “take.”  Since Section 9 involves “harm,” 

some tort-type concept of causation is relevant to the Service’s Section 9 decisions.  But 

                                            
29/ THE COURT [JUDGE BOWDRE]:  Doesn’t the ESA, though, require the Corps in 

this instance to take affirmative action to ensure that its actions are not likely to 
jeopardize the continued existence of the species? 

MR. MAYSONETT:  It does, Your Honor, under Section 7.  I understand that the 
motion that Florida has brought solely under Section 9, which is the prohibition 
against take, and I think Mr. Wilmoth summarized them pretty well when he said 
what Section 7 requires is that the Corps do whatever is required to avoid jeopardy.  
And what Section 9 requires is the Corps avoid take…Instead they chose to proceed 
solely under Section 9.   

So that affirmative obligation to go out and do whatever is required to protect the 
species doesn’t arise under Section 9. 

* * * * 

THE COURT:  Do you disagree with Mr. Wilmoth’s argument that the Corps has an 
affirmative duty to take charge of the dams and release more water if necessary to 
protect the endangered species?   

MR. MAYSONETT:  The Corps has affirmative duties that are under Section 7. 

7/24/06 Hrg. Tr. at 112-13, 119 (emphasis added). 
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neither tort law, nor the ESA, requires an agency action to be the sole cause of harm of the 

species.  The Corps’ operations of the ACF reservoirs result in reduced flows downstream, 

and thus cause harm to the Apalachicola Species, no matter what tort-type label might attach 

to the causation of that harm. 

A. The Corps’ Actions Meet the Causation Element of Section 7 

1. Section 7 Must Be the Primary Analysis At This Stage 

 The primary analysis at this phase of this case is whether the Federal Defendants have 

completed a proper consultation pursuant to ESA Section 7.  Until a proper Section 7 

analysis has been completed, one does not know the nature or extent of any “take” that might 

occur under Section 9.  For all the reasons detailed above, the Service has yet to complete a 

proper consultation, and therefore, the Florida Parties are requesting the Court to remand to 

the Service with instructions to produce a new BiOp using the aggregate analytical approach, 

taking into consideration the Corps’ operations in the entire ACF Basin. 

 In the Section 7 context, Key Deer posed the question of whether the ESA required 

FEMA, in administering the National Flood Insurance Act, to consult with the Service and 

take action to prevent harm to the Florida Key Deer.  The Eleventh Circuit there made clear 

that both subsection 7(a)(1) and subsection 7(a)(2) have operative significance and impose 
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affirmative duties on action agencies (in our case, the Corps). 30/  With respect to the Section 

7(a)(2) duty to consult, FEMA argued that the ESA did not apply because the ESA applied 

only to discretionary acts and FEMA had no discretion not to provide flood insurance.  The 

Eleventh Circuit emphatically held FEMA did have such discretion.  Id. at 1141-43.  The 

court first stated the contention, as it related to ESA Section 7 “causation”:  

FEMA and the FWS alternatively argue that even if FEMA has the 
requisite discretion to consider the effects of its administration of 
the NFIP on listed species, the issuance of flood insurance is not a 
legally relevant “cause” of the development in the Florida Keys 
that threatens the listed species. We are not persuaded. 

    
Id. at 1143 (emphasis added).  It then said precisely why it was not persuaded: 

Here, FEMA has the authority in its administration of the 
NFIP. . .to prevent the indirect effects of its issuance of flood 
insurance by, for example, tailoring the eligibility criteria that it 
develops to prevent jeopardy to listed species.  Therefore, its 
administration of the NFIP is a relevant cause of jeopardy to the 
listed species. 

 
Id. at 1144 (emphasis added).   

 The Eleventh Circuit thus established that an agency’s discretion is the controlling 

factor, and to the extent a “causation” test exists for Section 7, the only issue is whether a 

discretionary agency action is a cause of direct or indirect effects on listed species.  In Key 

Deer, real estate development was the ultimate cause of harm to the species, but development 

                                            
30/ While Section 7(a)(2) requires consultation, “Section 7(a)(1) of the ESA imposes a separate 
obligation upon federal agencies and, in relevant part, states that all federal agencies ‘shall’ . . . 
‘utilize their authorities in furtherance of the purposes of this chapter by carrying out programs for the 
conservation of [listed species].’”  Key Deer, 522 F.3d at 1145.  The Eleventh Circuit concluded that 
it need not decide whether this statutory obligation of all Federal agencies “imposes species- or 
location-specific obligations.”  Id. at 1146.  But it was clear that “[t]otal inaction is not allowed.”  Id.  
The Georgia Parties are therefore in error in asserting: “There is no mandate [in Section 7(a)(1)] 
requiring the agency to benefit protected species to the detriment of other objectives.”  Ga. Br. at 22.  
We take Key Deer’s “obligation” to have the same meaning as “mandate.” 

Case 3:07-md-00001-PAM-JRK   Document 324   Filed 02/10/10   Page 34 of 51 PageID 8015



 

   
  

30

was facilitated by FEMA’s application of the national insurance program.  Id. at 1142.  And 

that was enough. 31/ 

 The Eleventh Circuit’s causation standard for Section 7 is founded on the 

extraordinarily strong policies underlying the statute itself.  The Supreme Court has 

emphasized that, when considering the issue of causation, “courts must look to the 

underlying policies or legislative intent in order to draw a manageable line between those 

causal changes that may make an actor responsible for an effect and those that do not.”  

Public Citizen, 541 U.S. at 767 (citations omitted).  The underlying policies and legislative 

intent behind the ESA could not be clearer.   

 The ESA’s primary purpose is “to prevent animal and plant species endangerment 

and extinction caused by man’s influence on ecosystems, and to return the species to the 

point where they are viable components of their ecosystems.”  H.R. REP. NO. 95-1625, at 5 

(1978), reprinted in 1978 U.S.C.C.A.N. 9453, 9455.  In Tenn. Valley Auth., the Supreme 

Court recognized that “[t]he plain intent of Congress in enacting this statute was to halt and 

reverse the trend toward species extinction, whatever the cost.  This is reflected not only in 

the stated policies of the Act, but in literally every section of the statute.”  437 U.S. at 184 

(emphasis added); see also Key Deer, 522 F.3d at 1138 (quoting same).  In Key Deer, the 

Eleventh Circuit concluded that, “[i]n short, the preservation of endangered species was to be 

                                            
31/ The only case cited by the Georgia Parties involving ESA Section 7 is Center for Biological 
Diversity v. U.S. Dep’t of Housing & Urban Dev., 541 F. Supp. 2d 1091 (D. Ariz. 2008).  In that case, 
the court determined that the mortgage insurance program there involved gave automatic entitlement 
to veterans and afforded the agency no discretion or control.  Id. at 1094.  That court distinguished 
Nat’l Wildlife Federation v. FEMA, 345 F. Supp. 2d 1151 (W.D. Wash. 2004), which dealt with the 
same flood insurance program as did Key Deer and reached the same result because of FEMA’s 
discretion.  Id. at 1098-99. 
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considered ‘the highest of priorities.’”  Key Deer, 522 F.3d at 1138 (quoting 16 U.S.C. 

§ 1531(b) and Tenn. Valley Auth., 437 U.S. at 184).  These considerations controlled the 

Eleventh Circuit’s definition of  Section 7 causation. 

2. The Record Demonstrates that the Corps’ Discretionary 
Operations Meet the “Causation” Test for Section 7 

 The consequences of the Corps’ discretionary actions here are clear.   The Corps’ 

operation of the ACF reservoirs are among the primary causes of the Apalachicola Species’ 

decline.  See, e.g., Fla. FA2 ¶¶ 14, 231, 232, 289, 294 (the listings); ¶¶ 324, 334 (Instream 

Flow Guidelines); ¶ 343 (USGS Report); ¶¶ 355-56, 361, 364, GAII001448-49, 

GAII005064-66, Doc. No. 90, FWS AR Pages 960-61 (FWS requests for consultation); Fla. 

FA2 ¶¶ 495, 498-99, 514-15, Doc. No. 1, FWS AR  Pages 326-29 (2006 BiOp); Fla. FA2 

¶¶ 785-89, 819-23, Doc. No. 510, FWS AR Pages 013657-64 (2008 BiOp); Fla. FA2 ¶¶ 528, 

Doc. No. 347, FWS AR Pages 9449, 9455-60, 9479 (2006 EA); Fla. FA2 ¶¶ 761-62, Doc. 90, 

at 013742-43, 013776-81, 013873-74 (2008 EA).  See also 72 Fed. Reg. at 64,310 (“Actions 

that would significantly alter the flow regime . . . include, but are not limited to, the 

construction and operation of dams, water withdrawals, water diversions . . . .”).  Indeed, the 

State of Florida informed the Service of its conclusion that the Corps’ operations jeopardize 

the continued existence of the Apalachicola Species and adversely modify their critical 

habitat, only to have its comments rejected as outside the scope of the IOP/RIOP consultation, 

which, of course, excluded the WCP.  See, e.g., Doc. No. 96, FWS AR Pages 990, 998, 1000 

(comments on IOP); GAII007829-31 (comments on RPM3); Doc. No. 473, FWS AR Pages 

012734-36 (comments on EDO); Doc. 34, 012904-05 (comments on RIOP).  The Service 

was instructed by the Corps, and accepted, that the impact of the WCP and of its Action 
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Zones in low flow periods were not to be considered.  See Fla. FA2 ¶¶ 571-74, 578-79, 590-

92. 

 Pursuant to the Eleventh Circuit’s holding in Key Deer, the operative question is 

whether the Corps has discretion to reduce effects on listed species and designated critical 

habitat.  If that discretion exists, it is the exercise of that discretion (or refusal to exercise that 

discretion) which becomes a relevant cause of any harm occasioned. 32/  Dams, including 

those on the Chattahoochee River, are built to control flows so as to impound and store water 

at time of high flows and to augment low flows when needed.  The Corps’ exercise of its 

discretion to store water upstream rather than support downstream flows was thus a direct 

and an indirect cause of impact on the Apalachicola Species.  And Key Deer teaches us that 

when discretionary agency actions adversely impact listed species or their critical habitat, 

then such impacts are the result of—caused by—those discretionary actions.   

                                            
32/ As Key Deer confirmed, this is unlike the situation in Public Citizen, where the agency there 
involved (the Federal Motor Carrier Safety Administration) had no authority to prevent the 
environmental effects at issue since it was required to authorize Mexican motor carriers that met 
certain requirements to operate in the U.S. and had no authority to prevent such operation.  See 541 
U.S. at 766-67; see also Key Deer, 522 F.3d at 1143-44 (distinguishing the situation in Public 
Citizen); accord Sierra Club v. Mainella, 459 F. Supp. 2d 76 (D.D.C. 2006) and Humane Soc’y v. 
Johanns, 520 F. Supp. 2d 8 (D.D.C. 2007).  As described above, the Corps in this case, as in Missouri 
River, has discretion, within its statutory limitations, to reduce and/or prevent adverse effects on listed 
species through its use of storage and operation of the upstream ACF reservoirs.  Cf. Klamath Water 
Users Protective Ass’n v. Patterson, 204 F.3d 1206, 1213 (9th Cir. 1999) (“Because Reclamation 
retains authority to manage the Dam, and because it remains the owner in fee simple of the Dam, it 
has responsibilities . . . [that] include taking control of the Dam when necessary to meet the 
requirements of the ESA, requirements that override the water rights of the Irrigators.  Accordingly, 
we hold that the district court did not err in concluding that Reclamation has the authority to direct 
Dam operations to comply with the ESA.”). 
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B. To the Extent Relevant, Even in the Section 9 Context, the Corps’ Actions 
Are A Cause of Species “Take” 

The Georgia Parties assert that the Service has an obligation to prove that the Corps’ 

actions are the sole cause of flow reduction in and around the Apalachicola River.  Ga. Br. at 

23-33.  This assertion is wrong.  Key Deer is definitive as to Section 7.  If the Corps’ actions 

are “a relevant cause” of flow reduction causing jeopardy, as the administration by FEMA 

was “a relevant cause of jeopardy” in Key Deer, the inquiry ends.  The same is true of any 

tort-type “causation” standard that may apply to ESA Section 9.  See, e.g., Cox v. Adm’r U.S. 

Steel & Carnegie, 17 F.3d 1386, 1399 (11th Cir. 1994) (“A proximate cause is not…the same 

thing as a sole cause”); Loggerhead Turtle v. County Council of Volusia County, Fla., 148 

F.3d 1231, 1251 n.23 (11th Cir. 1998) (quoting Cox); Restatement (Third) of Torts § 26 at 

347-48 (“An actor’s tortious conduct need only be a factual cause of the other’s harm.  The 

existence of other causes of the harm does not affect whether specified tortious conduct was 

a necessary condition for the harm to occur.”) (emphasis in original).   

As noted, the Georgia Parties decline to even cite Key Deer.  Instead they cite ESA 

Section 9 cases and argue that the correct standard of causation is “but for.”  This contention 

is based on a footnote from Babbitt v. Sweet Home Chapter Of Communities For A Great 

Oregon, 515 U.S. 687 (1995) and on Judge Bowdre’s decision denying injunctive relief in 
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Alabama v. U.S. Army Corps of Eng’rs, 441 F. Supp. 2d 1123 (N.D. Ala. 2006), which cited 

the Sweet Home footnote. 33/   

For these purposes, we may ignore the fact that the Eleventh Circuit has described the 

“but for” language in Sweet Home (which Judge Bowdre cited as her source) as probable 

dicta, 34/ and simply observe that all of the cases on which the Georgia Parties rely, other 

than the one case referenced in footnote 31, involved Section 9, not Section 7. 35/  

But to the extent the tort-type “causation” standard articulated in Sweet Home applies 

to the Service’s determination that an incidental “take” would occur under the RIOP, that 

                                            
33/ Contrary to the Georgia Parties’ assertions, Ga. Br. at 31-32, the situation before this Court is 
not the same as that faced by Judge Bowdre.  In Alabama, Judge Bowdre dealt with Florida’s request 
under Section 9 for preliminary injunctive relief against harm, first to the Gulf sturgeon, then to 
mussels.  See 441 F. Supp. 2d at 1130.  As she noted, FWS and the Corps were then engaged in 
Section 7 consultation, but no BiOp had yet been issued or administrative record prepared.  At that 
point in time, before the validity of the Corps’ retention of water in Lake Lanier for water supply had 
been tested, the court applied the “but for” language of the Sweet Home footnote, and concluded that 
Florida had not met its burden of proof to be awarded injunctive relief that drought had not caused the 
reduction in flows and resulting Section 9 harm asserted.  Id. at 1134.  This decision likely was 
mooted and subject to vacatur by the Services’ issuance of the BiOp, as suggested by the Eleventh 
Circuit’s granting of Florida’s motion to dismiss the appeal of Judge Bowdre’s decision as moot 
following issuance of the 2006 BiOp.  See Order Granting Appellant’s Motion to Dismiss Appeal as 
Moot dated November 3, 2006 in State of Alabama v. U.S. Army Corps of Eng’rs, Case No. 06-14211, 
Eleventh Circuit Court of Appeals, DE 561 in Case No. 90-cv-1331 (N.D. Ala.).   

34/ Loggerhead Turtle, 148 F.3d at 1251 n.23 (“…this portion of Sweet Home is likely dicta 
since the only dispute in that case was a facial one . . . .”). 

35/ See Cold Mountain v. Garber, 375 F.3d 884 (9th Cir. 2004) (action by environmental groups 
asserting Federal agencies had “taken” protected bald eagles); Pyramid Lake Paiute Tribe of Indians 
v. U.S. Dep’t of Navy, 898 F.2d 1410 (9th Cir. 1990) (plaintiff failed to show Federal agency action 
had “taken” protected cui-ui fish); Morrill v. Lujan, 802 F. Supp. 424 (S.D. Ala. 1992) (court found 
listed species did not exist on property so could not have been “taken”); Arizona Cattle Growers’ 
Ass’n. v. U.S. Fish and Wildlife Service, 273 F.3d 1229 (9th Cir. 2001) (same); Pacific Shores 
Subdivision Cal. Water Dist. v. U.S. Army Corps of Eng’rs, 538 F. Supp. 2d 242, 261-62 (D.D.C. 
2008) (Section 9 not violated when Corps permitted breach of sand bar when plaintiffs argued 
different breach would be less harmful). 
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standard is here met. 36/  Sweet Home involved a facial challenge to the Service’s definition 

of the term “harm,” asserting it to be overbroad because it contemplated a “take” resulting 

indirectly from habitat modification, as opposed to direct force—specifically, “significant 

habitat modification or degradation where it actually kills or injures wildlife.”  515 U.S. at 

687.  The Supreme Court upheld the regulation against the facial attack.  Id. at 707.  The 

dissent attacked the decision as ignoring a requirement of causation in order to find liability 

for harm to listed species.  Id. at 715-716, 732-35.  The majority rejected the dissent’s effort 

to “impose on § 9 a limitation of liability to ‘affirmative conduct intentionally directed 

against a particular animal or animals.’”  Id. at 702 (citation omitted).  The Court observed 

that “activities that cause minimal or unforeseeable harm” might not violate the Act, but 

since this was a facial, not an as-applied challenge, this issue need not be reached.  Id. at 699-

700.  In a footnote, the majority observed that the regulation did not ignore “ordinary 

requirements of proximate causation and foreseeability…Nothing in the regulation purports 

to weaken those requirements.”  Id. at 700 n.13.  Noting that the regulation refers to 

“actually” killing or injuring, the Court continued: “The Secretary did not need to include 

‘actually’ to connote ‘but for’ causation, which the other words in the definition obviously 

require.” Id.  Returning to text, the majority stated: “Congress had in mind foreseeable rather 

than merely accidental effects on listed species.” Id. at 700. 

                                            
36/ The principal case cited by the Georgia Parties relating to an arguably erroneous Service 
finding of incidental “take” was Arizona Cattle Growers’ Ass’n.  There the court concluded the 
Service had failed to show any of the purportedly “taken” species ever existed in the area in question. 
273 F.3d at 1244.  Nobody doubts the Apalachicola Species exist in the Apalachicola River Basin, 
albeit in drastically reduced numbers.  
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In her concurring opinion, Justice O’Connor provided a more detailed analysis of the 

role of causation, specifically stating: “[T]he regulation’s application is limited by ordinary 

principles of proximate causation, which introduce notions of foreseeability.”  Id. at 709.  

After confirming that harm may be indirect as well as direct, she concluded: “Proximate 

causation depends to a great extent on considerations of the fairness of imposing liability for 

remote consequences.”  Id. at 713.  To her, at least, proximate cause equated with 

foreseeability. 

The majority and concurrence’s discussion in Sweet Home is consistent with 

traditional tort principles of “causation” as an element of liability.  To be sure, the principles 

have been variously articulated.  The term “but for” (used in the Sweet Home footnote) is 

properly cast as “cause-in-fact” or “factual cause,” while “proximate” or “legal cause” has 

evolved into concepts of foreseeability and scope of liability. 37/  As reflected in the majority 

and concurring opinions of Sweet Home, both concepts are at play in the ESA Section 9 

inquiry. 

The Eleventh Circuit elucidates the relationship among these various concepts in 

Jackson v. Sauls, 206 F.3d 1156 (11th Cir. 2000), a § 1983 civil rights case.  In Jackson, the 

Eleventh Circuit described that “[u]nder traditional tort principles, causation has two required 

                                            
37/ Notably and correspondingly, the Restatement of Torts substitutes the term “factual cause” 
for the phrase “but-for cause.”  Restatement (Third) of Torts §§ 26-27.  The Restatement also 
indicates that “the term ‘proximate cause’ is a poor one to describe limits on the scope of liability,” 
and omits proximate or “legal cause” terminology in favor of “scope of liability” and the “risk 
standard.”  Id. § 29 cmt. b; see also id. Ch. 6 special note on proximate cause.  Specifically, the 
Restatement comments that “the term ‘proximate cause’ implies that there is but one cause—the 
cause nearest in time or geography to the plaintiff's harm—and that factual causation bears on the 
issue of scope of liability.  Neither of those implications is correct.  Multiple factual causes always 
exist and multiple proximate causes are often present.”  Id. § 29 cmt. b (citing § 26 cmt. c). 
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elements: cause-in-fact and legal or proximate cause.”  Id. at 1168 n.16 (citing W. Page 

Keeton, et al., Prosser and Keeton on Torts, §§ 41-42 at 263-80 (5th ed.1984)).  Cause-in-

fact is established by a showing that, except for the tort, “such injuries and damages would 

not have occurred.”  Id.  An act or omission is a proximate or legal cause if the injury or 

damage was a reasonably foreseeable consequence of the act.  See id. 38/  We know that the 

devastation of the listed mussels and the negative impact on the spawning by Gulf sturgeon 

would not have occurred—at least to the extent it did—but for the Corps exercising its 

discretion to hold water in storage in Lake Lanier to promote water supply over species needs.  

See, e.g., Fla. FA2 ¶¶ 785-89, 819-23.  So the Corps’ exercise of discretion was a “factual 

cause” of the adverse result to the Species.  In addition, it was of course foreseeable that the 

Corps’ decision to maintain water levels in the upstream reservoirs would reduce flows in the 

Apalachicola River and thus constitute a cause of Apalachicola Species mortality.  Even if 

the Corps’ release of stored water would not have eliminated all negative impacts on mussels, 

certainly the harm inflicted would have been reduced, something the Corps is duty bound to 

accomplish.  Nothing further is required under Sweet Home or pursuant to traditional tort law 

principles. 

                                            
38/ The Restatement, in omitting use of the term “proximate” or “legal cause,” employs a “risk 
standard” whereby “[a]n actor’s liability is limited to those harms that result from the risks that made 
the actor’s conduct tortious.”  Restatement (Third) of Torts § 29.  The Restatement acknowledges that 
courts have struggled in applying various standards to determine an actor’s responsibility and that 
none of the standards are entirely satisfactory.  “There is, in short, much play in the proximate-cause 
joints.  The appropriate scope of liability and responsibility is inherently a subject resistant to any 
rigorous formulation, and it is a mistake to expect any more precision than a subject will bear.”  Id. 
§ 29 reporter notes cmt. e (citations omitted); see also W. Keeton, D. Dobbs, R. Keeton, & D. Owen, 
Prosser and Keeton on Torts § 41 at 264 (5th Ed. 1984) (“Often . . . scope of liability is associated 
with policy—with our more or less inadequately expressed ideas of what justice demands, or of what 
is administratively possible or convenient.”). 
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The Eleventh Circuit has explicitly confirmed that an action need not be the sole 

cause of an injury to constitute a proximate cause of that injury.  Cox, 17 F.3d at 1399.  The 

Court there explained that “[a] proximate cause is not . . .  the same thing as a sole cause.  

Instead, a factor is a proximate cause if it is ‘a substantial factor in the sequence of 

responsible causation.’”  Id. (emphasis added), quoting Hecht v. Commerce Clearing House, 

Inc., 897 F.2d 21, 23-24 (2d Cir. 1990). 39/ 

Thus, the mere fact that an additional factor (e.g., drought or upstream consumption, 

etc.) might have contributed to the problem confronting the protected mussels in this case 

does not absolve the Corps of responsibility for its operating decisions.  The existence of 

drought in no way diminishes the fact that the Corps’ operations are “a substantial factor in 

the sequence of responsible causation” leading to mussel deaths.  Cox, 17 F.3d at 1399.  

During drought conditions, the Corps, operating according to its Action Zones, exercises its 

                                            
39/ Other Section 9 cases assign liability for agency action that constitutes only one cause of a 
species’ “take,” including an indirect or third party cause.  See, e.g., Strahan v. Coxe, 127 F.3d 155, 
163-64 (1st Cir. 1997), cert. denied, 525 U.S. 830 (1998) (rejecting interpretation of common law 
proximate causation that did not include “indirect causation” and holding that state agency’s licensing 
of use of gillnets and lobster pots “in a manner likely to result” in “take” of northern right whale 
violated the ESA); Defenders of Wildlife v. E.P.A., 882 F.2d 1294, 1300-01 (8th Cir. 1989) (holding 
that agency’s decision to register strychnine caused “take” of black-footed ferret and reasoning that 
since strychnine could only be distributed if registered the “relationship between the registration 
decision and the deaths of endangered species is clear”); Animal Prot. Inst. v. Holsten, 541 F. Supp. 
2d 1073, 1078-80 (D. Minn. 2008) (holding that state’s licensure of trapping that could “take” 
threatened lynx constituted a “taking” under ESA Section 9 and rejecting argument that trappers were 
independent intervening cause removing state’s liability); Animal Welfare Inst. v. Martin, 588 F. 
Supp. 2d 70, 99-100 (D. Me. 2008) (ruling that the state’s authorization of trapping, which could trap 
endangered lynx along with intended animals, violated the ESA).  See also Loggerhead Turtle, 148 
F.3d at 1250-51 & n.23 (addressing causation in the context of a standing analysis and noting that the 
Supreme Court in Sweet Home stated that the ESA “encompasses indirect as well as direct injuries” 
and that even if the concept of proximate causation governed the analysis “[a] proximate cause is 
not . . . the same thing as a sole cause”) (citations omitted) (emphases added).  Here, the Corps is 
directly responsible for adverse effects and species “take,” as opposed to merely producing indirect 
effects. 
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discretion to maintain higher water levels in its reservoirs rather than release water sufficient 

to prevent the death or other injury to the protected Apalachicola Species.  

 The Georgia Parties go out of their way to suggest any other potential cause of 

species “take” and to misdirect the Court away from the Corps’ ongoing operation of the 

ACF reservoirs.  In so doing, they resort to the irrelevant (i.e., references to invading clams, 

Ga. FA ¶ 86, over-zealous biology students and shell collectors, Ga. FA ¶¶ 87-88); the 

inaccurate (i.e., claims that pollution in Florida causes mussel mortality, 40/ Ga. Br. at 5-6, 

that there is an “enormous diversion” of flow into the Chipola Cutoff, 41/ Ga. Br. at 44, that 

Georgia’s consumption has a negligible effect on Apalachicola flows, 42/, Ga. Br. at 29; Ga. 

                                            
40/ Ignoring that the BiOp refers mainly to the Chattahoochee and Flint Basins as sources of 
contaminants in the Apalachicola River, Doc. No. 504.84, at 57, the Georgia Parties wrongly imply 
that the Record supports an inference that water quality issues related to the protection of aquatic life 
and attributable to Florida’s regulation of discharges to the river or its tributaries (rather than other 
causes, such as low flows or upstream contaminants) may contribute to the decline of listed species.  
However, they have failed to demonstrate any injury to listed species from the limited set of water 
quality data to which they refer, or even to correlate any water quality data (past or present) 
applicable to the protection of aquatic life to segments of the Apalachicola River found to contain 
listed mussels or their necessary habitat preferences.  See, e.g., Doc. 510, FWS AR Pages 013596, 
013602. 

41/ This “enormous” diversion, that the Georgia Parties assert claims a 40% and “ever-
increasing” share of the mainstream river and affects Swift Slough more than any of the Corps’ 
operations, is proportionally the same amount of water which flowed from the Apalachicola River 
into the Chipola Cutoff prior to the construction of the dams.  See ACF001564 (demonstrating that 
pre-dam flows in the Chipola Cutoff were 40% of the flows measured in the Apalachicola River 
above the Chipola Cutoff). 

42/ As the BiOp illustrates by example, in low flow periods M&I depletions can reduce 
unimpaired flows by 15%.  See Doc. No. 510, FWS AR Page 013638 (using a pie chart to illustrate 
that in June 2000, M&I depletions reduced unimpaired flows of 4,491 cfs by 665 cfs, and that overall 
net depletions of 2,328 cfs (including M&I and agricultural withdrawals and evaporation) reduced 
unimpaired flows by over 50%).  The Georgia Parties’ reference to impacts on “average flows,” Ga. 
FA ¶ 272, is irrelevant.  The negative impacts on the Apalachicola Species, as all know, occur at 
times of low flow, so low flow impacts are all that matter.  And Corps’ decisions as to necessity of 
storage for water supply can have even greater impacts than actual water supply use. 
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FA ¶ 272); and the farfetched (i.e., an implication that one of the mussels should be 

delisted, 43/ Ga. Br. at 8; Ga. FA ¶¶ 91-97). 

 In addition, the Georgia Parties suggest that the Administrative Record contains 

insufficient evidence linking the Corps’ reservoir operations to the decline of the 

Apalachicola Species.  See, e.g., Ga. Br. at 6; Ga. FA ¶¶ 57, 59, 72, 78.  For example, they 

contend that there is no evidence that Gulf sturgeon are affected by salinity levels in 

Apalachicola Bay, including areas of designated critical habitat.  Ga. FA ¶ 72.  This is 

patently false, as the data show juvenile Gulf sturgeon are affected by salinity levels in the 

Bay, and that elevated levels can kill juvenile sturgeon that are not yet sufficiently adapted to 

salt water.  See, e.g., Doc. No. 557, FWS AR Pages 014678-85 (Altinok et al., Ionic and 

Osmotic Regulation Capabilities of Juvenile Gulf of Mexico Sturgeon, devoted entirely to the 

topic of salinity tolerance of juvenile Gulf sturgeon). 44/  The Georgia Parties simply choose 

to ignore the science that contradicts their claims. 

 To cast further doubt on the Record evidence, the Georgia Parties also employ non-

sequitur conclusions, including that there is “no direct evidence that the number of [mussel] 

host fish has been reduced” in the Apalachicola River.  Ga. Br. at 6.  This misses the mark.  

                                            
43/ The opinion of a lone Corps consultant to this effect is irrelevant.  As long as a species is 
listed, the legal requirements of the ESA attach to it and its designated critical habitat.  There simply 
is no such thing as a “sort of” endangered species.  

44/ See also Doc. No. 744, FWS AR Pages 019603-20 (Paruka et al., Movement and Habitat Use 
of Subadult Gulf Sturgeon in Choctawhatchee Bay, Florida); Doc. No. 863, FWS AR Pages 024398-
413 (Wooley & Crateau, Movement, Microhabitat, Exploitation, and Management of Gulf of Mexico 
Sturgeon, Apalachicola River, Florida); Doc. No. 877.6 (Florida Fish and Wildlife Conservation 
Commission correspondence dated 11/7/07); Doc. No. 510 (2008 BIOP) at FWS AR Pages 013501, 
013543, 013566 and internal references therein; Doc. No. 753, FWS AR Pages 019801-953 (Putland, 
Ecology Of Phytoplankton, Acartia Tonsa, And Microzooplankton In Apalachicola Bay, Florida) 
(explaining impact of salinity of food web that supports juvenile Gulf sturgeon). 
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The relevant question is not whether the absolute number of host fish (a primary constituent 

element of designated mussel critical habitat) are increasing or decreasing.  The relevant 

question is whether the Corps is supporting water levels necessary to facilitate host fish 

access to relevant mussel beds so those host fish can act as hosts, an act which is dependent 

on the elevation of the River, which in turn depends on River flows.  The Record 

demonstrates that mussel survival and recovery are directly dependent on this relationship, 

which in turn is adversely impacted by low flows.  See Doc. No. 295, FWS AR Page 

6713. 45/  As described above, the Record contains ample evidence that the Corps’ operation 

of the ACF reservoirs are among the causes of the Apalachicola Species’ decline.  See supra 

Section II.A.2. 

 Finally, it must be noted that, in making their drought-causation argument, the 

Georgia Parties studiously ignore this Court’s Phase 1 determination that water supply is not 

an authorized purpose of Buford Dam.  Yet they acknowledge that the ACF Basin reservoirs 

must be viewed as an overall system.  See GA Br. at 3; GA FA ¶ 9.  The Georgia Parties also 

deliberately ignore the fact that during dry periods the WCP requires storage in Lake Lanier 

                                            
45/ “The reproducing mussel requires sufficient water velocity to suspend the [group of larval 
mussels] in the water column until a host fish attempts to eat it, which begins the process of 
incubating the larval mussels. The incubation stage on a host fish . . . is obligatory in the mussel's life 
cycle.  If current velocities are too low during the reproductive period, the [larvae] will not be 
suspended in the current and reproduction would be impaired.”  Doc. No. 295, FWS AR Page 6713.  
That said, contrary to the Georgia Parties’ implication, the record does reflect the fact that reduced 
Apalachicola River flows will adversely impact the absolute number of host fish in the River.  Doc. 
No. 846, at 1 (Walsh et al, Fishes of the Apalachicola River Floodplain; Role of Habitat and 
Hydrology to Recruitment) (“Spawning and recruitment are linked to the annual hydrologic cycle and 
reproductive success and year-class strength are ultimately dependent on flow conditions that 
maximize availability of floodplain resources . . . Low flows during spring and summer months are 
predicted to limit reproductive success and likely to reduce growth, survivorship, and year-class 
strength.”). 
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to protect an unauthorized purpose—water supply—and effectively abandons the authorized 

purposes of power production and navigation, which would result in releases that augment 

downstream flows. 46/  Phase 1 Order at 1321, 1332-33; Fla. FA2 ¶¶ 53-101.   

 Consequently, the Georgia Parties’ drought-causation argument employs the same 

myopic view of the “agency action” that is unlawful under Section 7.  By focusing on the 

operation of Woodruff Dam, the Georgia Parties seek to show that flow reductions and 

resulting mussel mortality are really caused by drought conditions, rather than the Corps’ 

operations, narrowly viewed.  This narrow view of agency action presumes—as the Corps 

stated and the Service accepted—that avoidance of upstream drought-related impacts to 

water supply uses is a given, rather than discretionary.  Rather than supporting their causation 

position, this argument illustrates precisely why the Federal Defendants should have 

consulted on all of the Corps’ ACF reservoir operations under the 1989 WCP in the context 

of the environmental baseline and cumulative impacts that are attributable directly to 

Georgia’s upstream consumption. 

III. This Court Should Defer to the Remedies Portion of This Case A Remedy For 
the Corps’ Violations of NEPA 

 All of the non-Federal parties contend that NEPA has been violated.  If this Court 

agrees and finds a NEPA violation, naturally, the appropriate remedy is to remand to the 

Corps to perform a proper NEPA evaluation.  However, practical realities and limitations of 

time in this instance make such action fruitless.  Any NEPA remedy that postpones 

                                            
46/ The IOP and RIOP incorporate the WCP’s Action Zones, Fla. FA2 ¶¶ 400, 482, 490, 522, 
732, 737, and only deviate from the WCP during such periods when the Corps wants to provide less 
than 5,000 cfs downstream (i.e., the 4,500 cfs provision of the RIOP).  
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addressing the substantive ESA issues would leave without remedy the Apalachicola Species, 

whose survival and recovery are dependent on this Court’s findings on the ESA claims.  For 

this Court to favor the NEPA remedy over the ESA claims would leave the Apalachicola 

Species in the same precarious position they currently occupy, undermining the focus of 

Phase 2 of this litigation and the protections and priorities afforded to endangered species 

under the ESA.  See Loggerhead Turtle, 148 F.3d at 1246 (“To be sure, protecting troubled 

wildlife is serious business. . . ‘[T]he language, history, and structure of the [Endangered 

Species Act] indicates beyond doubt that Congress intended endangered species to be 

afforded the highest of priorities’”) (quoting Tenn. Valley Auth., 437 U.S. at 174).   

 The procedural considerations of NEPA were not intended to supplant substantive 

obligations under other statutes.  See U.S. v. Students Challenging Regulatory Agency 

Procedures (SCRAP), 412 U.S. 669, 694 (1973) (“NEPA was not intended to repeal by 

implication any other statute.”).  Consequently, strict compliance with NEPA may be 

foregone where requiring compliance with NEPA would create an “‘irreconcilable and 

fundamental conflict’ with other statutory obligations” and “in instances where failure to take 

quick action would have significant negative consequences.”  In re: Operation of the 

Missouri River Sys. Litig., 305 F. Supp. 2d 1096 (D. Minn. 2004) (citing Flint Ridge Dev., 

Co. v. Scenic Rivers Ass’n, 426 U.S. 776, 788-89 (1976)); see also Natural Res. Def. Council 

v. Houston, 146 F.3d 1118, 1131 (9th Cir. 1998) (ruling on substantive ESA violations and 

finding NEPA claim moot).  Significant negative consequences to the endangered and 

threatened Apalachicola Species will occur if the Court allows NEPA compliance efforts to 

perpetuate the Federal Defendants’ non-compliance with the ESA.  In order to fulfill the 
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mandate of the ESA, this Court should prioritize the substantive ESA claims over the related 

procedural NEPA claims, and should order a proper Section 7 consultation and analysis to be 

complete within the 135-day time frame provided for by the regulations.  50 C.F.R. § 402.14.   

IV. The Brief Submitted by the City of Columbus and Columbus Water Works 
Inappropriately Raises Phase 1 Arguments 

 Finally, the brief of the Columbus Parties is directed to arguments addressed in Phase 

1 of this litigation. 47/  Specifically, Columbus argues that the Corps is operating the ACF 

System reservoirs inconsistently with “its repeated assurances” and asks the Court to order 

the Corps to develop a water control plan within specific parameters.  See Col. Br. at 2-6, 8-9.  

In its Phase 1 Order this Court addressed both challenges to the Corps’ authority for its 

operations in the Basin and the plans and manuals through which the Corps operates.  Phase 

1 Order at 1310, 1354-55.  To the extent that Columbus asserts arguments in this Phase 2 that 

the Court has addressed in its Phase 1 Order, such arguments must be disregarded. 

CONCLUSION 

 For the foregoing reasons, this Court should deny the Georgia Parties’ motion in full 

and Columbus’ motion to the extent that it addresses Phase 1 issues. 

                                            
47/ Citations to Columbus’ Phase II Motion for Summary Judgment and Memorandum of Law in 
Support (DE 302) appear as “Col. Br. at ___”.   
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Respectfully submitted this 10th day of February, 2010. 

 
 
COUNSEL FOR THE STATE OF FLORIDA: 
 
Bill McCollum 
ATTORNEY GENERAL 
Jonathan A. Glogau 
Chief, Complex Litigation 
The Capitol, Suite PL-01 
Tallahassee, FL  32399 
(850) 414-3300 
jon.glogau@myfloridalegal.com 
 
Christopher M. Kise 
FOLEY & LARDNER LLP 
106 East College Avenue 
Tallahassee, FL  32301 
(850) 513-3367 
ckise@foley.com 
 
 

/s/ James T. Banks  
James T. Banks 
HOGAN & HARTSON, LLP 
555 13th Street, N.W. 
Washington, D.C.  20004 
(202) 637-5802 
jtbanks@hhlaw.com 
 
Parker D. Thomson 
HOGAN & HARTSON, LLP 
1111 Brickell Avenue, Suite 1900 
Miami, FL  33139 
(305) 459-6678 
pdthomson@hhlaw.com 
 
Thomas R. Wilmoth 
Donald G. Blankenau 
BLANKENAU WILMOTH LLP 
206 S. 13th Street, Suite 1425 
Lincoln, NE   68508 
(402) 475-7082 
Tom@aqualawyers.com 
 

 
COUNSEL FOR THE CITY OF 
APALACHICOLA: 
 
 

 
/s/ J. Patrick Floyd 
J. Patrick Floyd 
LAW OFFICES OF J. PATRICK 
FLOYD, Chtd. 
20 Avenue D 
Apalachicola, FL 32320 
(850) 653-2709 
 
 
 
 

 

Case 3:07-md-00001-PAM-JRK   Document 324   Filed 02/10/10   Page 50 of 51 PageID 8031



 

   
  

46

CERTIFICATE OF SERVICE 

  I HEREBY CERTIFY that the foregoing was filed with the Clerk of the Court 
using the CM/ECF system, and was served upon counsel of record and all parties to this 
proceeding registered with the federal court system by electronic means on February 10, 
2010. 
 
 
 
 
      /s/ James T. Banks   
 

 

 

 

 

Case 3:07-md-00001-PAM-JRK   Document 324   Filed 02/10/10   Page 51 of 51 PageID 8032



 

 

 

 

 

 

Exhibit 80 

  



 

 

 

 

 

 

Exhibit 80 

  



• 
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June 12, 2007 

CoL Peter Taylor 

Florida Department of 
Environmental Protection 

Marjoi:· Swnemao Douglas Building, 
3-90() C,Jmmonwea!ih Bouiev~r<l 
Tallahm;s-~•e, Florida 32.399~3000 

Commander and District Engineer 
Department of the Arn,y 

Mobile District, Corps of Engineers 
190 Saint Joseph Street 
Mobile, Alabama 36602-3630 

RF: Corps Operation of Dams, Reservoirs and Refoted Facilities 
Under !\fodified Interim Operations Plan (!OP) 

Ch;ir!ie- t·nsi 
()(~vern0r 

.!1,,;fi' K('!1k1mp 
l.l. ·C,iv.:rn,): 

.\·1ic\0 n-:•: V,/, '.>ok 
~e(·.n.1\;-!!'"~ 

• Dear Colonel Taylor: 

• 

The State of Florida hereby notifies the United Siates Army Corps of Engineers ("Corps") 
that the Corps' operation of dams, reservoirs and related facilities pursuant to the Interim 
Operations Plan for Jim Woodruff Lock and Dam as modified on l'ehruary 28, 2007 
("Modified JOP"), currently affects, and will continue to affect., land and water use, as 
well as natural resources, of the coastal zone of the State of Florida. Such effects of" 
federal agency activity r<"quirc that the Corc1s furnish Florida with a determination that 
these activities are consistent to the maximum extent practicable with the enforceable 
policies of the Florida Coastal Management Program{'' FCMP"). 

Coa,tal Zone Management A.ct R,•quirement8 

The Coastal Zone Management An ("CZ,!\!A") requires that federal agency activities that 
affect "anv land or water use or natural n,source of the coastal zone [] be carried out in a 
manner which is consistent to the maximum extent practicable with th,! enforceable 
policies ot approved State management programs." 16 USC§ 1456(c)(l)(A); 15 CFR 
930.32(a)(1.). Accordingly, ead, federal agency carrying oul an activity that affects a 
statt:~' s coastal zone "shall provide a <:"onsbkncy Jdt·rn1in::lti.on to the rel-eYdnt Stat€.· 
agency ... before final approval of the Federal activity unless both the Federal agency 
and th<' Stak agencv avn' to a difforent schedule" id. § 1456(c)(1 )(C) . 

EXHIBIT 

Io 
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• 

CoL Peter Taylor 
.lune 12, 2007 
Page 2 of 5 

The Corps' operations pursuant to the Modified !OP fall squarelv within these pro­
visions. Florida's coastal management program, the FCMP, is a federally-approved 
program. 46 F.R. 48742-01; 53 P.R. 50069-01. The Corps' activities on the Chattahoochee 
River undH the Modified !OP constitute" series of events that have foreseeable effects 
on Florida's coastal resources in the ApdlachicolH River Basin and the Apalachicola Bay. 
See 15 CFR. § 930.::ll(a) (broad!\• defining" Federal agency activity"). 

Corps .4ctivities Under the Modified JOP 

The Corps created the original !OP in response to Florida's demands to consult with the 
U. 5. Fish & Wildlife Service ("FWS" or the "Service") pursuant to the Endangered 
Species Act ("ESA"), 16 USC§§ 1531 et seq. Fundamentally, the original IOP (and 
subsequent Modified [OP) addresses the operational parameters of discharges made by 
the Corps into the Apalachicola River. As a result of the consultation between the 
Corps and the Service regarding the impact of the original !OP on the endangered and 
threatened species inhabiting Florida's Apalachicola River and their habitat, the Service 
issued a Biological Opinion containing an incidental take statement ("ITS'') (collectively, 
the "BiOp"). Tlw ITS induded in the BiOp contains certain reasonable and prudent 
r.neasures to be fo!lowed by the Corps. One of the reasonable and prudent measures, 
RPM3, requires the Corps to "!cl]evelop modifications to the !OP that provide a higher 
minimum flow to the Apalachicola River when reservoir storage and hydrologk 
conditions permit." The Corps ultimately submitted ior the Servic,,'s approval a 
proposed means of complying with RPM3, which the Corps termed "Concept 5." 
Concept 5 modifies the original lOP sigrcificantlv by allowing the Corps to diminish 
flows in the Apalachicola River through storage of w,lter during the spring Gulf 
sturgeon spawn, ostensibly to ensure a higher minimum flow tor threatened and 
endangered mussels later in they-ear. Th,~ Service approved this modification to the 
!OP and 011 March 6, 2()07, the Corps issued an Environmental Assessment/Finding of 
No Significant Impact ("EA/ FONS!") /or the !Vlodified !OP, ending the series ol events 
constituting the federal ilgencv activitv. The, decision to modify- the !OP required a 
consisten~y review prior to making tik iinal decision. 

Impacts ,m Florida 

The Corps' agency activity affects fl,,riJa's coastal resources in the Apalachicola River 
Basin and Apalachicola Bay. The Modified !OP provides inadequate water deliveries to 
the Apalachicola River and therebv affects, and will continue to affed, land and water 
tise and the natural res<Jurces of the cc,astal zone of the state of Florida. Specifically, 
and among other things, the Modified IOP: 
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1. Affects biological communities, including ii shes (importantly host fishes 
for federally-designated endangered and threatened mussels), aquatic 
invertebrat,,s, other river-floodplain ,,nirnals, and floodplain vegetation 
thrnugh changes in the frequency, dmation, magnitude, and timing of the 
inundation and saturation of aquatic habits in the river and floodplain 
caused by the Corps' activities. 

2. Affects the Apalachicola River, the designated critical habitat for the Culf 
sh1rgeon. The Gulf sturgeon is designated as a "threatened" species 
under the E..SA and as a species of special rnncern under Florida law. 
F}o\v reductions and modifications caused by the Corps' activities render 
portions of this critical habitat unusable or diminish its value, likely take 
members of this sp,xies, and may jeopardize the spt'cies' continued 
existence. 

;3. Affects the annual floods which help to maintain the Apabchicola tfood­
plain, the largest forested floodplain in Florida. Lower flows caused by 
Corps activities decrease the ability of floodplain soils to retain water atter 
the flood season ends; increase the frequency and severity of drought-like 
conditions; isolate a,iuatic habitats from the main river channel; and cause 
degradation in water quality from decreases in dissolved oxygen. 

4. Reduces the floodplain habit-at and results in loss of habitat for spawning, 
feeding, and nurserv areas for fish and wildlife, incluJing species listed 
under Florida law as of special concern, such as, but not limited to shoal 
bass, Barbour's map turtle, alligator snapping tur~Ie, and Suwanee coPtt:!L 

5. Affects fisheries by disrnpting spawning activities and causing the strand­
ing of f"uveniles and adults in the backv .. ,aters and floodplains .. resulting i.n 
loss of vear-class and potential spawning adults. 

ii. Alters the forest composition and increases the risk of irwas10n bv exotic 
plants through the hvdroloy,ic altnahons in the floodplains. 

8. 

Affects the comm,:rcial harvests of blue crabs and oysters whicb correlate 
with rc·ductions in freshwater flows into the Apalachicola Bav. Low-flow, 
high salimtv conditions cause increased mortality of juvenile oysters. 

Atfocts the Apalachicola Bav pstuaries which provide primilry nursery 
habitat for a variety of rnarine and estuarine species and, key to the 
nursery function, sufficient nutritional input for the developing larvae and 
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juveniles. This nutrient input i.~ primarily deri\'ed from phytoplankton, 
which depend in large p<1rt on freshvvater !101;,,,-s from the upper 
wutershed. Departures from the natural variation of hydrologkal 
regimes, caused by Corps activities, likely affect estuary productiv,tv. 

Co11sistcncy Determination 

Because the Corps' current and propol'>ed JCti vi ties affect resource, of Florida's rnastal 
znne~ the Corps must prcpar"~ and subn1it to Florida a determlniition that the adivlties 
are cnnsiskn t· to the rna.xinuun f•xtcnt practicable \·'\'ith the enfon:e,1ble polkies of the 
FCMP before engc1ging in or approving these activities. In accordance with 15 CFR 
9'.\0.32(a)(l), the Corps' activities must be fullv consistent with the Florida Coastal 
Management Program unless full consistencv is prohibited by tedernl Jaw. Enforceable 
policies ind.ude those "which art' legally binding through constitutional proYisions, Im.vs, 
regulations, land use pla.ns., <.1rdin.1nc{?S, l)r Judicial or admini~trJtive dedsion.s,. by ,-vbicb 
a State exert~ rontTol over private and public land. and water uses and natural resources 
in the coast.,] zone." 16 USC.§ 145'1(6a); see aif.o FDEP, Coastal tvhmagement Program, 

• 2'l Statute~ of the FCMP, b!.tJ;:.:f/;iy.,v,y,,i,~p,st0JeJLtts/q1i.pjfederal/23 statutes.btrn. 

• 

Enforceable policies of the FCMI' 1vhich the Corps should con,;ider include, but are not 
•· · · J ·· h·· t' J' · · · · '' oryo ()''6 ''7'' ')]9'c} '.\ry" JryJ o~' ~ry• '.\~' ~•" 11mltel to .. t e o 10•.v1ng sta.tuks: SS .:Jr-) . .;. , -.>..-,-i-J v , ... .1.:> . . 1 ✓ ~,i.L;; .. .:..::i, .. l:;.,.,.,:. ... -::, 

373.239(3), Fla Stat. (regulating us,0 s of 1vater) (implemented by Fla. Admin. Code R. 62-
40.410, 40/\-2.301, 40A-2.311, 401\-2.381); §§ :~73.413, 373 414., 37J416, Fla Stat. 
(regulating watt>r storai~e and maintenancC> ot reservoirs) (implemented by Fla. Admin. 
Code R lOA-,l On, 4\lA-4.10! ); § 373-4~0(1 )(a), Fla. Stat,§§ ,;(13.021, 403.031 (7), 403.061, 
403.0615, 103:161, Fla. St,lt (prohibiting pollution, which is broadiv defined as any 
human-induced imp<1irment of water);§§ 258.36 .. 258.37, 258.39., Flil. Stat. (protecting 
Apabchk'ola B.:):v as an (lqurtti.c pn~s<:~rve); §§ 253/>34, 259.0'.:\?, Fla. Stat. (protectlng 
submerged lands and lands pu.rdi.isecl tor conservation) (implenwnted by Fla, Admi.n 
Cod<• R. 62-302 700 (protecting Outstanding Hnrida Wakrs, including Apalachicola 
River and Bay));§ 370.025, Fla Stat. (protecting marine ii,hHies), §§ 372.072, 372.0725, 
Fla, Stc1t. (prott•cting spe-c:ics \.\'hich ar-1.:~ enddngered~ threatenecL or -of special concern) 
(implemented bv Fla. Admin. Code Rule 68A-L004). 

Ongoing Actil'ities 

Pursuant to the CZ\1A, the Corps is rcqu:ired to provide Florid;;1 ·with a federal 
<:onsi.5t~ncy st--1te1nent and ,Jetenninatior. e:·,.:_:p!ainlng hoiv the proposed activity is 
consister1t 1,,vith the autht>rities and pohue~ of the FC.t,1P at k'af;t 90 days prior to final 
approval of the activity. 16 USC§ 1456(c)(l)(C). As the final decision documented in 
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the Corps' EA/ FONSJ was premature and bypassed the required compliance with 
CZV!A, the Corps is in violal!on of this obligation. Florida denlinl<h that the Corps (l_) 
immediately cease activiti.e,, as described above, that affect Florida's coastal rc'SOJJK<'S 

and that are inrnnsistent with the fCMP; and (2) not resume activities that affect 
Florida's coastal zone until the Corps has H1()dified those activities and provided 
Florida ,vith a consistency detennination as required by the CZMA. Such determi­
nation tnu.st contain dc.wtnTH.~n.t.ation necessary to dernonstratc consistency ✓ t~) the 
maximum <'Xlent practicabk, as defined in l5 CPR 930.32(a)(l ), 1vith the enforceable 
policies ot the f'C\lP. PkaBe reply to wnfirm that the Corp, wili net ,Krnrdingly. 

Slncetel:v. 

Sally B. Mann, Director 
C)ffic{• of lnL:e1)sovernn1ental Progr~uns 

• SBM/tm 

• 
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Department of 
Environm1enta.l Protection 

.JHti Bush 
Go,1ernor 

Marjory·StonernanDour;las BU!!ding 
3900 CommonwBaJth Boulevard 
Tf1lbl1~$$$B:, Floricl,:I 32398-3000 

CoL Peter Taylor 
Com1nandcr and•District Engineer 
Depmirncnt o[the Anny 
M.obile•Distri(t, Coms•of Engineers 
190 Saint Joseph Street 
Mobile, Alabama 36602-3630 

January 6, 2005 

Re: Corps' Operation of Dams, Reservoirs and Related Facilities in the ACF Basin 

Di::ar Colonel Taylor: 

Colleer: M. ca~;@,,, 
Secretary 

The State of Florida hcrehy notifies the Army COIJJS of Engineers thaUhe Corps' operation of 
darns, reservoirs • and related facihtic::; · w·ithin the AJ1<1lachi co la-Chattahoodwe-F lint. River Basin, 
as described belO\\\ curn.mtly affect and \viH continue to affoctiand and \Vater use, as wC!l as 
natural resources, of the coastal zone of the State of Florida, requiring that the Corps furnish 
Florida \.vith a deteimination that these activhiCs arc consistent to the maximum cxtem 
practicable with enfrlrceahle policies of Florida's Coastal Managernent Program (FCMP), By 
letter of February 5, 1990, FJoridanotified the Coq)s that the activities proposed in the Cm1)s' 
Draft Post Authorization Change Notification Report for the Reallocation of Storage from 
Hydropo1.ver to \VaterSupp[y at Lake•Lanier, Georgia (PAC report)•were·inconsistent vhth 
enfbrceabk policies of the FC?vlP, and that Florida therefon.:: objected to the conclusory assertion 
of consistency in the PAC report's Environrnental Assessrnent. i Although the PAC report \vas 
subsequently \Vithdrawn, the (\)Q):f current and proposed activities, as described below, contimic 
to affect Florida's coastalrcsources and therefore require a consistency dcterminatio11_ The 
consistency detcrrnination must he provided before these activities are approved and carried out. 

CZ/WA. Requirements 

The Coastal Zonc Management Act{CZMi\) requires every foderal agency to conduct its 
activities that affect »anv land or ,vater use or natural resource of the coastal zone" ~ includirnI . -:··,. .. _· ..• . .. . ... : ... ,. --_ - __ ··: ...... ·. :·· _- .-. . . : ._, . --- ._.. ·-• ... ·_' •·- 0-

auivitws outs1d2 :.i. staw s coas1a1 zone.- a rnanncr wnicn is consistent 10 the rnaximurn extent 
prachcable \vith the enforceable policies ofapprovcd State management progran1s." 16 U,S.G 
§ 1456(c){l)(A). The CZ?vfA. forther requires that each federal agency carrying out or proposing, 

i This conclusory as.',crtion faikd to constit\lte a consistency dewrmi11;;\tion within rhe nwaning of tbe Coa.sttl Zofo~ 
;\fanagcincnt Act. N<:verthd,?5:'i, the Smte notified the Corps oft he PAC report's jnconj$tency with the FCSlP, 

«MoroProt~iction, Less Proc1;;ss" 
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an.activiry that afii:.cts a stat(:'s coaskr} zone "shall provide a consist<:ri<:.:y dderminatiQn to the 
relevant State ,1g0rK:y. . . the- ,stdicst practlcuhlt tirnc, but in no case later than 90 days bt-fhre 
final approval of the Federal adi vity unless both the FcdcrHI agency and the State agency agree to 

a diffi..wenl schedule." 16 tl.S.C, § 1456{cJ(l)(CJ_ F!nrida hasa coastal rnanagernentprngrn.rn 
approved by NC>AA, and the Corps' opi .. m1tions described below arc focleral acfrvitk:s \Vhhin the 
rncaningo.fthc: CZtv1A .. See !5 C.F.R § 930.31(a) (broadly defining jjFederal agencyactivi:ty"). 

CorpJ /fr.1idtie.<,· 

Tlw f<)llo,ving Coms activities on tht.\ Chattahoochee River affect Fkirida'S coastal n:.:sm1n::es in 
- l . . .. ~ 

the A.pal;Jthicol::t River B,isin and Apalachicob .. Bay': 

1. By !.986, the Corps had entered into \vater supply contracts with 
the City of Ctm1ming, (it.'.Orgia; the City Z1f.Bnford, Georgii1.; the. City of 
(iaincsviJk, Georgia; Chvinnett County, Ch:.'oxgia; and the Atlanta •Regional 
Conunbsion (coHective.!y, the "water supply providers';) for withdrn\V8Js from 
Lake Lanier for n1unicipa! and industrial (J\,l&!) purposes totaling approximatel _y 
85 milfam gallons per day(rt1gd), or nwre than 95,000 acn1~feet ptr year, and 
withdrnvvals fron1 the Chattahoochee River of approximately 3771ngd, or more 
than422,000 acn:,,-fo,ct peryeHr, v.-foch an: dependent upon rckus<'.:)S of water frorn 
Lake Lanier. Although ail 1'v1&l contrntts with the \vater supply providers, except 
fi)r the Bufbrd contract, expired by 1990, the Corps continues to taked.iscrcte 
actions to grant ptrr.nissiDn .and confi.w•benefits to thcsan1e•watcr supply 
providers, without int1.:>rruption and in increasing quantities, in the frmnot]vl&l 
withdra,;vals from storage.in Lake. Lanier and M&l withdrn\vals fi\')111 the 
Chattahoochee River depcnch-:nt•on.rcle1.1ses from slor.ag{.~ in Lab; L.anicr. 

In October of J.989 the Corps issued the P/\C report in order to 
convert the water \vitbdrav;ai contrac!S ,,vilh the '>vater supply provid(,rs into 
permanent ·water storage cnntracts, pr<.iposing a 327 mgd reallo(mti<m of stowge in 
Lake L1njer, \Vithprojected Jncrc::1ses to 529 mgd by 2010. /Uthough the PAC 
report1,vas later withdrnwn, the Corps continues to take actions thatpennit an ever 
increasing arnount of \Vater to be wilhdnnvn and rekased from Lake Lanier for 
\JSJ purposes,. substantia1ly in the manm~r anticipated in the PAC report, \Vith 

nm<:.)Unts being \Vithdra\vn and released apprnxirnating 410 rngd in 1999. 

3. On Jammry 9, 2003, the Corps consented to \Vater supply 
\Vlthdrawals andrdeases from Lake Lanier as part of an agreement to settle claims 
against it in 8Joutheastern Federal Power Cuswmers. Inc. v. Caldera, Case 
N<:.). 1 :OOC\/02975 (D.D.C.). 1n thal settlement agreernent the Corps agreed to 

:. Thi& lht is notcxchisive. There nrnybc oth;;r Corp actlviikstlut al.so affb.:::t the Apabchicoh Rlver lk,sin arid 
Apnlachkob Bi',y. 
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rea1locat1.~ storage in Lake Larrier in order to allow \Vithclrawals and releases: of at 
least 537 A 1ngd, and agreed that all return flmvs from the signatory \Valer supply 
providcrs3 ,vould be available only for M&lpurposes. 

4. The Corps 11.1ects regularly \V.ith the \Yater supply pi-ovick:ts and 
other Georgia users ofvvater from Lake Lanier in order to.make decisions 
concerning \vithdi-.:i,vrll.s and rekases Ji:om Lake Lanier for water supply. During 
dry-weather periods, the Corps' policy and practice is to assign the highest priority 
to storing ,,vater for l'vl&l uses, at the expense of Lake Lanier's authorized 
purposes, 

5. The October 1989 draft ACF \\later Control Plan; issued in 
c{)nnectfon ,vith the P/\C report, adopted a policy to 1nanage stornge in Corps 
reservoirs on the Chattahoochee River to support recreation, at the expense of 
authorized project purposes and in disregard of downstream interests, Despite 
withdrawal of the PAC report, the Corps contlm.ics to reserve storage in its 
reservoirs to benefit recreation, • including boating and recrcati onal fishing of non­
native fish, to the detriment of do\vnstream habitats. 

6. ln the past the Corps endeavored to provide a steady and 
predictable outtlo\-v from Lake Seminole to ensure a steady and predictable 
navigation depth. Hmvever, the Corps' more recent and current practice is to 
manipulate storage in Corps reservoirs on the Chattahoochee River in order to 
provide limited "navigation windows" belo\v Jim Woodruff Lock and Darn in the 
spring, releasing large pulses of water for brief periods, followed by rapid 
dewatering of important aquatic habitats. 

7. The October 1989 draft ACF WaterContro1 Plan adopted a policy 
of reducing releases from Lake Seminol.e to. 5,000 cubic feet per second in 
conditions of extreme drought, to the•detrin1ent<)fdo,vnstream habitats. This 
poiicy rnntinues. to he ineffoct. 

Impacts on Florida 

The Corps' abov(.>described activities affect Florida's coastal resources inthe Apalac.hicola River 
Basin and Bay, including but not limited to the :following impacts: 

A. Apalachicola River .S)wtem 

I. Changes inthe•frcqucncy .. duration, magnitude, and timing of 
inundation and. saturation of aquatic habits in the river and floodplain, caused by 

1 
The signatories included all water supply prnvi<lers named above except for the cit ks ofHufbrd and Cumming. 
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Corps activities,.impact biological connmmitics including fishes, aquatic 
invertebrates., other river-floodplain anlmals,.and floodplain vegetation_ For 
cxa111ple, the lilh cycle of fishes is dependent (m seasonal flows in the river, 

2. The Apalachicola River has been designated a critical• habitat for 
Gulf sturgt.o.n,. designated •a "threatened" spccieSunder the Endangered Species 
Act and a species of special conce.rn uiH.h..w Florida lavv .. Flo-.,,vrcductions and 
nwdifications•cr1nsed by Corps activities render this critical habitat um1s;c1bfo, 
l.ikely take members of th.is species, and mayjcopardize the species' cont.inned 
existence, 

3. Annual fioods help to maintain the Apalachicola floodplain, the 
largest forested floodplain .in Florida. Lo\vcr fio\vs caused by Corps activities 
decrease the ability of floodplain soils to retain \.VUt.cr aft.er the Hood season ends; 
increase the frequency and severity of drought~like conditions; isolate aquatic 
habitats fron1·the main river channel;•and cat1sc degradation in water quality from 
decreases in dissolved ox.ygcn. 

4. Reduced fioodplaiuhahitat, caused by Corps activities, resnlts in 
loss of habitat for spa\.vning, feeding, and nurseryareas for fish and '>vildlife, 
including species listed under FloridaJa\v as <ff special concern: shoal bass. 
blncstripe shiner, !Jarbour's map turtle, alligator snapping turtle, and Suwannee 
cootcr. 

5. Dramatic·changes in tlo\.v and stage caused by thc·Corps' use of 
mw.igafo.m window·s affect fisheries by disrupting spawning activities •and Cm1also 
leadtostranding of juveniles and adults in the backwaters and floodplains, 
resulting in loss of year-duss and potential spawning adults. 

6. Hydrologic alterations in floodplains caused by Corps activities 
may alter forest composition and increase the risk of invasion by exotic plants. 
River bed degradation n::sulting fror:n scour belo\v Corps dams also is likely to 
alter forest co1nposition. 

B. Apalachicola Bay 

1, Cornmt:rdaJ harvests of blue. cnibs and.oysters correlate with 
n::dnctlons ln.frcsh\vater flows into•thc13ay. LO.\V-fiO\V, high .salinity conditions 
cause increased mortality of juvenile oysters. 

/. ·1:·\t'l'"'l. ''S ,,,·ly\.-; ,.1,,, 11,·i,-vi ,:)i'S, ., 'll'S··'•'V ·11;:,h1' t--:,f f(;r• ··1 ,,,,,,·1 c•t·•\··t··, (' '. , •. ., n,v -- .. ;,. ,-\. 1.U X..-,. j-;•J. _ _,.-_~ ~,;,>,,,._, --~,;,.__._H,H.~l} J.H, .. -. -.;...·j:} . _,_:,_.__, ._,L.;.1,_ ._. { .1'. L<l .. 4,..., . .,,.: . .11. ·~·· 

and.estuarine species, and a key.component ofthisnurscry function is the 
provision of sufficient nutritionaLinput fr1r the developing larvae and juveniles. 
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This nutrientinputis pri1narily derived from phytoplankton, which depend in 
large parl on freshwater flows from the upper watershed. Departures from the 
natural variation of hydrological regimes, caused by Corps activities, likely aHect 
estuary productivity. 

C'onsistency Determinatim1 

Because the Corps' current and proposed. activities affoctresources ofFlorida's coastal zone,the 
Corps must prepare and submit to Florida .::1 consistency detennination under the CZ!Vl/\ before 
engaging in or approving these activities. Enforceable policies of the FCMP \vhich the Corps 
should consider include, but are rl()t limited to, the following statutes: §§ 373.016,373.019(5), 
"~1171• '>,.,,., )')" "7'> ')'>'> "7" 1"''('>) r•1 S (•· ·1 ·· · f \ _,/_. . ., ., 1 J,_.:,,,,, .:>, .),_,n, .:1. ,1,,:,.._,1,_, J., r a. , . .tat regu atmg consumptive use,s o ,vater, 
(implemented byFla. A.dmin. Code R. 62-40.410, 40A-2.3tH,. 40A-2.3.l l, 40A-2381); 
§§ 373.413, 3 73Al4, 373.4161 Fla. Stat (regulating ,:vater storage and management of reservoirs) 
(implemented by Fla. Admin. Code R. 40AA.Oll; 40A-4.301); § 373A30(l)(a), Fla. Stat, 
§§ 403 .. 02L 403.31(7), 403.061, 403.061, 403.161, Fla. Stat. {prohibiting pollution, which is 
broadly defined as any hurnan-induced impairment of ·water); §§ 258.36, 258.37, 258.39, Fla. 
Stat (prMccting A.patachicob Bayas an aquatic _preserve);§§ 253.034., 259.032, Fla. Stat. 
(protecting subnwrged lands and lands purchased forconservation) (implemented by Fla. Admin. 
Code R. 62-302.700 (protecting Outstanding. Florida \Vater.s, including Apalachicola River and 
Bay)); § 3 70.025, Fla. Stat (protecting marine fisheries), §§ 372.072, 372.0725, Fla. Stat 
(protecting species \Vhich.mc·endangered, Hu-i;~atened,.or of special concern) {implemented by 
Fla. Admin, Code Rule 68A- l .004(26),(73),(77)). 

Ongoing Activities 

Pursuant to the CZNL!\, the Corps is obliged to provide Floricb ,vith its consistency 
detenniri<'itlon befote undertaking activities affecting Florida's•coastal resources, including the 
activities described above. 16lJ.S.C. § 1456(c)(l )(C). The Corps is in violation ofthis 
obligation. Florida demands that the Corps (l) immediately cease activities, as dcscfihcd above, 
that affect Florida's coastal resources and thatareinconsistent vvith the FC:tvlP; and (2) not 
resnnw activities that affect Florida's co{1stal zone until the Corps has modified those activities 
and provided Florida v.:ith a consistency determination as required bytheCZMA. Sucb 
determination rnust contain documentation necessary to dernonstratc consistency, to the 
maximum extent practicable, \vith th~~ errfr.lrceabk> policies of the FC\'vlP. Please reply to confirm 
that the C0:rps wiU act accordingly. 

Sincerely, 

~a .. ·. 
-1:rJv S~!IV n, Mant:f!:: 
{) · .Of11ce of Inter~overnmenta! Programs 
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