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ABSTRACT:  Reliance on groundwater resources by 
differing governing bodies can create transboundary 
disputes raising questions of ownership and appor-
tionment as the resource becomes strained through 
overuse or threatened by contamination.  Trans-
boundary disputes exist at varying scales, from con-
flicts between countries to smaller disputes between 
intrastate jurisdictions.  In 2005 within the United 
States, the State of Mississippi filed a lawsuit 
against its political neighbor and their utility, the 
City of Memphis and Memphis Light, Gas, and  
Water, for groundwater deemed owned by the State 
of Mississippi to be wrongfully diverted across the 
state line and into Tennessee by the defendants.  The 
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basis of the lawsuit was potentiometric maps of 
groundwater levels for the Memphis aquifer that 
showed under suggested pre-development conditions 
no flow occurring across the Mississippi-Tennessee 
state line, but subsequent historic potentiometric 
maps show a cone of depression under the City  
of Memphis with a clear northwesterly gradient  
from Mississippi into Tennessee.  The suggested pre-
development conditions were derived from limited 
groundwater level observations between 41 and 74 
years post-development.  A new pre-development 
map is constructed using historic records that range 
0-17 years post-development that shows the natural 
flow is northwesterly from Mississippi into Tennes-
see and transboundary groundwater quantities have 
actually decreased since pre-development conditions. 

(KEY TERMS:  water allocation; water law; data 
management; water supply; Memphis aquifer.)   

Waldron, Brian and Daniel Larsen, 2014.  Pre-
development Groundwater Conditions Surrounding 
Memphis, Tennessee:  Controversy and Unexpected 
Outcomes.  Journal of the American Water Resources 
Association (JAWRA) 1-21.  DOI: 10.1111/jawr.12240 
 

INTRODUCTION 
Transboundary water disputes are occurring more 

commonly as freshwater resources become strained.  
Conflicts, arising when water usage by one party be-
comes restricted due to the actions of a second party, 
occur at varying scales, from large international 
scale to smaller, intrastate jurisdictional scales (Row-
land, 2005).  A chief concern in assessing solutions to 
transboundary water disputes is knowledge of not 
only the total resource availability and quality but 
also how those resources have been redistributed or 
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otherwise impacted due to human activity (Rowland, 
2005).  A common approach to water quantity or dis-
tribution disputes is to determine the water move-
ment prior to water development, to use quantitative 
modeling to assess pre- and post-development 
groundwater budgets, and to apportion the resource 
according to sustainable yield (e.g., Rainwater et al., 
2005; Coes et al., 2010).  Significant challenges to  
establishing pre-development conditions are the lack 
or inconsistency of historic data and consistency of 
measurements made in the past as well as natural 
variability that may or may not be sampled by the 
available historic record (e.g., Meko et al., 2007).  
Further complicating the picture is the legal presen-
tation of water resource data that were never intend-
ed to be applied to establish pre-development condi-
tions across jurisdictional boundaries.  In this contri-
bution, historic data acquisition and verification for 
rigorously determining pre-development water levels 
in a regional aquifer subject to a transboundary  
water dispute are discussed.  The revised pre-
development water level map is used to estimate pre-
development water transfer across the boundary and 
demonstrate the importance of rigorously establish-
ing pre-development hydrologic conditions in trans-
boundary water disputes. 

 
TRANSBOUNDARY WATER ISSUES AND THE 

CASE OF THE MEMPHIS AQUIFER 
Examples of international transboundary ground-

water disputes are numerous.  In Western Europe, an 
inventory of transboundary groundwater conditions 
was conducted in 1999 by the Core Group Ground-
water and the United Nations Economic Commission 
for Europe (UNECE).  Of the 37 countries queried, 25 
responded with a total of 89 transboundary aquifers 
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identified (Arnold and Buzas, 2005).  The results 
from the questionnaire indicated that >85% of the 
transboundary aquifers had groundwater quantity 
monitoring programs and roughly 80% had ground-
water quality monitoring programs.  Recognition  
of transboundary waters between two parties has 
culminated into joint monitoring agreements, such is 
the case with the United States (U.S.) and Mexico 
(1988), Switzerland and France (1978), Germany and 
Austria (1987), and others (Eckstein and Eckstein, 
2005).  Yet, interestingly, a conflict between parties 
is not always recognized among those who utilize the 
same resource.  For example, Arnold and Buzas 
(2005) point out that one of the discrepancies in the 
aforementioned survey was that a transboundary 
aquifer may have been identified by one country but 
not by its counterpart.  Confusion regarding owner-
ship of groundwater beneath one’s land owing to  
the paucity of groundwater law also exacerbates 
transboundary groundwater conflicts; such is not so 
much the case with surface water (Matthews, 2005). 
Surface water, because of its visible passage across 
the landscape, has a long history of water conflict law 
and thus the laws are better defined (Arnold and 
Buzas, 2005).  It would seem that at the international 
scale transboundary groundwater conflicts have had 
more exposure (U.S.-Mexico Water Treaty, 1994; 
UNECE Water Convention), yet resolutions are still 
rarely achieved (Fuentes, 1999; Eckstein and Eckstein, 
2005). 

In the U.S., recognition of groundwater in trans-
boundary water issues has found substantiation in 
surface water disputes, primarily in the mid-western 
and western states.  Here, groundwater as early as 
the late 1800s was considered a tributary to surface 
water.  The two systems have been treated as in-
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separable such as in Colorado (McClennan v. Hurdle, 
1893; Medano Ditch Co. v. Adams, 1902; Comstock  
v. Ramsay, 1913), New Mexico (Templeton v. Pecos 
Valley Artesian Conservancy District, 1958; City of 
Albuquerque v. Reynolds, 1963), Nebraska (Sporhase 
v. Nebraska, 1982), and Arizona (Maricopa Co.  
Municipal Water Conservation District v. Southwest 
Cotton Company, 1931 and 1932). 

In the southeastern U.S., the humid-temperate 
climate and associated precipitation (mean annual 
precipitation in Memphis is 142 cm/yr) may account 
for the lack of clarity in water right’s law in compari-
son to the more arid western part of the country, yet 
groundwater conflict in this water-rich environment 
does exist.  In 2005, the State of Mississippi filed an 
action lawsuit against the City of Memphis and the 
major utility, Memphis Light, Gas, and Water 
(MLGW), in Tennessee, claiming that groundwater 
withdrawal from the Memphis aquifer by MLGW had 
caused diversion of groundwater from beneath Mis-
sissippi into Tennessee (Hood v. City of Memphis, 
2009).  The State of Mississippi claims that under 
pre-development pumping conditions, the ground-
water gradient and, hence groundwater flow under 
homogeneous, isotropic conditions, was east to west 
(Criner and Parks, 1976) parallel to the Mississippi-
Tennessee state boundary.  They further contend 
that since the pre-development period, which is  
considered to have ended in 1886 with construction 
of the first commercial well in Memphis, ground- 
water withdrawals from the Memphis aquifer in 
Tennessee, primarily within Shelby County, have 
caused the gradient to reorient to a southeast-
northwest direction (Criner and Parks, 1976;  
Graham and Parks, 1986; Parks and Carmichael, 
1990; Kingsbury, 1996; Brahana and Broshears, 
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2001), thus causing groundwater claimed to be 
owned by the State of Mississippi to move northward 
into Tennessee. 

The first well drilled and screened in the Memphis 
aquifer was constructed by R.C. Graves, owner of the 
Bohlen-Huse Machine and Lake Ice Company 
(Bohlen-Huse) well in downtown Memphis in 1886.  
Pumping from this well is considered to mark the  
beginning of groundwater development from the 
Memphis aquifer.  Of note, the water that issued 
from the well was abundant and of great quality as 
described by Safford (1890). 

The water was clear and sparkling, tonic and pal-
atable.  People drank of it.  Crowds soon collected 
about the flowing fountain.  Policemen were in 
requisition.  The news spread like wildfire.  The 
elixir of life had been found.  Memphians of all  
degrees, high and low, old and young, with buckets 
and jugs, coffeepots and tin cans, waited in long 
files to be served, each in turn, from the gushing, 
hygienic well.  And so for days.  In good weather 
there could be seen lines of baby carriages, each 
with its little occupant, reaching from the well a 
square or so away.  Physicians gave prescriptions:  
“Let the baby drink artesian water.” 

Pumping of groundwater from the Memphis aquifer 
in Shelby County, Tennessee has continued to  
increase exponentially since 1886 (Criner and Parks, 
1976; Hutson and Morris, 1992; Hutson, 1999;  
Webbers, 2003). With the current groundwater with-
drawal at 712,000 m3/day, pumping has undoubtedly 
caused changes in groundwater movement from  
regions in neighboring Mississippi and Arkansas into 
Tennessee.  Of critical importance regarding appor-
tionment, however, are the deviation in hydraulic 
head from pre-development to current development 
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conditions and availability of water to all potential 
users.  A new pre-development potentiometric surface 
of the Memphis aquifer is presented based on the 
historical records between 1886 and 1904 that show 
the natural hydraulic gradient of groundwater was 
southeast to northwest, and thus flow was north-
westward from Mississippi to Tennessee.  The new 
potentiometric surface map indicates that calcula-
tions based on the pre-development conditions sug-
gested by Criner and Parks (1976) would greatly  
underestimate the natural pre-development inter-
state water transfer.  Determination of total inter-
state groundwater transfer is further complicated  
in this case by urban development and associated 
groundwater pumping in northwestern Mississippi, 
which was not addressed in the State of Mississippi 
lawsuit.  This case study details the historical  
approach to determining pre-development conditions 
and some of the problems attendant to clarifying pre- 
to post-development changes in transboundary water 
transfer. 
 

SITE DESCRIPTION 
The Eocene Memphis aquifer underlies Shelby 

County, Tennessee, and the adjoining counties in 
Tennessee, Mississippi, and Arkansas (Figure 1).  
The Memphis aquifer is a thick, prolific freshwater 
aquifer that is part of the Mississippi embayment 
(ME) aquifer system (Hosman and Weiss, 1991).   
The ME is a shallow sedimentary basin that spans 
parts of nine states in the south-central U.S. with  
an axis that approximately follows the trace of the 
Mississippi River.  The ME is filled with nearly 1,000 
m of unconsolidated sand, silt, and clay in the study 
region (Cushing et al., 1964). 
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The Memphis aquifer is 250 m thick in Shelby 
County and tapers to no thickness along the margins 
of the ME (Waldron et al., 2010).  South of the  
Tennessee-Mississippi state line, multiple thin clay-
rich confining units separate the Memphis aquifer 
interval (the transition zone in Figure 1) into multi-
ple aquifer systems (Brahana and Broshears, 2001), 
including the Sparta aquifer that is correlative to the 
upper section of the Memphis aquifer and the Merid-
ian (Mississippi) or Carrizo (Arkansas) Sand that is 
correlative to the lower section of the Memphis aqui-
fer (Waldron et al., 2010). 

The Memphis aquifer in Shelby County is confined 
above and below by the upper Claiborne confining 
unit and Flour Island confining unit, respectively.  
However, the upper Claiborne confining unit in  
Shelby County is leaky (Parks, 1990) and is known to 
provide an avenue of recharge from overlying water 
sources to the Memphis aquifer (e.g., Parks et al., 
1995; Brahana and Broshears, 2001; Larsen et al., 
2003).  East of Shelby County, the Memphis aquifer 
is unconfined (Figure 1), but generally overlain by a 
thin ( <5 m) veneer of Pleistocene loess.  The aquifer 
comprised mainly of fine to very coarse sand with 
minor clay lenses, with estimated hydraulic conduc-
tivity values of 15-30 m/day (Parks and Carmichael, 
1990).  The quantity of clay increases and grain size 
of the sand decreases in the Memphis aquifer south 
of the Tennessee-Mississippi state line (Waldron et 
al., 2010); however, the magnitude of the hydraulic 
impact of these textural changes is not known. 
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FIGURE 1.  Map of the Memphis Area and Surrounding 

Region, Showing the Estimated Outcrop Zone for the 
Memphis Aquifer (from Brahana and Broshears, 2001). 

Transition is approximate southern extent of Memphis aquifer 
in northern Mississippi, where the regional middle Claiborne 

is divided into three or more distinct aquifers separated by 
regional confining units (Waldron et al., 2010). 

 

Criner and Parks (1976) developed a pre-
development potentiometric map of the Memphis  
aquifer beneath Shelby County based on five well  
locations that depicted groundwater level conditions 
at the point of discovery of the prolific aquifer system 
in 1886.  They indicate that groundwater generally 
flowed westward from Fayette County, Tennessee, 
across Shelby County and into Crittenden County, 
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Arkansas. Although no water level data were pre-
sented for locations in northern Mississippi, they 
showed perpendicular potentiometric contours along 
the Tennessee-Mississippi state line, suggesting that 
no flow occurred across the state line prior to 
groundwater development (Figure 2). 

 
FIGURE 2.  Pre-development Potentiometric Surface Map  

Prepared by Criner and Parks (1976) Showing Wells 
Used for Control and Dates of Recording Used for Map.  

Memphis aquifer outcrop pattern from Parks (1990)  
shown to illustrate region of unconfined conditions. 

Since pre-development conditions, pumping in 
Shelby County has caused groundwater gradients to 
readjust; hence, the potentiometric contours suggest 
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flow along the Arkansas-Tennessee state line to be 
more eastward, flow from Fayette and Tipton coun-
ties has made a southerly turn and flow along the 
Tennessee-Mississippi state line is now toward the 
northwest (Figure 3).  This trend has been apparent 
since the early 1960s (Criner and Parks, 1976;  
Graham, 1979; Parks and Carmichael, 1990; Kings-
bury, 1992).  The large cone of depression in western 
Shelby County centers on downtown where the oldest 
well fields exist. 

 
FIGURE 3.  Potentiometric Surface Maps for Memphis Aquifer 

in 1960 (Criner and Parks, 1976), 1980 (Graham, 1982), 
and 1995 (Kingsbury, 1996). Illustrating changes in water 

levels in Shelby County, Tennessee as development 
proceeded during the past century. 
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In the unconfined regions of the Memphis aquifer, 
groundwater gradients are expected to be toward the 
river systems, similar to what is observed in the 
shallow aquifer beneath Shelby County (Graham and 
Parks, 1986; Konduru, 2007).  Overall, the general 
flow within the tristate region is toward the embay-
ment axis with a southward trend toward the Gulf of 
Mexico (Hosman et al., 1968). 

Groundwater withdrawal in Shelby has increased 
exponentially since pre-development.  From 1886 to 
1975, withdrawals increased from below 38,000 to 
over 681,000 m3/day (Criner and Parks, 1976).  Over 
the next 20 years, withdrawals plateaued, averaging 
628,000 m3/day (Hutson and Morris, 1992; Hutson, 
1999) before increasing again to a new level of 
710,000 m3/day in 2005 (Webbers, 2003; Kenny et al., 
2009). 

 
HISTORY 

In 2005, the State of Mississippi filed a lawsuit 
against the City of Memphis and MLGW in Tennes-
see, seeking apportionment and compensation (1.3 
billion U.S. dollars) for groundwater that has been 
artificially pulled across the state line between Desoto 
and Shelby counties due to extensive withdrawals by 
the defendants.  Their claim is based on groundwater 
flow patterns inferred from the pre-development and 
post-development potentiometric surface maps of the 
Memphis aquifer described by Criner and Parks 
(1976). 

In February 2008, Judge Davidson of the U.S. Dis-
trict Court for the Northern District of Mississippi 
Delta Division ruled that because the Memphis  
aquifer was an interstate body of water, Tennessee 
as a sovereign entity should be involved in the  
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lawsuit pursuant to Rule 19 of the U.S. Federal 
Rules of Civil Procedure (Hood Ex Rel. Mississippi  
v. City of Memphis, Tenn., 2008).  Because Judge 
Davidson warranted Tennessee’s involvement, lawsuits 
between states must be heard by the U.S. Supreme 
Court under 28 U.S.C. §1251(a). 

The State of Mississippi appealed Judge Davidson’s 
ruling to the Fifth Circuit Court of Appeals.  The 
original ruling by the District Court was affirmed 
(Hood v. City of Memphis, 2009).  The lawsuit was  
elevated to the U.S. Supreme Court who dismissed 
the case without opinion; however, by dismissing 
without prejudice the State of Mississippi can file the 
original action with the U.S. Supreme Court if the 
correct parties are involved and injury is quantified.  
It remains unknown if the State of Mississippi will 
pursue the lawsuit further.  The pre-development 
map constructed from this research will have direct 
bearing on what injury, if any, can be substantiated. 
 

PRE-DEVELOPMENT CONDITIONS 
Criner and Parks (1976) constructed their depic-

tion of pre-development conditions using five water 
level measurements as control.  Two control points 
are in northern Shelby County, the third is in north-
western Fayette County, the fourth control is located 
in downtown Memphis (not the Bohlen-Huse well), 
and the remaining control point is located in the 
southern portion of Shelby County (Figure 2); how-
ever, no data from northern Mississippi were used.  
Criner and Parks (1976) state that the groundwater 
levels at these locations represent pre-development 
conditions in the Memphis aquifer before pumping 
began, which is considered to be 1886 (Criner and 
Parks, 1976; Brahana and Broshears, 2001; Clark 
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and Hart, 2009).  Yet, the time between pre-
development and the water levels used by Criner and 
Parks (1976) spans 41-74 years post-pre-development. 

Earlier records of groundwater levels in the region 
by Glenn (1906), Crider and Johnson (1906), and 
Fuller (1903) tabulate locations of towns or persons 
and information about their wells including well 
depth, depth to groundwater, pump rate, and water 
quality.  The earliest Memphis aquifer well is the 
famous R.C. Graves well in downtown Memphis, 
Tennessee, marking the 1886 pre-development date.  
As shown in Table 1, wells in Glenn (1906) place  
the latest well records only 17 years post- 
pre-development. Mapping these early, near pre-
development period groundwater levels is essential 
to establishing rigorous control on pre-development 
groundwater conditions in the region, but required 
determining or, in some cases, reconstructing the  
locations, ground surface elevations, and screened 
intervals of each of these wells. 
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APPROACH AND METHODS 
Finding Historic Well Locations 

As these late 19th and early 20th Century wells no 
longer exist, determining their location required an 
extensive analysis of archive records available in 
county courthouses, libraries, and digital databases.  
Some well records mention only the town name.  In 
these cases, historic maps were used to place the well 
in the approximate center of the road network for 
that town (see id’s 1-5, 7, 10-13, 15-21, 24, and 31 in 
Table 1).  In these instances, the spatial error would 
be at its largest covering multiple city blocks with 
the largest estimated error at just under 450 m.  In 
many of these instances, the well was used to provide 
water to steam locomotives; in these cases, the well 
was placed near the rail yard (see id’s 14, 22, 23, and 
30 in Table 1).  The remainder of the wells were  
located based on a well owner’s name whose location 
could be determined from either 1900 or 1910 census 
records (i.e., an address) (see id’s 6, 9, and 27),  
property descriptions, and blueprint drawings (see 
id’s 8, 25, and 29) or their property boundary that 
was found on historic plats (see id’s 18, 26, and 28).  
In these latter instances, the spatial error would be 
at its lowest with some well locations mapped direct 
atop the structure in which they were housed.  
Spatial error will be incorporated into the analysis of 
flow across the Tennessee-Mississippi state line in a 
later section. 
Determining Ground Surface Elevations 

The water level for each well was recorded as depth 
to water (Fuller, 1903; Crider and Johnson, 1906; 
Glenn, 1906).  To standardize the water levels, the 
approximate ground surface elevation of the well was 
determined in reference to mean sea level (MSL)  
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using the vertical datum of 1988.  The most accurate 
ground surface elevation came from surveying the 
well.  The original well sites at Helena, Arkansas and 
Forrest City, Arkansas still exist.  A survey traverse 
was performed from a benchmark to the well site and 
the measured ground surface elevation used. 

The second most accurate elevation was from inter-
polation of elevation contours mapped by the U.S. 
Army Corps of Engineers (USACE) during the 1930s 
(USACE, 1932).  Using these older elevation contours 
was critical in downtown Memphis, Tennessee, 
where growth and development have greatly altered 
the landscape.  The only well located in downtown 
Memphis was the Bohlen-Huse well drilled by R.C. 
Graves in 1886. Glenn (1906) stated that the original 
water level in this well was 68.9 m MSL.  Based  
on the location of the Bohlen-Huse facility from an 
1897 Sanborn map, the ground surface elevation as 
interpolated from a 1932 USACE contour map was 
approximately 234 ft (71.0 m) MSL.  Given that  
flowing artesian conditions originally existed at the 
well, the water level for this well was adjusted from 
68.9 m to reflect the 71.0 m land surface elevation.  
Wells (1932, 1933) suggests that the original water 
level for this well was between 70.1 and 71.6 m MSL. 

For the remainder of the wells, the lack of data  
for original land surface elevations, such as that 
available for wells mapped in downtown Memphis, 
required using more recent elevation data:  60-cm 
resolution LiDAR (2006) and the U.S. Geological 
Survey (USGS) national elevation dataset (NED) at 
30-m spacing.  As LiDAR existed only for Shelby 
County, Tennessee, ground surface elevation estimates 
for the wells in Shelby County with the exception  
of the Bohlen-Huse well were determined using this 
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dataset.  The USGS NED dataset was used for the 
remainder of the wells.  For wells mapped to a town 
center, an average ground surface elevation was cal-
culated based on the elevations within the boundary 
of the town’s outskirts as defined by its historic road 
network.  When a town’s boundary could not be  
determined, an elevation was calculated by averaging 
elevations within a square kilometer area centered 
on the well point.  Fewer elevations were included in 
the average for those instances where the well was 
more accurately located to a rail yard or property 
boundary. 

Vertical error is introduced when using the LiDAR 
and USGS NED with the latter having the largest 
error of approximately 2.44 m.  An estimate of  
the vertical error was calculated based on comparing 
the average elevation plus one standard deviation to 
the NED error; the larger of the two was set as the 
vertical error.  As an estimate of the vertical error  
for the LiDAR data was not available, those wells 
whose elevations were measured using LiDAR were 
assigned a vertical error estimate of 2.44 m.  In those 
instances when the well location and elevation were 
surveyed, the vertical error was less than 1 cm.  
Vertical error (see Table 1) will be incorporated into 
the analysis of flow across the Tennessee-Mississippi 
state line in a later section. 
Validating Well Screen Intervals in the Memphis Aq-
uifer 

The final step to assessing wells appropriate for  
determining pre-development conditions was to  
ascertain whether the well was screened within the 
Memphis aquifer.  As none of the well records had 
screen information, it was assumed that the base of 
the well screen was equal to the well’s total depth.  
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Using the total well depth as a guide, nearby geo-
physical logs to each well were used to validate prop-
er emplacement in the Memphis aquifer. 
Constructing Memphis Aquifer Pre-development  
Water Levels 

The pre-development groundwater level condition 
for the Memphis aquifer shown in Figure 4 was  
developed using 27 control points over an 11-county 
footprint.  Water level contouring was a two-part 
process.  First, Delaunay triangulation was performed 
to obtain a preliminary representation of the water 
level contours.  Using the triangulation results plus 
the distance measurements from the convex hull,  
water level contours were adjusted further by hand 
to smooth jagged contours often associated with  
this technique and more accurately represent the 
groundwater/surface water connection in the uncon-
fined area of the Memphis aquifer. 

In Fayette and Haywood County, Tennessee where 
the Memphis aquifer is unconfined, groundwater 
contours were drawn to depict gaining streams, 
crossing the streams where the ground surface 
equaled the groundwater contour elevation (Figure 
4).  The lack of data control in Mississippi prevented 
detailing water level conformation to stream valleys.  
Along the Tennessee-Mississippi border, ground-
water gradients are not east to west as suggested by 
Criner and Parks (1976), but they have a northwest 
orientation across the state line before turning west-
ward in northern Shelby County and Tipton County 
toward Arkansas.  Once in Arkansas, the gradients 
turn south following the overall plunge of the ME 
toward the Gulf of Mexico (Hosman et al., 1968). 
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FIGURE 4.  Pre-development Potentiometric Surface for the 

Memphis Aquifer from This Study. 
 

A comparison of groundwater volumes crossing  
the Tennessee-Mississippi state line, specifically 
along the Shelby County-Desoto and Marshall  
County boundary, is made using our proposed pre-
development conditions and more recent conditions 
as mapped by Schrader (2008).  To estimate the  
volumes of flow crossing between Mississippi and 
Tennessee specifically along the Shelby County  
border, Darcy’s law was employed using a range of 
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saturated thickness of 209-284 m (Gomberg et al., 
2003), a range of hydraulic conductivity of 13-18.6 
m/day for the Memphis Sand (TN) or Sparta Sand 
(MS) (Waldron et al., 2010), and calculated hydraulic 
gradients that vary in magnitude depending upon 
location along the Shelby County southern border. 

For the pre-development condition as shown in 
Figure 4, volumetric water rates range from 156,292 
to 294,378 m3/day across the range of hydraulic  
conductivity and aquifer thickness with an average 
rate of 219,922 m3/day.  A range of hydraulic gradi-
ents across the Mississippi-Tennessee state line 
along Shelby County was derived from the contours 
where they vary between 0.00034 and 0.00138.  
Devlin (2003) offers an alternative quantitative 
method to deriving gradients from the observed point 
heads in a linear gradient field.  Following Devlin’s 
approach, the gradient across the state line is 
0.00026, lower than that derived from the contours.  
As the gradient field, as interpolated from the water 
level, suggests a non-linear flow pattern across the 
state line, the gradients derived from the contours 
will be used.  When considering the vertical error 
(see Table 1), the volumetric flow-rate range expands 
to be between approximately 139,000 and 331,000 
m3/day with an average rate of 221,000 m3/day.  The 
spatial location error is not considered as it does not 
impact the position of the contours. 
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FIGURE 5.  Regional Potentiometric Surface for the 

Memphis Aquifer and Middle Claiborne Aquifer 
(south of transition zone)  Developed by Schrader (2008). 

 

The same calculation was repeated using the same 
aquifer parameter ranges, but using the 2007  
Memphis aquifer potentiometric surface by Schrader 
(2008) (Figure 5).  The groundwater gradient in 2007 
is primarily west to northwest from Mississippi into 
Shelby County except along the western edge where 
a groundwater divide is present (Figure 5).  The 
range of gradients is 0.000132-0.00170.  The estimat-
ed quantity of flow crossing into Shelby County from 
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Mississippi using Schrader’s (2008) potentiometric 
surface is on average 186,000 m3/day with a range  
of approximately 132,000-249,000 m3/day.  Without 
information from Schrader (2008) on the spatial and 
vertical error of their water levels an analysis of  
error cannot be performed. 

 
DISCUSSION 

The State of Mississippi claimed that pumping in 
Shelby County, Tennessee caused groundwater from 
the Memphis aquifer to reorient its original, pre-
development direction from east-to-west to northwest 
across the state line; hence, water that was once the 
property of the State of Mississippi was now being 
withdrawn for use in Tennessee.  Mississippi based 
its claim on the pre-development potentiometric  
surface map presented by Criner and Parks (1976) 
that was estimated using four control points with no 
southern control proximal to the state line border.  
The validity of the downtown control point used by 
Criner and Parks (1976) is questionable as it was  
not taken from an actual well screened within the 
Memphis aquifer, but was a water level extracted 
from an underground network of tunnels that collected 
and conveyed groundwater as it rose under pressure 
into the tunnel network.  The three remaining control 
points are in the northern part of Shelby and Fayette 
counties.  The water levels used for these controls are 
at least 68 years post-pre-development, which is  
considered to be 1886.  Although Criner and Parks’ 
(1976) map was useful for illustrating the overall 
pre-development water levels in Shelby County, 
Tennessee, for the scope of their study, the map is 
clearly inappropriate for supporting the State of  
Mississippi’s claims. 
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In cases of transboundary groundwater quantity 
disputes, such as that between the State of Missis-
sippi and MLGW, preparation of a well constrained 
water level map based on data approaching pre-
development conditions is essential.  The pre-
development water level map of groundwater condi-
tions in the Memphis aquifer presented in this study 
uses 27 control points whose latest water level  
records are only eight years post-pre-development 
(1886).  Six control points are within Shelby County 
with the remainder scattered throughout the adjoin-
ing counties of which three are in Mississippi.  
This improved pre-development map indicates that 
groundwater naturally flowed from Mississippi into 
Tennessee prior to major pumping within Shelby 
County.  The estimated average quantity of flow from 
Mississippi into Shelby County around the time of 
pre-development was approximately 220,000 m3/day 
as compared to zero or no flow according to Criner 
and Parks (1976).  Accounting for uncertainty in the 
data, the volumetric flow crossing from Mississippi 
into Shelby County, Tennessee is still much greater 
than zero where the range is approximately 139,000 
and 331,000 m3/day with an average rate of 221,000 
m3/day. 

Schrader (2008) indicated that in 2007 the Mem-
phis aquifer water levels were oriented toward the 
pumping centers, causing a large cone of depression 
under downtown Memphis.  Groundwater gradients 
along the Shelby/Desoto County lines were primarily 
northwestward into Shelby County.  Along the state 
line near the eastern edge of Shelby County, the  
gradient (see Figure 5) had a more westward orienta-
tion as compared to the northwest direction shown in 
Figure 3; hence, less groundwater would pass from 
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Mississippi into Tennessee at this location.  Given 
that urban growth in northwestern Mississippi has 
increased greatly over the past 20 years and is fast-
est growing urban area in the State of Mississippi, it 
is likely that groundwater may in the future move 
from Tennessee to Mississippi.  The lack of well  
control and thus contours along the southwest corner 
of Shelby County limits the accuracy of our average 
estimate crossing the Mississippi state line (186,000 
m3/day) into Shelby County.  Adding greater control 
near the two southern corners of Shelby County  
on future groundwater level mapping efforts will  
improve our ability to better estimate the amount of 
groundwater flowing across the state line. 

The results of this study raise concern in the State 
of Mississippi’s claim that MLGW altered a zero-
gradient flow condition along the Shelby County to 
now unrightfully pull groundwater across the county 
line due to excessive pumping in Shelby County.  
This study demonstrates the utility of accurate  
reconstruction of early groundwater conditions in  
assessing the validity of transboundary water  
disputes.  This research also amplifies the importance 
of retaining historic groundwater level records and 
the need for additional groundwater level control 
along political boundaries that may separate regional 
groundwater resources. 
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