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DEPARTMENT OF THE ARMY
Chicago District, Corps of Engineers
219 South Dearborn Street
Chicago, IL 60604-1797

ANNUAL REPORT

MONITORING OF DIVERSION
OF LAKE MICHIGAN WATER
AT CHICAGO, ILLINOIS

INTRODUCTION
BACKGROUND

The City of Chicago, as well as some of its suburbs, have
drawn on Lake Michigan for the source of their municipal water
supply for practically their entire history. When the flow of
the Chicago River was reversed and the Chicago Sanitary and Ship
Canal was completed, this flow of water was effectively diverted
from the Lake Michigan (St. Lawrence and Atlantic Ocean)
Watershed to the Illinois River (Mississippi and Gulf of Mexico)
Watershed. This practice continues today, although closely
controlled by the State of Illinois, with the oversight of the
U. S. Army Corps of Engineers, as decreed by the U. S. Supreme
Court. This report is one of a series of Annual Reports
prepared by the Corps of Engineers as a report on the monitoring
activities of the Corps to the parties to the Supreme Court
litigation and to the general public.

This report reviews the Corps findings concerning the
computation and measurement of diversion flows for Water Year
1983 (1 October-30 September), as presented by the State of
Illinois in its report, Lake Michigan Diversion Accounting for
Water Year 1983 (attached as Appendix A). The report discusses
the Corps activities, findings and conclusions, and other events
concerning Lake Michigan water diversion for the period October
1982 through September 1985 inclusive.







AUTHORITY FOR REPORT

Under the provisions of the U.S. Supreme Court decree in
Wisconsin, et al v. Illinois et al, 388 U.W. 426, 87 S.Ct. 1774
(1967) as modified 449 U.S. 48, 101 S.Ct. 557 (1980), the Corps
of Engineers is charged with monitoring the measurement and
computation of diversion of Lake Michigan water by the State of
Illinois. The responsible state agency is the Illinois
Department of Transportation-Division of Water Resources (IDOT).
Under the terms of the modified decree, the Corps is required to
report annually to the parties of the litigation on the
diversion activities of the State of Illinois.

HISTORY OF LAKE MICHIGAN DIVERSION

Water has been diverted from Lake Michigan at Chicago into
the Mississippi River Basin beginning with completion of the
Illinois and Michigan Canal in 1848. At that time, diversion
averaged about 500 cubic feet per second (cfs). Upon completion
of the Chicago Sanitary and Ship Canal in 1900, the flow
direction of the Chicago River was reversed and a permit was
issued by the Secretary of War for the diversion of 5,000 to
10,000 cfs.

In 1922, the State of Wisconsin, concerned about the effect
of diversion on lowering Lake Michigan levels, sought an '
injunction to prohibit the State of Illinois from diverting Lake
Michigan water. The Supreme Court issued a decree in 1930 :
establishing a phased reduction in the diversion down to an
annual average of 1,500 cfs, in addition to domestic pumpage, by
30 December 1938.

Another U.S5. Supreme Court decree in 1967 limited the
diversion of Lake Michigan water by the State of Illinois and its
municipalities, this time including domestic pumpage, to an
average of 3,200 cfs over a five year period effective 1 March
1970.

The 1967 U.S. Supreme Court decree was amended on 1 December
1980 in response to action brought by the original complainants
joined by the states of Minnesota, Ohio and New York. This
modified decree extended the period for determining the running
average diversion rate allowable from five years to forty years
and changed the beginning of the accounting year from 1 March to.
1 October. :

Three specific provisions of the amended decree affected
the role of the Corps of Engineers. First, the Corps may enter
into an agreement with the State of Illinois to do the
measurement and computation of diversion flows on a cost-sharing
basis. The Corps has chosen to not exercise this option due to






the possible dilution of the Corps oversight function and the
dependence of the monitoring and accounting on two independent
sources of funding. As such an agreement is not in force, the
measurement and computations of the diversion are being done by
IDOT through its consultants, the Northeastern Illinois Planning
Commission (NIPC), the Metropolitan Sanitary District of Greater
Chicago (MSDGC), and the United States Geological Survey (USGS).

Second, the supervisory role for the Corps is increased, in
that the Corps is responsible for auditing the State's
computations and measurements.

Third, every five years the Chief of Engineers shall
appoint a three-member Technical Committee to determine if the
best current engineering practice and scientific knowledge for
measuring the diversion is being employed and to make
recommendations as appropriate. The decree stipulates that
"...the members should be selected on the basis of recognized
experience and technical expertise in flow measurement or
hydrology." and be reconvened at least once every five years.
The first Technical Committee was convened in June 1981 and
completed its work in April 1982.

DIVERSION MONITORING PROGRAM
OVERVIEW OF PROGRAM

The Corps' Program Review has concentrated on IDOT's
effort, with USGS, to improve the measuring and recording of
flows at Lockport, a recommendation of the first Technical
Committee, and on IDOT's development and calibration of a new
accounting process.

Flow Measurement

The first Technical Committee questioned the accuracy of
flows measured at Lockport and recommended that the flow rating
curves be field checked and recalibrated if necessary. The
Chicago District retained the Corps' North Pacific Division to
prepare an estimate of cost to investigate and upgrade the
turbine flow measuring process at the Lockport Powerhouse. The
cost of completing this work was found to be prohibitive. The
Corps' Waterways Experiment Station (WES) conducted mathematical
studies to upgrade the stage-discharge rating curves for the
powerhouse sluices and the controlling works sluices. The new
stage-discharge curves, as developed by WES, were used to
compute total flow at Lockport for the 1983 Water Year.






Rather than incur the expense of revising and recalibrating -
the several rating curves for the various structures at
Lockport, IDOT opted to install an Acoustic Velocity Meter (AVM)
in the Sanitary and Ship Canal upstream from Lockport at the
Romeoville Bridge. The use of the AVM will resolve a number of
issues raised by the first Technical Committee. The device was
installed in March 1984 and calibration was completed in March
1985. Flow data from the AVM were used as an independent check
on hydrologic trends developed by the new accounting process.
IDOT intends to use AVM data for all Lockport measurements
beginning with the 1985 water year.

The AVM employs acoustical transducers to measure the
velocity of sound through water. The flow is determined from
the downstream component of the sound waves. The AVM is
positioned at the Romeoville Bridge, approximately six miles
upstream of the Lockport facilities. The advantages of this
location are that it is on a relatively uniform reach of the
Chicago Sanitary and Ship Canal, no major inflows or outfalls
exist between the AVM and the controlling works, and it is
located far enough from the controlling works that pool drawdown
is not a significant factor in the accuracy of measurements.
While the AVM does not measure flow at Lockport, as specified by
the decree, the flows measured by the AVM are the same flows
which pass through the Lockport facilities downstream.

calibration of the AVM was completed in March 1985. This
consisted of seven sets of field measurements taken using
standard Price AA current meters. The last set of these
measurements was completed on 4 March 1985. Total flows for
each set of field measurements were calculated and compared to
the flows reported by the AVM for the same time period. The AVM
record showed agreement within 2% for five of the seven field
tests. The remaining two tests were conducted while the canal
level was fluctuating and results varied by (+) 4.0% and (+)
8.8% from AVM records. Calibration checks are to continue
quarterly to insure that the accuracy of the AVM is maintained.

A system flaw was found in March 1985 with a breakdown of
the AVM device. A passing vessel severed the AVM transducer
communications cable rendering the AVM inoperable. No data were
gathered for thirty days. Following its repair in April 1985,
the AVM was not recalibrated until a field check on 29 August
which showed that the AVM was recording only 80% of field
measured flow. IDOT reported that USGS is currently addressing
the problem.

Under IDOT's diyection, the USGS developed a backup system
using a regression analysis of Brandon Road Lock flow records to
determine flows in the event of AVM malfunction. The Corps
plans to evaluate this method as well as alternatives and will






discuss endorsement of and the need for this backup system in the
1986 Annual Report.

Accounting Procedures

The Corps maintained close contact with IDOT and its agent,
the Northeastern Illinois Planning Commission (NIPC), during the
development of the new accounting procedure. This new procedure
uses a hydrologic model to account for flows throughout the
diversion area. The basic model is a variation of the Hydro-
Comp Model originally developed by NIPC to conduct Section 208
Water Quality Studies. It has been used for several studies by
NIPC and other agencies, including the Corps in its Chicago
Underflow Plan (CUP) Study.

Using a form of comparative analysis of historical flows
combined with samplings of flow computation checks, the Corps
verified the reasonableness of the model. Simulated and reported
flows for specific diversion components were compared with
historic trends for the respective flow components (figure 2).
The AVM data available were also used to determine the
reasonableness of the hydrologic model. AVM records for 1985
were plotted with MSD Lockport records (figure 4) and the plots
analyzed for trends. These trends were compared against similar
plots of the hydrologic model's simulated flows vs. Lockport
records for 1983 (figure 5).

In both cases, similar trends were observed. The simulated
flows derived from the new accounting system tend to be higher
than the Lockport record during low flow conditions.

Conversely, during high flow, or storm events, the simulated
flows are lower than the Lockport record. This same trend is
established by the AVM for the 1985 data, indicating a strong
degree of reliability in the hydrologic model. It is important
to note that much of the formulation of the new hydrologic model
was done prior to the availability of the AVM records;
therefore, this type of a comparison is an excellent independent
check.

Other Activities

The Corps finalized its Standard Operation Procedure (SOP)
for the measurement of leakage at Lockport Lock. This SOP will
be followed in the event that measurement of flow at Lockport is
required (as opposed to the measurement of flow by use of the
AVM at Romeoville). Copies of the SOP are available at the
Chicago District Office of the Corps of Engineers.






DIVERSION ACCOUNTING REPORT FOR WATER YEAR 1983

On 27 November 1985, the State of Illinois submitted the
revised Lake Michigan Diversion Accounting Report for Water Year
1983 to the Corps of Engineers (Appendix A). The report
highlighted three areas of interest:

a. a major modernization of the accounting process,

b. the inclusion of sewer induced groundwater pumpage as a
deduction, and

¢. the use of new, Corps-developed, rating curves to modify
the recorded flow at Lockport.

Hydrologic Model

The 1983 Accounting Year Report was developed using the
hydrologic model described above. Use of the new model will
result in improvement in the bookkeeping and computational areas
of the accounting process while not changing the basic formula
decreed by the Supreme Court. The model allows actual reported
water supply data to be used where the earlier method relied on
the previous year's supply data. Additionally, in areas where
direct flow measurement is not feasible, the hydrologic modeling
provides synthetic flow determination based upon actual
rainfall, ground cover, and land use parameters for the ungaged
area.

The hydrologic model used is a variation of the Hydro-Comp
Model. The model was used to allocate flows entering the
Chicago waterways among their various sources. The allocation
is made between both point and non-point sources which include
Lake Michigan, municipal treatment plants, combined sewers,
groundwater, commercial and industrial plants and precipitation
runoff. '

In 1976, the basic NIPC Hydro-Comp Model was calibrated to
local climatic, physiographic and anthropogenic conditions.
This involved an adjustment of mathematical relations so that
the relevant physical reactions are accurately represented by
the model. For diversion accounting purposes, the model was
modified by dropping water quality parameters.

Once calibrated, the model was verified for the years 1969
through 1982 by summing the component flows and comparing the
sums with the total measured Lockport flow (Table 2). The sums
ranged from 6% below to 10.8% above Lockport records. The
synthetic (or non-measured) flow components for the annual sums
ranged from 6% to 12.4% of the totals.






An integral part of the accounting system is the water
budget system employed in the model which allows component
verification at various checkpoints. Simulated flows (the sum
of individual components) for a watershed sub-area are compared
with recorded measurement at metered points such as sewage
treatment plants or pumping stations. A variance in the
comparison may provide indication of errors in the raw data or
in the system itself.

Sluice Discharge Rating Curves

The first Technical Committee recommended that the flow
rating curves for the Lockport facilities be checked and
verified. The Corps conducted preliminary investigations on the
turbines, powerhouse sluices, and controlling works sluices. The
results indicated that the rating curves were inaccurate. 1In
April 1983, the Corps' Waterways Experiment Station, through
mathematical model and other analytical studies, developed new
flow curves for the powerhouse sluices and controlling works
sluices. This work is documented in Lockport Power Plant Sluice
Gate and Control Works Discharge Evaluation, dated September
1985, and 1is available at the Chicago District Office of the
Corps of Engineers. The new rating curves were used to modify the
MSD Lockport flows by adjusting the flow computations for the
sluices. For the 1983 water year, the modifications reduced the
diverted flow by 180 cfs.

Sewer Induced Groundwater Pumpage

The State of Illinois, in a letter dated 7 May 1984,
proposed that an unmeasured component of groundwater pumpage be
treated as an allowable deduction. This component, termed
"Sewer Induced Groundwater Pumpage," was defined by the State as
", ..that groundwater which would have evaporated or filtered
into lower aquifers if not for the presence of the sewer
networks."

The State based its proposal on the premise that, as the
sewer action requires pumps to move the water from the upper
water table to the treatment plants, this component is part of
the allowable deduction for groundwater pumpage. For Water Year
1983, IDOT determined this component to be 47 cfs. This factor
was not included in any flow computations.

Flow Computations

The total annual flow at Lockport for Accounting Year 1983
is reported as 3,991.5 cfs. The total reported deductions .
amounted to 403.5 cfs, as identified in columns 4, 5, 6 and 8 in






Table 1. The net total diversion for Accounting Year 1983 is
reported as 3,613.1 cfs. As of 30 September 1983, the long-term
average diversion flow is 3,268.8 cfs. (Averaging began with
water year 1881). A graphlc representation of component portion:
is given in figure 6.

FINDINGS CONCERNING DIVERSION ACCOUNTING PROGRAM

Domestic Pumpage

Domestic pumpage is water pumped from Lake Michigan or from
groundwater sources for some purpose. The U. S. Supreme Court
decree includes water pumped for industrial use as domestic
pumpage. Domestic pumpage from Lake Michigan, and from
groundwater sources recharged by Lake Michigan, is diversion
when it reaches the river/canal system as sewage. Domestic
pumpage from other groundwater sources is deducted from the
Lockport flows.

Domestic pumpage is measured dlrectly at the inltlal supply
pump stations. Lake Michigan water is measured at the water
intakes and the primary treatment plants. Groundwater
withdrawals are measured at the pump stations. The new
accounting system uses a consumptive use factor of 0.9 to
represent water supply pumped which actually passes Lockport as
sewage effluent.

The Corps interprets the language in the decree on domestic
pumpage as implying mun1c1pal and industrial water supply. The
use of the 0.9 factor in the new accounting model to represent a
reduction due to consumptive uses appears reasonable.

Non-Diversion Runoff

Runoff from outside of the Lake Michigan Watershed which
reaches Lockport through the sewer system is deducted from the
total diversion. The primary source of this flow is from the
Des Plaines Watershed. The Des Plaines Watershed is divided
into three subareas for which non-diversion runoff flows are
calculated. These are the Upper Des Plaines, Lower Des Plaines
and Summit Conduit. “

Upper Des Plaines Watershed

Under the old accounting system, water flows were measured '
at the Upper Des Plaines Pump Station (UDPPS). A correction
factor was used to include areas not tributary to UDPPS. Any
Lake Michigan water reaching the UDPPS was subtracted from the -
flow and the modified flow was deducted from the Lockport flow.







Under the new system, estimated flows based on water supply,
precipitation, sewer infiltration and sewer treatment plant flows
are used.

The Corps found that the simulated flows failed to match the
recorded flows at the UDPPS (figure 7), but did match the flows
at the West-Southwest Treatment Plant at Stickney (figure 8). A
field inspection by the Corps verified that, during high flow
periods, flows were capable of bypassing the UDPPS metering
system. Conversely, during low or normal flows, effluent being
pumped could leak back into the sump, resulting in double
counting and high metered flows. During the 1983 water year, the
new system reported 109 cfs of which 77 cfs flowed through the
UDPPS. Direct measurements at the UDPPS were 85 cfs, or 10%
higher than simulated.

Lower Des Plaines Watershed

The configuration of the Lower Des Plaines Watershed
prevents the direct measurement of total flow at any single
point. Under the old system, flows were measured on the Hart
Ditch and substituted for the Lower Des Plaines Watershed. The
Hart Ditch Watershed is similar in topography and geology. By
multiplying Hart Ditch flows by a factor of .95 to account for a
slight difference in area, a representative flow estimate was
produced.

The first Technical Committee suggested that land use
factors, such as surface cover, percent combined sewer use and
population density, be compared to verify the substitution
representation. The new system generates an estimate of flow
using hydrologic simulation based upon data gathered directly
from the Lower Des Plaines Watershed. The hydrologic simulation
for Water Year 1983 resulted in a flow of 121 cfs compared to S0
cfs from the Hart Ditch substitution (figure 3). Aan
investigation of precipitation records from the two watersheds
showed that the Lower Des Plaines Watershed received
approximately 36% more precipitation than the Hart Ditch
Watershed. This fact accounts for a significant difference in
the runoff of the two watersheds.

In the case of the Lower Des Plaines Watershed, all runoff

is deductible since it is intercepted by the Cal-Sag Channel and
carried directly to Lockport.

Summit Conduit

The Summit Conduit collects sewage and runoff from a small
area of the Des Plaines Watershed. In prior years, the conduit
was gaged and flows were directly recorded. The first Technical






Committee questioned the accuracy of the gaging system in use.
The new accounting system replaces direct measurement with
hydrologic simulation based on the characteristics of the
drainage area. The hydrologic simulation for Water Year 1983
resulted in an average annual flow of 13.7 cfs. The gage
recorded an average annual flow of 14.9 cfs. '

Grand Calumet River

The Grand Calumet River flows into the Little Calumet River
above the O'Brien Lock and Dam. The Indiana Canal connects the
Grand Calumet with Indiana Harbor, allowing flow directly into
Lake Michigan. Flow in the Grand Calumet between the Little
Calumet River and Indiana Canal can go either east or west,
depending upon the hydraulic gradient. The location of the
hydraulic summit between the Indiana Canal and the Little
Calumet River is dependent upon the elevation of Lake Michigan.
As the lake level rises, the summit moves east, closer to the
Indiana Canal. The amount of sewage effluent from the Hammond,
Indiana treatment plant flowing into the Little Calumet River
and then into Illinois is thus dependent upon the level of Lake
Michigan. The publication titled Flows Crossing the Lake
Michigan Diversion Boundary in Indiana, completed in 1978,
documented a method of estimating the quantity of Indiana
domestic pumpage which reaches Illinois as sewage effluent based
upon the level of Lake Michigan and the record of domestic
pumpage. For the 1983 Water Year, that guantity is estimated to
be 50.7 cfs. o

Summarx

Historical flows at Lockport were plotted against
historical runoff component flows (Figure 2). The plots did not
result in a linear correlation between total flow at Lockport
and runoff component flows. Instead, the plots showed a
scattering of data points. The 1983 values for runoff
components are reasonable when compared to the range of historic
values, as shown in the table below.
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Table 3 - Components of runoff

Historical

Range
1983 (1969-1982) % Difference

Lockport recorded 4170 3206 3795 +10%
Summit Conduit

Recorded 14.9 8 14 +6%

Simulated 13.7 in range
Lower Des Plaines Watershed

Hart Ditch Substitution 90 11 96 in range

Simulated ' 121 +25%
Upper Des Plaines

Recorded 121 49 129 in range

Simulated 109 in range
Illinois Watershed

Recorded 231 51 231 in range

Simulated 244 +5%
Total

Recorded 461.9 119 470 in range

Simulated 487.7 +4%

FINDINGS CONCERNING DIVERSION ACCOUNTING REPORT FOR WATER YEAR 1983

The Corps' review of the State of Illinois' Lake Michigan

Diversion Accounting Report for 1983 (Appendix A) can be

summarized as follows:

a. the use of a hydrologic model in flow accounting is
consistent with state-of-the-art technology and provides
reasonable accounting of non-measured flows;

b. the use of Corps-developed flow rating curves for the
Lockport Powerhouse and Controlling works sluices improves

11






the accuracy of measured flow for these flow components;

C. the inclusion of sewer induced groundwvater pumpage as a
deduction is not consistent with the U.S. Supreme Court
decree and cannot be used; and

d. differences between Precipitation data recorded by MSDGC
and that provided by the National Oceanographic and
Atmospheric Administration (NOAA) exist which may be greater
than can be explained by localized meteorology.

Hydrologic Model

A two-tier approach to the final certification of the new
accounting procedure is being taken by the Corps. The first
level is a determination of the reasonableness of the simulated
flows produced. This determination is based on comparative
analysis of the simulated flows versus historical data for the
same component flows. Sample procedures and results were
discussed earlier in this report.

The second level will be a detailed analysis of the model's
algorithms and flow parameters to be done during 1986. This
analysis will be the basis for final certification of the
accounting system. It is noted that approximately 80% of the
flows are directly measured and that in those cases where
measured data is in conflict with simulated flows, the measured
data was used in the accounting report for Water Year 1983.

Flow Measurements

The Corps conducted several spot-checks of MSDGC
computations of flow through the powerhouse, lock, and
controlling works at Lockport. The total flows computed by MSDGC
were also graphically compared with the modified (using the
Corps-developed rating curves) Lockport flows reported by IDOT
(figure 9). A number of differences in daily flows were
identified. Those particular daily flows were then analyzed for
reasonableness based on the anticipated &ffect of the new rating :
curves. Those daily flows which differed from the anticipated ;
result were recalculated by the Corps. Apparent errors in 3
calculations thus identified were reported to IDOT and corrected :
in the final IDOT Accounting Report.

Sewer Induced Groundwater Pumpage 1

IDOT's proposal to include sewer induced groundwater _
pumpage as a component of the groundwater pumpage deduction is
based on an October 1981 study, summarized in Part III of the

12







Accounting Report for Water Year 1983 (Appendix A). In a May
1985 report, titled Report on a proposal by State of Illinois
Department of Transportation, Div151on of Water Resources to
Consider Induced Infiltration as a "Deduction in the Lake
Michigan Diversion Accounting Procedure, the Corps recognized
that "...sewer joints, given surrounding positive head
differential, will drain near subsurface flow, some of which
would not have reached the Lake Michigan watershed if surface
urbanization were as it is today and sewers had not been
constructed...".

In a separate action (10 July 1985), the U. S. Department
of Justice has rendered an opinion that the inclusion of sewer
induced groundwater pumpage as an allowable deduction requires
an amendment to the decree.

The State of Illinois has taken exception to the Justice
Department's opinion as ignoring the State's allegation that
sewer induced groundwater pumpage is a portion of the
groundwater pumpage component which is already addressed in the
decree. Justice has reaffirmed its position (23 August 1985).

The total quantity in question for Water Year 1983 is 47.1
cfs. ’

Precipitdtion Data

The Accounting Report for 1983 identifies a concern that
precipitation data provided by MSDGC varies significantly from
that received from NOAA. After review of the data used in the
flow simulations, the Corps found that the precipitation data
used by IDOT was significantly lower than the published data for
MSDGC gages. While the total effect on diversion flows is
small, correcting the precipitation data would result in an
increase of deduction runoff and ultimately lower the total
diversion for the 1983 water year.

Certification of Flows

After review of the Accounting Report for Water Year 1983
and the data from which it was derived, the Corps found the
following flows to be correct and are certified:

Total annual average flow at Lockport 3,991.5 cfs
Total deductions from Lockport record 403.5 cfs
Lake Michigan domestic pumpage not reaching canal 25.1 cfs
Total diversion for Water Year 1983 3,613.1 cfs
40-year average 3,268.8 cfs
Total diversion to date (Water Years 1981 - 1983)

above 3,200 cfs: 206.4 cfs-years

13






FUTURE PROJECTS AND STUDIES BY CORPS OF ENGINEERS

As a result of the recommendations of the first Technical
Committee, the Corps is preparing a Master Plan for the Corps
review of accounting procedures. The Master Plan is scheduled
for completion in 1986.

Second Technical Committee

The second Technical Committee will be convened in Fiscal
Year 1986. The committee is expected to further review the new
accounting system and the reliability of the current system of
measuring flows. The committee will be charged with providing
overall review and recommendations to improve the technical
processes used in diversion accounting considering the current
best engineering and scientific methods.

Calibration and Documentation of Flow Components

The Corps will initiate procedures in Fiscal Year 1986 to
establish and review calibration procedures and documentation
for the primary diversion flow components. Currently, some
calibration of primary flow devices is conducted, but little
documentation is done. The Corps program will initiate a formal
review which will add periodic document review to continuing
field monitoring of calibration efforts.

The Corps will evaluate the proposed backup to the AVM.
Alternatives will be evaluated based on accuracy, reliability
and cost effectiveness.

The need for a gage at the Summit Conduit, discontinued in
October 1984, will be evaluated. The previous gage was
improperly located. Flow is currently being estimated by
hydrologic simulation. The evaluation of a replacement gage
will consider accuracy vs. hydrologic simulation as well as cost
effectiveness of on-site metering. :

Review of Hydrologic Model

Of immediate concern to the Corps is a comprehensive
detailed analysis of the new accounting model. This review will
transcend that done for this report in that the specific program
logic, flow algorithms, hydrologic parameters and calibration
procedures will be analyzed and reviewed by Corps experts on
hydrologic modeling for the purpose of verifying the model for
continued use as the sole accounting systemn.

14






Phase I TARP Effects on Accounting

The main stem of Phase I of the Tunnel and Reservoir Plan
(TARP) was placed in operation on 25 May 1985. The impact of
the system on accounting and any required modifications to the
accounting program proposed and/or implemented by IDOT will be
studied during the coming months.

RECOMMENDATIONS AND CONCLUSIONS

REVIEW OF STATE OF ILLINOIS' RECOMMENDATIONS

Based on IDOT's recommendations as provided in Section VII
of the 1983 accounting report, the Corps concludes the following:

-

IDOT Recommendation:

Further investigations into the accuracy of recorded
flows at the Controlling Works and Powerhouse at
Lockport are needed. Particular attention is needed

“to quantify submergence at the Controlling Works and

its cause.
Corps' Conclusions:

This is needed only if the controlling works and

- powerhouse at Lockport are used as the backup

measurement system.
IDOT Recommendation:

The MSDGC should incorporate the revised Corps'
ratings for free flow discharge into their calculation
of discharge for the Controlling Works and Powerhouse.
The MSDGC should also establish a continuous record of
tailwater elevations at a suitable location downstream
of the Controlling Works.

Corps' Conclusions:

MSDGC should use the revised rating curves.
Furthermore, if the controlling works and

powerhouse flows are needed as part of a backup
measurement system, then tailwater and headwater gages
should be installed at the controlling works. The
responsibility for accomplishing these changes is
IDOT's.

15






IDOT Recommendation:

Further investigation is needed to determine the
reasons for imbalances between estimated and recorded
flows at the three major MSDGC treatment plants. Are
for investigation incliude the following:

1. Model assumptions with respect to sanitary
return flow and infiltration and inflow
quantities.

2. Possible leakage from the Canal through
combined sewer overflow structures.

3. Possible unreported major discharges to the

plant from groundwater or surface water supply
return flows.

Corps' Conclusions:

We agree with IDOT's recommendation. It is

expected that IDOT will sponsor such investigations a:
funding allows.

IDOT Recommendation:

The monitoring of flow at the Upper Des Plaines
Pumping Station should be discontinued for diversion
accounting purposes due to uncertainties in its recor¢
which cannot be resolved without significant increased
maintenance and flow monitoring changes.

Corps' Conclusions:

We agree to discontinue the monitoring of this flow;
however, it is expected that total flow records at thi
gage will continue to be maintained by IDOT in order t
be used as a system check for any significant shifts i
output trends from this service area. Data derived
from the records should be provided in tabular format.

IDOT Recommendation:

Investigations into the possibility of long-term
biases among precipitation gages reporting to NOAA,
MSDGC and the City of Chicago should be undertaken
based on significant differences noted during the 1983;
water year. ;

4
s

Corps' Conclusions:

We support such an investigation by IDOT.
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f. IDOT recommendation:

Flow monitoring at the Summit Conduit should be
discontinued due to problems with frequent gage
malfunctions, the relatively small amount of flow from
this area, and the ability to reasonably estimate
flows from this area using pumpage data and runoff
simulation.

Corps' Conclusions:

The Corps is not convinced that this gage site should
be discontinued. The measurement of this component
will be a work task to be reviewed by the second
Technical Committee in FY 1986.

g. IDOT Recommendation:

The flow transfers from the MSDGC's design O'Hare
service area to the Northside Treatment Plant should
be metered to provide a better estimate of quantity
and flow variations.

Corps' Conclusions:

We support IDOT's implementation of such metering.

SUMMARY CONCLUSIONS

The Lake Michigan diversion accounting program is going
through significant modifications in the technical methodology
used in computing total flows at Lockport and in the computation
of the deductions. The main features of these changes are a
result of the first Technical Committee review. These features
are the concern over the installation and reliability of the
AVM, the existing MSDGC total flow measurement procedure and
results, and the NIPC water balance methodology.

As discussed in both the IDOT report on Water Year 1983 and
the Corps review, some minor inconsistencies still exist within
the accounting system. Notwithstanding these inconsistencies,
the results represent an improvement in the accounting
procedures. Just as the physical features of the diversion area
are dynamic, so is the accounting system itself.

It is expected that the implementation of the first
Technical Committee's recommendations will, over the next
several years, continue to improve the diversion monitoring
system. The review by the second Technical Committee, scheduled
to begin in the spring of 1986, will result in future
improvements to the overall system as well.

17
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CORPS OF ENGINEERS' FINDINGS

Based on the review of the State of Illinois' report, Lake
Michigan Diversion Accounting for Water Year 1983, data
collected by agencies of the State of Illinois, computation
sheets, field investigations and special studies conducted by o

for the Corps of Engineers, the Corps reaches the following
conclusions:

a. Annual Lake Michigan Diversion for Water Year 1983 is
correctly reported by the State of Illinois as 3613.1 cfs.

The long-~term average diversion flow, as of 30 September
1983, is 3,268.8 cfs.

b. The new accounting system is reasonable in its approact
and produces a final accounting product which is reasonable
and in agreement with historic trends. The new accounting
system produces overall results which are substantiated
using state-of-the-art measuring techniques. Pending a
rigorous and detailed analysis, the new accounting system
is provisionally certified for future use. The Corps
accepts the new accounting system for Water Year 1983. Use

in subsequent years is subject to the results of further
review.

C. A backup system to the AVM for measuring Lockport
flows is still necessary and should be maintained.

d. The Department of Justice has taken the position that
the proposal by the State of Illinois for "sewer induced
groundwater pumpage" cannot be allowed as a deduction.
Illinois will continue to report "sewer induced groundwater
pumpage" as a component of diversion flow in their
accounting program.

e. It is appropriate to account for the non-diversion
flows from the Lower Des Plaines watershed using flow
estimates derived from the hydrologic model rather than the
substitution method previously used.

f. Variations in precipitation data gathered from

different sources exceed what can be explained by localized
meteorology. This may affect the accuracy of non-diversioni

runoff flows. /{C)

'Frank R. Fifgh, P.E.
LTC, Corps Engineers
District Endineer ‘

-

T ]
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LAKE MICHIGAN DIVERSION ACCOUNTING FOR WATER YEAR 1983

1. Introduction

The 1983 water year accounting for the State of Illinois'
diversion of Lake Michigan water is the result of a major effort
by the state to improve the "accounting procedure, Previous
accounting procedures had relied on estimation techniques which
met the directives of the U.S. Supreme Court decree but did not
attempt to cross check measured and estimated values. The new
accounting procedure also meets the directives of the U.S.
Supreme Court decree and at the same time, through a system of
water budgets, checks whether the water entering key points in
the diverted watershed system balanées with the total water

leaving those points,

A. Budgets

A total of 13 water budgets were prepared using both measured and
estimated data, the 1latter obtained from simulation of the
hydrologic response of the major sewer systems and ungaged
watersheds. The water budgets are the starting point for the
analysis of data collected to prepare the diversion accounting
report. These budgets are discussed in detail in the Lake

Michigan Diversion Accounting Manual of Procedures (NIPC,

1985). In balancing against the most important flow budget,
Lockport Powerhouse and Controlling Works, over 85 percent of the

flow data was measured and less than 15 percent estimated.






Table 1 shows the budgets used ih the new accounting procedure

Budgets 1 through 3 are not true budgets, in the sense the

inputs are measured against outputs, but rather are summations o

critical water supply pumpage data by user. Further, Budget
4,9,10, and 11 do not independently balance inputs versu:
outputs. These budgets are used ﬁo estimate stormwater runoff.at
Stream gages by subtracting Sanitary and point source flow fron
the streamflow record. Budgets 5,6,7,8,12 and 13 compare
measured and estimated inputs against measured output. At the
Metropolitan Sanitary District of Greater Chicago (MSDGC)
treatment plants (Budgets 5,7,8 and 12) this is actually a
balancing of estimated inputs versus measured inputs to the

treatment plants, since Plant effluent is not measured.

Table 1: water Budgets

Ak

Tributary

No. Name to Nos.

1 Lake Michigan Water Supply ' 4-11, 13 .
2 Groundwater Supply Lake Michigan Watershed 4-11, 13
3 Groundwater Supply Des Plaines Watershed 5-8, 12, 13 |
4 North Branch Chicago River at Touhy Avenue 13 3
5 Northside Treatment Plant 13

6 Upper Des Plaines Pumping Station -7

7 West-Southwest Treatment Plant 13

8 Calumet Treatment Plant 13

9 Little Calumet River at State Line 11

10 Thorn Creek at Thornton 11

11 Little Calumet River at South Holland 13

12 Lemont Treatment Plant 13

13 Lockport Powerhouse and Controlling Works

A-4







B. The Accounting Report

Following the preparation of these budgets, their components are
used to computé the accounting report. Table 2 is the new
accounting report for the 1983 water year. Table 3 shows the
MSDGC hydraulic report format. Columns 1 through 6 of the MSDGC
hydraulic report fo;mat have been condensed into a single Column
1, Total Measured Flow at Lockport. Eventually, this column will
be reserved for total flow measured by the AVM station near
Romeoville. Column 2 of the new report is the same as Column 7
of the MSDGC format, accounting for withdrawals above Lockport.
Column 3 is the same as Column 8 of the MSDGC format and is the
summation of total flow past Lockport plus canal water supply
withdrawals. Column 4 (MSDGC Column 9) is groundwater pumpage
from the Lake Michigan watershed by Illinois the sewage effluent
derived from which reaches Lockport. Column 5 (MSDGC Column 10)
is groundwater pumpage by Illinois outside the Lake Michigan
watershed the effluent from which reaches Lockport. Column 6
(MSDGC Column 11) is all Indiana domestic pumpage the sewage

effluent derived from which reaches Lockport.

Columns 7 and 9, sewer induced groundwater pumpage from Indiana
and Illinois, respectively, have no equivalent in the MSDGC
reports. The concept of sewer inddced groundwater pumpage refers
to subsurféce runoff, or groundwater, which ordinarily would not
reach a stream but because of the presence of sanitary or
combined sewers, 1is "pumped" due to increased hydraulic

efficiency to treatment plants as sewer infiltration and then

A-5
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Table 3: MSDGC Hydraulic Report Format

Column Number

o~ > W

10
11
12

13
14

16
17
18

19

Entry

Turbines 1 & 2
Exciters

Sluice Gates
Powerhouse
Controlling Works

Leakages

Lockages

Industrial and other Withdrawals
Total Flow at Lockport

Domestic Pumpage

Groundwater Sources in the
Lake Michigan Watershed
Groundwater Sources Outside the
Lake Michigan Watershed

Indiana and Wisconsin

Storm Runoff and Infiltration from
Illinois River Watershed
Diversions into Lake Michigan
Total Deductions

Total Diversion Entering Canal
Lake Michigan Pumpage Entering
Canal

Direct Diversion and Storm Runoff
from the Lake Michigan Watershed
Domestic Pumpage from Lake
Michigan by Illinois Bypassing
Canal

Total Diversion from Lake Michigan
by Illinois







recorded at Lockport. Although this is essentially groundwater
pumpage and does not represent a component of Lake Michigan
diversion, the U.S. Dept. of Justice has issued an opinion that
the current wording of the decree does not allow this to be
included as a deduction to the Lockport record. Illinois
disagrees with this interpretation, but has not included this
component of groundwater as a deduction. Hence, this component

of flow is included as part of Illinois' Lake Michigan diversion.

Column 8, (MSDGC Coluﬁn 12) is runoff from the Des Plaines River
watershed which reaches Lockport. Column 10 is the summation of
Columns 4 through 9 and it is the same as MSDGC Column 14. It
represents the total deductions from the record at Lockport.
Column 11 (MSDGC Column 18) is Lake Michigan pumpage diverted
past Lockport, and therefore not measured, which must be added to

the record at Lockport. 1Included in the value of this column are

Lake Michigan water supply pumpage to communities in the Des
Plaines watershed, Lake Michigan pumpage diverted to the Des
Plaines by the North Shore Sanitary District (NSSD) and the
portions of the combined sewer overflows to the Des Plaines which
are derived from Lake Michigan water supply pumpage. Adjustments;
are made in this column for pumpage by federal facilities which;
reaches Lockport. Column 12 is the same as Column 19 of th{
MSDGC report and it is the sum of Column 3 and Column 11 minus:

Column 10.






Columns 13 through 15 present additional information not actually
used in the computation of Illinois diversion. Column 13 is
total water supply pumpaée from Lake Michigan by users in
Illinois. Pumpage by federal facilitiés (Ft. Sheridan, Great
Lakes Naval Training Center, Glenview Naval Air Station and Hines
Veterans Hospital) is not iﬂcluded. This column is similar to
MSDGC Column 16 except for the addition of Glenview Naval Air
Station., Column 14 is stormwater runoff reaching Lockport from
the diverted watershed. The MSDGC did not compute a separate
stormwater number but rather computed a value by subtracting Lake
Michigan domestic pumpage (MSDGC Column 16) from total diversions
entering the canal (MSDGC Column 15) calling it stormwater and
direct diversion (MSDGC Column 17). These values, given the
MSDGC procedures, were somgtimes negative. This seemingly
anamolous result can be explained by residual error (resglting
from computational procedures) and consumptive water supply
losses (evaporation, transpiration, and industrial cohsumption
above Lockport). The new Column 14 is the summation of direct
runoff and treatment plant infiltration and inflow reaching
Lockport from the diverted watershed. Thus it is an independent
estimate of runoff. Direct diversions through lake controlling
structures by Illinois are now covered separately by Column 15 of
the new accounting format. Lockage, leakage, navigational makeup
(including ice control), and discretionary diversion at Wilmette,
O'Brien and the Chicago River Controlling Works as reported by

MSDGC are included in this column.






The new accounting report simplifies the procedure specified in
the U.S. Supreme Court decree and highlights Lake Michigan water
supply pumpage diverted to the Des Plaines River. This will be
an area of increased interest as more communities outside of the
diverted watershed begin to use Lake Michigan water but do not

return it past Lockport.

The decree states that total Lake Michigan pumpage by Illinois,
the sewage effluent derived from which reaches Lockport, must
first be subtracted from the record at Lockport. Later, the
decree states that total Lake Michigan water supply pumpage, the
sewage effluent derived from which reaches the Illinois waterway

either above or below Lockport, must be added to the record at .

Lockport. This is the same quantity shown in Column 13 of the ;

new accounting report. The difference between these two water

supply pumpage numbers is Lake Michigan pumpage by‘Illinois,aj@g_;
sewage effluent from which is diverted to the Des Plaines‘gi;etﬂ
and reaches the Illinois waterway below Lockport. This quantity
is the same as Column 11, Lake Michigan Doméstic Pumpage Not
Discharged to the canal, (allowing for adjustments for federali

water supply pumpage from the lake).

II. Problems Encountered

Since this was the first year the new accounting report procedure;
was used it was anticipated that problems could be encountered in |
balancing flows. This was indeed the case as can be seen from

the following discussions.
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A. Record at Lockport

Perhaps the most significant question raised during the
preparation of the 1983 accounting.teport was the accuracy of the
record at Lockport. Upon completion of the initial estimate of
total flow past Lockport (Budget 13) it was noted that the
measured record was about 580 cfs higher than the sum of
contributing flow components on an annual basis. This was of
great concern since over 85 percent of the estimated record was
measured data (i.e., direct diversion, treatment plant flows,
etc.) An investigation into possible explanations for the
difference focused on when the differences occurred. It was
noted that the sum of contributing flow components was
significantly lower than the measured record at Lockport during
storm runoff periods and matched or was slightly higher (50-100
cfs) than the measured record during extended dry ~per;iods.
Analysis of runoff in inches at Lockport and two other stream
gages for the four largest storm events during the 1983 water

year yielded the following data.

Dec. 2-10, 1982 Dec. 23-29, 1982 April 1-6, 1983 July 1-6, 19§3
Runoff Precip. Runoff Precip. Runoff Precip. Runoff Precip.

CSSC subwatershed

at Lockport

(431 mi<) ' 6.0 3.8 2.3 2.4 3.1 2.3 2.9 2.2
Little Calumet at

South Holland

(208 mi2) 2.3 4.3 0.7 2.0 1.0 1.6 1.3 4.0

North Branch at
Niles (100 mi2) 2.4 4.1 0.8 1.2 1.4 3.0 0.3 1.9

Since snowmelt was not a factor in any of these events, more
runoff than precipitation in the Sanitary and Ship Canal basin

was an obvious impossibility.
A-11






The U.S. Army Corps of Engineers (COE) had recently completed an
analysis of the sluice gate ratings at the Lockport Powerhouse
and of the free flow and submerged weir ratings at the
Controlling Works sluice gates about 2 miles upstream (COE, 1983;
COE, 1983; COE, 1984). The conclusion of these studies was that
significantly 1less flow could be expected through these
structures using revised ratings developed by the COE. of
special interest was the submerged discharge rating for the
Controlling Works and data obtained by the MSDGC during the 1983
water year which indicated tailwater head on the gate sills up to

92 percent of upstream head on the gate sills,

Using the COE ratings, discharge through the Lockport Powerhouse
sluice gates was recomputed. This. resulted in a 3.0 percent
decrease in sluice gate discharge or 23.0 cfs. Next, free flow
discharge through the Controlling Works was recomputed using COE
ratings. Further, discharges through the Controlling Works were
recomputed to account for submergence on days when actual MSDGC
tailwater observations were available. Also, for hours when at
least 5 gates were open (with gate 7 one of the five) but no
tailwater data was available, an average submergence of 0.89,
based on MSDGC observations for other days, was applied and the
flows recomputed (NIPC, 1985). This analysis indicated that
submergence could explain at least 148 cfs of the difference
between the measured record at Lockport and the sum of
contributing £flow components. With these corrections to the

Lockport record, the flow balance was improved. However, the
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Lockport record remains 400 cfs greater than the sum of measured

and estimated component flows as shown in Table 4.

Table 4: Summary of Flow Components above bockport (Budget 13)
Water Year 1983 (cfs)

Lake Controlling Structures (Measured)

Wilmette 63.6
CRCW 257.0
O'Brien 253.6
Backflows -2.2

Stream Flows (Measured)
North Branch at Touhy 156.1
Little Calumet at South Holland 274.0

MSDGC Treatment Plants (Measured)

Northside 448.8
West-Southwest 1312.4
Calumet 336.7
Adjustment for
Interlake-Riverdale -4.4
Lemont 2.0
Other Point Sources (Measured) 6.1
Summit Conduit (Measured) 15.8
Argonne Withdrawal (Measured) -0.5
Grand Calumet Stream Flow (Estimated) 50.3
Combined Sewer Overflows in
Ungaged Watershed (Simulated) 255.2
Direct Runoff in Ungaged
Watershed (Simulated) l66.1
Total 3590.6
Lockport Recorded Flow (Revised) 3991.0
Difference 400.4
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B. Water Budgets at MSDGC Treatment Plants

The water budgets at the MSDGC Northside (Budget 5), West-
Southwest (Budget 7) and Calumet (Budget 8) treatment plants did
not balance. Estimated inputs are from 10 to 13 percent below
measured inputs. This results in an overall difference of about
240 cfs. The budgets for the MSDGC treatment plants are
constructed by estimating an hourly sanitary return £flow pattern
and quantity and then simulating infiltration, inflow and
combined sewer overflows. Sanitary return flow to the MSDGC
treatment plants was assumed to be 90 percent of service area
water supply pumpage. Except for some revisions in the
representation of separately sewered areas, model parameters used
to govern infiltration, inflow, and .combined sewer overflow
quantities were those established during calibration in 1977 and
modified by recalibration in 1979 (NIPC, 1977; NIPC, 1980).
Since about 80 percent of simulated influent to these MSDGC |

 treatment plants is sanitary flow, the estimation of influent is -

highly sensitive to return flow assumptions and relatively
insensitive to infiltration and inflow parameters. With a 100 |
percent sanitary return flow assumption, simulated influent .

L

totals nearly match recorded flows, but are still slightly lower. ]

Possible reasons why these budgets did not balance, assuming
plant influent records are accurate, include model assumptions,
recycle of river water through combined sewer overflow

structures, and unreported discharges to the treatment plant&ﬂ

An analysis of treatment plant influent components indicated that§






infiltration and inflow would have to be increased 50 percent to
balance the plant budgets since these sources account for only
about 20 percent of the simulated plant influent. This appears
to be an unreasonably large amount eépecially since this would
place runoff yields at about 80 percent of rainfall., Also, based
on observations from plots of simulated and measured treatment
plant influent flows, it appears that the discrepancy in flow is
in the dry weather flow component and could not be made up by an
increase in simulated storm runoff. The correctness of model
parameters, and the resultant_infiltration and inflow components,
will Dbe re-evalgated as additional years of data become

available.

Leakage through improperly seated gates on combined sewer
overflows 1is another possible explanation for the difference
between estimated and recorded treatment plant flows. The MSDGC
feels that leakage to the plants through combined sewer overflow
structures is minimal. But actual data on this phenomenon are
not available. If leakage does occur, NIPC's estimate of
influent does not account for it and so would be expected to be

lower than the measured record.

Another possible explanation for the budget differences is
unreported discharges to MSDGC plants. This explanation is
unlikely because of the large difference of 240 cfs. However, if
there are industries or commefcial buildings using groundwater or

river water whose water supply pumpage has not been counted and

A-15






who return the sewage effluent from these flows to MSDGC plants,

NIPC's estimate of influent would not include them,

This is an important issue since accurate flow balances at
treatment plants can assist in the verification of estimated
infiltration and inflow components, which are wused in the

computation of deductions.

C. Upper Des Plaines Pumping Station

Problems were encountered in balancing Budget 5, the MSDGC Upper
Des Plaines Pumping Station. From the measured reéo:d it appears
that influent to the station does not respond to hydrologic
conditions in the station's watershed. Several occasions were
noted when heavy rainfall in the watershed produced no
corresponding rise in pumping station inflow. Several occasions
were also noted when pﬁmping station inflows increased
dramatically with no significant rainfall in the watershed. The
pumping station flow also did not correspond with the West-
Southwest flow record in terms of hydrograph peaks and dry

periods.

Attempts to estimate pumping station inflow using NIPC's computer
model resulted in a reasonable overall water balance. However,
there was a prevailing inability to match the timing and volume
of flow peaks and dry periods. In contrast, the simulation of
the West-Southwest treatment plant watershed, of which the
pumping station is a part, matched the shape of the measured

plant influent hydrograph reasonably well.






Based on the inconsistencies between the Upper Des Plaines
pumping station record and the record at West-Southwest, the fact
that flow can bypass the pumps and not be recorded, the fact that
flows can be recycled through the station, the fact that the
orifice plates by which discharge is measured have not been
inspected in 20 years, and the fact that the station is unmanned,
it was concluded that the record at the station could not be used

to balance simulated flows in the watershed.

D. Precipitation Gages

Thirteen hourly precipitation records are used to estimate flow
components to MSDGC treatment plants and streamflow for ungaged
watersheds. The average precipitation at these gages in the 1983
‘water year was 42.4 inches with a standard deviation of 6.5. The
variability among the measured precipitation totals was
substantial and the differences seemed to correlate with the
reporter of the data. It was noted, for Aexample, that the
average for the four gages reported to the National Oceanic and
Atmospheric Administration (NOAA) was 49.7 inches whereas the
average for the five gages operated by the MSDGC was 37.5
inches. The average of the remaining four gages was quite close

to the overall average.

Such a difference between gages is, in itself, not unusual since
precipitation is highly variable spatially. However, the fact
that four gages located some distance from one another are

relatively similar to each other in total precipitation yet
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substantially different from other gages in the same geographical

area operated by other agencies, is cause for concern.

If precipitation is being undermeasured it would of course affect
estimates of infiltration and inflow to MSDGC treatment plants
and estimates of total runoff and flow passing Lockpert. This
would help to balance the estimates at the treatment plants
(Budgets 5,7,8) and the total flow estimate past Lockport (Budget

13).

After discussion with MSDGC staff concerning these differences,
no explanation was apparent. Differences have been noted between
records at the 95th Street pumping station which reports to the
Calumet plant and the Calumet plant's raingage to Chicago at the
MSDGC Waterways Control Center. No explanation for these

differences is available.

The impact of these differences in terms of the'total increase in
discharge passing Lockport is estimated to be 32 cfs if .all the
MSDGC gages were assumed to have undermeasured rainfall by 12
inches (NOAA 49.7 - MSDGC 37.5). However, the impact on
diversion for which Illinois is.responsible is minor since only .
the MSDGC west-southwest raingage was assigned to simulate_any;
runoff from the Des ©Plaines watershed and its areal;

representation was relatively minor. Changes in MSDGC rainfall .

amounts therefore would increase deductions for stormwater runoff:

from the Des Plaines, but not to a substantial degree. {

i







E. O'Hare Treatment Plant Watershed Transfers

Although the O'Hare Water Reclamation Plant is now fully on line,
a significant quantity of flow is still being routed from its
design watershed to the Northside plant. The MSDGC has estimated
this quantity at 24.8 cfs but has not specified its origin within
the O'Hare watershed (MSDGC, 1985). It is assumed that sewage
effluent derived from groundwater supply in Des Plaines, Mt.
Prospect, Prospect Heights, and Arlington Heights, along with
infiltration and inflow, comprise this flow. However, the lack
of any metering of this flow along with uncertainties about its
origin or flow pattern suggest that further analysis of this

source may be necessary.

F. Summit Conduit

The measured record at Summit Conduit contains many gaps due to
gage malfunction. The 1location of this gage also has been
criticized by previous investigators (Harza, 1981). As part of
Budget 13 a balance was made between the measured record and the
sum of measured point source inputs and runoff estimated using
NIPC's computer model. In addition to problems with the measured
record, the flow balance was made more difficult to achieve due
to the hydrologic/hydraulic complexity of the 5.4 square mile
watershed. Contributing to this complexity are quarry dewatering
operations and the possible existence of combined sewer
over flows. A flow record exists for the quarry dewatering

operation (Material Service) and in water year 1983 it was
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observed that this flow source contributed greater than 50

percent of the total Summit Conduit flow.

The quarry dewatering operation is somewhat confusing with
respect to its implications on diversion accounting. A small
portion of this pumpage, 0.15 cfs, was subtracted from the Summit
Conduit flow in previous accounting years because this amount had
been counted as a deduction (in Column 5) as non-public
gtoundwater pumpage reported to the ISWS. The current report
follows the same procedure. Though this flow is quite small, it
should be verified that 0.15 cfs is still the amount reported to

the ISWS by Material Service as groundwater pumpage.

III. Sewer Induced Groundwater Punpagé

a
1

Sewer induced groundwater pumpage refers to subsurface runoff
(sometimes called groundwater flow or baseflow) which is induced
to occur because of the presence of a very efficient urnc]ex:g:ouquu

collection system of sewers, and which would not have occurred in.

an unsewered, undeveloped watershed. 1In effect, the sewer systeﬁ?
"pumps" this induced groundwater to wastewater treatment plant&
and to the river system., This is the first year in which thi{

component has been computed and reported.

i

i

Sewer induced groundwater pumpage is determined by hydrologic]-

simulation. Subsurface runoff from pervious areas in the

combined sewer watershed was compared to subsurface runoff from#
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ére-development pervious segment. A pre-development pervious
segment could be characterized as relatively flat, poorly
drained, woody and marshy. The expected hydrologic response of
this pre-development "lowland/forest"™ segment was developed
originally during a hydrologic study of the -effects of

urbanization (NIPC, 1976).

The estimating procedure fér sewer induced groundwater pumpage is
discussed in detail in the accounting manual of procedureé. Very
simply, the amount of induced infiltration is based on the
difference in subsurface runoff between developed grassland and

undeveloped lowland/forest segments.

The computation of sewer induced groundwater pumpage is performed
for Columns 7 and 9. In water year 1983, 308 square miles of
combined sewer area in the diverted watershed yielded 41.11 cfs
of induced infiltration. Separately sewered areas in the
diverted watershed in 1Illinois totélling 106 square miles,
yielded an additional 5.26 cfs. Finally, sewered areas in the
Indiana diverted watershed yielded 0.66 cfs. The total estimate

for sewer induced groundwater pumpage is 47.03 cfs.
IV. Diversion Accounting Report‘Results For Water Year 1983

The accounting report for the 1983 water year by month was shown
in Table 2. Monthly reports by day are shown in Appendix A. The

monthly numbers in Table 2 reflect the dominant hydrologic
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features of the 1983 water Year, large runoff volume and high

lake levels. Discussions of significant column results follow.

A, Column 1: The Record at Lockport

The 3991.0 cfs recorded at Lockport is the highesé amount since
1957 and the second highest in the last 43 years. _However, the
1957 discharge amount included a one fear increased diversion
authorization not to exceed 8500 cfs in addition to domestic
pumpage, thus the 1983 water year is easily tﬁe highest discharge-

under modern diversion restrictions.

One indication of the frequency of large runoff events was the
fact that the MSDGC opened the Controlling Works on 34 different
days during the water year. There were backflow events at
Wilmette on December 2 and 3, 1982 (143 million gallons) and

August 17, 1983 (10.5 million gallons), and at the Chicago Riverl

Controlling Works (248 million gallons) and the O'Brien Locks :

(124 million gallons) on December 3, 1982. The December totaf
Lockport discharge of 6637.1 cfs is the highest discharge for:
that month since 1938. 1In fact, excluding January and February
of 1957, and an unusual March of 1979, December of 1982 is the’
highest monthly discharge recorded at Lockport since 1938. Thé
discharges for other months in the 1983 water year also rank very

high as shown below.
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Again, community groundwater pumpage records for fhe 1983 water
year were combined with 1ISWS groundwater usage data for
industrial and other private users to compute the Qalués in this
column. The average value of this column, also representiﬁg a

deduction, is 55.0 cfs for the year.

F. Column 6: Water Supply Pumpage from Indiana Reaching the
Canal o
This column is the computation of Indiana water supply reaching
Illinois via the Grand Calumet and Liitle Calumet Rivers, which
is deductible from the Lockport record. The influence of high
Lake Michigan levels (annual average = 579.5 1.G.L.D. with over
80 percent of the levels above +1.0 C.C.D.) in the new
computation procedure resulted in a relatively large estimate of
47 cfs for the Grand Calumet deduction. The total deduction

computed for this column is 50.7 cfs.

G. Columns 7 and 9: Sewer Induced Groundwater Pumpage v.j

As previously discussed, sewer induced groundwater pumpage is not ;
included as a deduction even though it is a component of
groundwater, Columns 7 and 9 report the quantities of sewer_:
induced groundwater pumpage - for Indiana and Illinois,
respectively. They contribute a total flow to Lockport of aboutf

47 cfs for this year.






Of interest is the -6.8 cfs value for June, 1983. As explained
in Section III, the procedure for computing induced infiltration
compares subsurface runoff from a typical post-development
grassland area which is underlain with sewers to subsurface
runoff from a typical pre-development, unsewered lowland/forest
area. In the 1long run the post-development area yields
significantly more subsurface runoff than the pre-development
area as a result of increased drainage efficiency due to sewer
installation; hence, "sewer induced groundwater pumpage®. The
presence of sewers in the post-development area causes not only
more subsurface runoff but it also causes that runoff to reach a
stream, or treatment plant, more quickly than under pre-
development conditions. As a result during some periods of the
year the pre-development area may have higher subsurface runoff
yields than the post-development segment due to its slower
release of subsurface runoff. To avoid biasing the computation
of sewer induced groundwater pumpage, these "negative" flows are
included in the computation of the final number. The negative

value for June of 1983 is an example of this situation.

H. Column 8: Runoff from the Des Plaines Watershed Reaching
the Canal

The runoff from the Des Plaines watershed can be separated into

five categories: (1) infiltration and inflow from the upper Des

Plaines watershed to separate and combined sewers tributary to

the three major MSDGC treatment plants which dischargé to the

canal system; (2) total runoff, including infiltration and
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inflow, from the lower Des Plaines watershed to the canai; (3)
infiltration, inflow, and combined sewer overflow from the Lemont
service area; (4) runoff from the Summit Conduit watershed; and
(5) runoff pumped from 13A pumping station to the West-Southwest
treatment plant. Total infiltration and inflow from the upper
Des Plaines watershed was 109 cfs for the 1983 water year. Total
runoff from the lower Des Plaines watershed was 123 cfs. Runoff
from the Lemont service area was estimated at 1.4 cfs,
Deductible runoff from Summit Conduit was estimated at 13.7
cfs. Finally, runoff from the 13A pumping statioﬂ was determined
to be 0.2 cfs, a nearly insignificant amount. Total 1983 watef-
year runoff from the Des Piaines watershed was 247.6 cfs. Of

this amount, about 233 cfs is determined by simulation.

I. Column 10: Total Deductions

Column 10 is the sum of columns 4, 5, 6, and 8. The total

L

deduction from the Lockport record in water year 1983 is 403.5;

3

cfs. The portion of this amount estimated by hydtologicé

simulation is about 233 cfs. An additional 47 cfs for the Grand °

Calumet pumpage deduction is estimated using methods described in

the manual of procedures (NIPC, 1985). :

J. Column 11: Domestic Pumpage from Lake Michigan Not
Discharged to the Canal, With Adjustments e

f

This column represents a slight modification to the accountﬂm?
procedure outlined in the U.S. Supreme Court decree to adjust for |

pumpage by federal facilities, as discussed in Section I. The i






total addition to the record at Lockport from Column 11 is 25.1
cfs. This is composed primarily of pumpage by primary diverters
at Waukegan, North Chicago (minus Knollwood-Rondout), and Lake
County Public Water District, and secondary diversions by
Riverwoods and Lincolnshire. Also, the sanitary portion of Des
Plaines River combined sewer overflows which is derived from Lake
Michigan pumpage is added into the value of this column. As
~indicated, pumpage by federal facilities the sanitary effluent

from which reaches Lockport, is subtracted from the above.

K. Column 12: Total Diversion

Column 12 is determined by subtracting Column 10 from Column 3
and adding Column 1ll. The total diversion for water year 1983 is
3613.1 cfs. This amount is substantially greater than Illinois’
long term diversion allowance of 3200 cfs. However, it is less
than the 3840 cfs allowed by the Supreme Court decree under
extreme hydrologic conditions and less than the 3680 cfs maximum

permitted annual diversion (U.S. Supreme Court, 1980).

L. Columns 13-15: Lake Michigan Water Supply Pumpage,

Stormwater Runoff, and Direct Diversion at Lake Controlling
Structures

Columns 13 through 15 are not used in the computation of
diversion., However, these columns represent the actual
categories of diversion for which Illinois is accountable: Lake
Michigan water supply puméage by non-federal entities in

Illinois, runoff from the diverted watershed, and direct
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diversion through 1lake controlling structures. The sum of
Columns 13 through 15 is 3128.7 cfs. The difference between this
amount and the total diversion determined in Column 12 is 430

cfs. Coincidentally, this amouﬁt is similar to the estimated 393

cfs difference in the Lockport flow balance.

Theoretically, the sum of Columns 13 through 15 should Se close
to the value of diversion. This assumes that measurements of
major flow components, such és Lockport and the lake controlling
structures, are accurate. One reason for expeéting some
difference in the two amounts is consumptive loss from Qater
supply. The computation of diversion from the Lockport record
does not charge Illinois for consumétive loss of pumpage whose
sanitary effluent reaches Lockport; 1i.e., water which is
withdrawn from the Lake and then consumed or lost before reaching
the canal. However, this would suggest that Column 12 should be

less, not greater, than the sum of Columns 13 through 15.

Pursuing the difference between Column 12 and ﬁhe sum of Columns
13-15 further, one might conclude that error lies in one or more
components. The Lockport measurement | has already Dbeen
discussed. If it is truly biased high, then Illinois is being!

charged for more diversion than it should. An error of 10-12

4

percent in the Lockport record could explain the observed;
%
difference. Error could lie in the estimate of runoff. However,%

to explain the observed difference, simulated runoff would have!

to increase nearly 50 percent, Based on the extensive:
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calibration to which the model has been subjected and the yields
such an increase would represent, this seems particularly
unlikely. The measurement of direct diversion at Lake
controlling structures could also .be in error. To account for
the observed flow_differences;-hbwever, this component would have
to be increased nearly 80 percent, which also seems quite

unlikely

The discrepancies observed in the comparisons between Column 12
and the sum of Columns 13-15 and in the flow balance at Lockport
are reason for concern. If error lies in the Lockport record,
then Illinois is being overcharged substantially for diversion.
If error 1lies in the estimation of runoff components, the
computation of diversion will be affected to a lesser extent.
Runoff simulation accounts for a deduction of 233 cfs in water
. year 1983. A potential 50 percent increase in runoff could

result in an additional 120 cfs deduction.

V. CONCLUSIONS

A, The total revised measured discharge of 3991.0 cfs is the
largest recorded at Lockport since 1938. The December,
1982, April, 1983 and July, 1983 discharges are among the
top ten monthly discharges recorded at Lockport since 1938,
excluding two months in 1957 when increased diversion at the
lakefront was allowed. Total diversion by Illinois was

3613.1 cfs for water year 1983.
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The estimated record at Lockport, determined by the
diversion accounting procedures, is 400 cfs lower (10
percent) then the record measured.by MSDGC and revised using

COE ratings and estimated and recorded submergence values.

Based on COE ratings, the record at the Lockport Powerhousg
{

Sluice Gates was reduced by 23.0 cfs for the 1983 water year

from a reported 774 cfs to a new value of 751 cfs.

Based on COE ratings under both free flow and submetgenq
conditions and tailwater observations obtained by the MSD "
for several 1large runoff events, the record at th}
Controlling Works, was reduced by 148 cfs for the 1983 watéf

year from a reported 369 cfs to a new value of 221 cfs.

The estimated influent to the three major MSDGC sewa{
treatment plants (Northside, West-Southwest, and Calumet}
using the diversion accounting procedure is 243 cfs (1

percent) less than the amount recorded by the MSDGC.

Although a reasonable overall flow balance was obtained
the Upper Des Plaines Pumping Station between the.estimat;
total influent and the MSDGC recorded total influent, sever
problems in the timing df runoff flows prevents this budgff
from being used to check total infiltration and infif;

estimates from the Des Plaines watershed.
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Significant differences were noted among the average
precipitation amounts recorded at the NOAA gages (49.7
inches), the MSDGC gages, (37.5 inches), and the City of
Chicago gages (41.3 inches). It is unlikely that these

differences can be explained by spatial variability. The

'MSDGC has noted differences in values recorded at their 95th

Street pumping station and values recorded at the Calumet
plant and telemetered to their downtown recording station.
No explanation for these differences is apparent.
Adjustment of MSDGC rainfall amounts to NOAA average amounts
could result in an estimated 32 cfs of additional runoff
from the ungaged diverted watershed. This would help only
minimally to explain the current 400 cfs difference between
estimated and recorded flow at Lockport. Increasing the
rainfall at the MSDGC raingages would have only a minor
impact on 1Illinois' diversion since the MSDGC gages were
used for the simulation of runoff from only a small portion

of the Des Plaines watershed.

Sanitary flow, infiltration, and inflow are still being sent
from the design MSDGC O'Hare treatment plant service area to
the MSDGC Northside treatment plant. These flows are not
recorded, but were estimated by MSDGC to be about 25 cfs in

the 1983 water year.

The Summit Conduit flow record is unreliable due to
significant gage malfunctions. A balance was made between

this record and estimated and measured flows in the Summit
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Conduit watershed. Estimated runoff and measured guarry and
industrial flows could be used to compute the Summit

deduction in future accounting years, rather than relying on

the Summit Conduit record.

The diversion accounting procedure estimated about 47 cfs of
sewer induced groundwater pumpage for the 1983 water year.
Since this is essentially groundwater pumpage which would
not have reached Lockport except for the presence of sewers,
this should be taken as a deduction by the State of
Illinois. However, the U.S. Dept. of Justice has. found that
the wording of the cdrrent decree does not allow thié.

Hence, it has not been included as a deduction for the 1983

accounting year.

RECOMMENDATIONS

Further investigations into the accuracy of recorded flows:

at the Controlling Works and Powerhouse at Lockport are
needed. Particular attention 1is needed to quantify

submergence at the Controlling Works and its cause.

The MSDGC should incorporate the revised COE ratings for
free flow discharge into their calculation of discharge foﬁ”
the Controlling Works and Powerhouse. The MSDGC should als&
establish a continuous record of tailwater élevations at a

suitable location downstream of the Cohtrolling Works.
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Further investigation is needed to determine the reasons for
imbalances between estimated and recorded flow at the three
major MSDGC treatment plénts. Areas for investigation

include the following:

l. Model assumptions with respect to sanitary return flow
and infiltration and inflow quantities.

2. Possible leakage from the Canal through combined sewer
overflow structures. _ :

3. Possible unreported major discharges to the plant from
groundwater or surface water supply return flows.

The monitoring of flow at the Upper Des Plaines Pumping
Station should be discontinued for diversion accounting
purposes due to uncertainties in its record which cannot be
resolved without significant increased maintenance and flow

monitoring changes.

Investigationé into the possibility of long-term biases
among precipitation gages reporting to NOAA, MSDGC and the
City of Chicago should be undertaken based on significant
differences noted during the 1983 water year. Preliminary
investigation into these differences has not yielded any

explanations.

Flow monitoring at the Summit Conduit should be discontinued
due to problems with frequent gage malfunctions, the
relatively small amount of flow from this area, and the
ability to reasonably estimate flows from this area using

pumpage data and runoff simulation.






G. The flow transfers from the MSDGC's design O'Hare service
area to the Northside treatment plant should be metered tc

provide a better estimate of quahtity and flow variations.

P O P S

A-34







REFERENCES

Northeastern "Illinois Planning Commission, "Lake Michigan
Diversion Accounting Manual of Procedures,” 1985.

u.s. Army Corps of Engineers, "Memorandum for the Record =--
Lockport Control Works Rating Curve,® February 3, 1983.

U.S. Army Corps of Engineers, "Memorandum for the Record --
Lockport Powerhouse Sluice Discharge Rating,"” April 25, 1983.

U.S. Army Corps of Engineers, "Memorandum for the Record --
Lockport Control Works Submerged Flow Rating Curves," March 21,
1984 '

Northeastern Illinois Planning Commission, Correspondence dated
March 29, 1985 and May 23, 1985 from G.C. Schaefer to BE.
Krampitz, Hydrologic Engineer, COE.

Northeastern Illinois Planning Commission, *NIPC Chicago
Waterways Model: Verification/Recalibration,”™ 1980.

Northeastern Illinois Planning Commission and Hydrocomp, Inc.,
"Chicago Sanitary and Ship Canal Hydrologic Calibration,"™ 1977.

Metropolitan Sanitary District of Greater Chicago, Correspondence
to the Illinois Division of Water Resources, 1985

Harza Engineering Company, “An Evaluation of Flow Measurement and
. Accounting Methods for Lake Michigan Diversion,™ 1981.

Northeastern Illinois Planning Commission and Hydrocomp, Inc.,
“Water Yield, Urbanization and the North Branch of the Chicago
River," 1976.

Wisconsin et al. v. Illinois et al. Michigan v. Illinois et al.

New York v, Illinois et al. U.S. 2, 3, and 4, Original 1-18,
1980.

A-35






APPENDIX

Monthly Accounting Repor ts

A-36






A-37

(NDIN1aD *4d30 3D1iSnSF

‘ll'llll‘lllllll‘lllllll‘l'l!l'lolllll|!‘||lllll#ll'llll‘I'llll‘bl‘lllll‘lllltl

0*6ESl

SIONTI
o4
378120y
‘HOIn
3%y
WOd
3dvdnnd

o s 2 ) s it
do.moo 6°Go £*°ge o*Get 8*1 e'cy
- .0"'-"‘.’l'lv‘-l.l“.l'“""l'l'-".'-"'l" - -
o1t 1S 86! 6°291 12 | I
0*92Z1 22 L4%°02 £°661 AL v 2
28 1°] 2°62 2°2¢ S$*661 2°e L%l
0°94E lege v*eze veast 2°e2 992
o*Z1t 9°9¢ 122 6°091 €°2 1°02
0*2v1 [ 343 1°¢c2 86l [ 6%°2L¢
0°6SS c*0E 152 1°091 22 t *ge
0° 696 1*¢€ v°g 1 £°191 | R4 »6e
0°086 2°9y 9ege Q091 641 4°62
o*2zi y° €9 s°i2 8*191 vl c*oc
06901 @g°v01 €°ve 8°291% €°0 0 °9g
0o°git L°0EQ 0*62 S'eig 0* 2~ 62wl
(3819} v 12 62 182 93 4°2%1
0°v£E0 €eg2 o*t1e c* 091 0 vege
0°g26 t*1g 412 92°091 12 i4*°8e
0°S16 vege 1 3 b1 €*191 142 v*°62
0*626 0*9¢ 4°ve G* o1 12 1%°22
o*stz I1°te 6°¢e 9°091 c*e T4
0°v22 S°Ov 9°6e 6* 191 1°2 0 %0k
0°249 9°cS S%e 1°191 0°*2 £%62
0°S19 |88 1°] L%22 9°c91l PR H°0¢
0*6411 6°%w1 0wl 291 | S ! 6 °0€
0*0201 9%y £e°2e 6°622 v°0 L RV
0%*s2s 6°LE - 34 T4 £* 29l 41 v 0L
0*LcL 8°601 o°ge t°vg1l e’ 1 £*2s
0° 629 1*111 6*22 vezee 61 P°Co6
0°%E6 S°eg 28 24 E°091 gE*e S*'ue
0*£€01 2Z2°1if 1°52 S9°091 vee 4°82
o* 128 0*2€ 112 6°091 v 062
0o*vee veQe vree t*i91 v'e €62
‘AR £ 4] ve8e £°62 v 191 S ¥ *6e
"‘-"-‘ ""‘l".-""""l""'
[} vl L3 B | or | [} ] 2]
#Cill|||4|1|'ll|¢l'llll!A l"llll‘!ll‘!-l‘l’llltf#ll‘!l!l
SHLOULS | OHSULYM (rovsa) . SIONIIT | wNvD
OB ANOD | 04u3AlQ IYNVYD auol3u|s NJ ONHIY 3 Y
Invy [ [e]-F] 04 800 [QHSaLvYM ]| GHS LY M
HONOBHL | 4 30NOY DUHISIG| ~XJ07 fais3aAla SiNlvg
NSH3AIQ 10N wob 4 Qa4 $3G
O3] 0 Ovannd] SNOIL [39¥dmwna LIV F]
*153n00| ~2NGIA juimanys 2330NNY
CHO W WA0L [03D0AN]
anv d3IAAIAS

9*esez
£°99 s
£ 20ve
1°€0s2
2e40ve
1°29¢62

e
NSb3IALIQ
Wi0L

°S°N d¥3d NOILDN030 v Sy a

AN Y

VELEESUBBNEABERNGSOSSS KNS B ANG L 4 #
4% SATWYL L004NY GL Ul v S) 1
hdd AL 2 T IT 2 TN T P T Y PP

(11401~ SNWNIDI=Z1 NwiI0D “3s) (H494S+9 SNRAWI=0T NAT
30NTDNI 10N (6 OGNV 2 SNRNT0D) avYonNd aILVMANNOHS Q30NANI b3

T e e - -

0*0 vege 2SS 0% 1°09%2 9 »*o8S82
"‘"““.'l" - - o ) o - - - 0""""""""-||
0°'0 veoe g1~ 2°08 SevCul S*C (A 19K cud
c*o L A T £*SS r-Ag % S°¥0v) $*0 Ceviol ey 6
¢“*0 v'9g t°ss 2°0% veiGLl weoO [0 £ V% BEPT TN
0°0 v oL £°SS 206G 1*0%s1 S*0 9°6%L 1L 236
0°*0 v*9e2 £°Ss Z°08 9*Love $°0 I*Cvee gdon
0°*0 v o2 [ 4 "1 c°us 6*6VIl v v 6%l 286
0*0 v*92 £°ss %S L*1612 G*0 ¥*0612 (b6
0°0 veoe €°%S 2°0% 0°L0Le w°*0 ¥°90«2 Cho
0*0 v oz € *ss F-d 1) €°06%c €£°0 vt 06he 2we
L*0 Qe £°6% 29§ 2°999c Gy v'Y99Z o
veY Qe | 21 <¢*0S »*lvee S°0 O0°lvie 2wo
00~ veye L°ss e°Cs VeSYLE weQ C*SVSe 2o
(2] v'9g 0°vg FAL% YrEsYe 9y %692 ¢2he
0°0 vege 19434 2°0% veEONE LYC 4%°20692 ¢wo
o*0 ve9e £°4G 2%0% E£E°Ev9E e°C 6°evve¢ cao
v*0 vege £°GS 2°05 S$°9E2C w°C c*9€2e ¢BO
o°o0 v°9g £°6g 2*0s LA XA MY 02922 2606
u* 0 [ AL T t°*S§ 2*0s 1°2xed $°*0 *lLe2  ¢ao
0*0 vege [~ 2*0s L*1Cee 40 I*12e2 2uwe
C*¢ v°9¢ | 1 2°0s »°0Le2 §%0 0*6kee <Cub
¢*0 v*'9¢ | g1 c*0s L*ESEE 9y L'WSEC cho
¢*o e*9e £°¢s 2°CS 1°6Sve 90 S$°8%ve  2weo
c*o veve 381 2*0s S°Clve 5o v Tvw oo
0°0 v*9e £°GS 2°0g 2°%4US52 ¢°0 0*otse 2ue
L*0 v*4¢ c*Ss €°0s 4°c19g 4*°0 0*Cl192 2ue6
0*0 veue A < 0S BOVUE B 0°099¢ 2uob
v®o ve9e £°Gsg e°Ls Q%%bse ©C AL T TS
G0 veQe £°6¢8 2*0Ss S°HlLe 9° 6°L14d  eunl
0°*0 V9 L *5G 2*0s 6*'9¢9¢ o0 9°9292 w6
(*0 vege (34T €' 0s eeluee S0 L%L0ce 2ao!
[d+] e°9¢ L*Sg €'us T*Li9e Ll 1*219¢ ool
‘Illllll“!lllll‘llll'Ilo!llllll#|lllll'¢llll"i‘llllll-#Olla
| 3 | 9 | S i v ] € ] P4 [ 1 ] e
¢:|1|'atool|t|r|¢||'||1|¢|z|l|nlol1|o||u‘t'|||||¢1||t|u-¢
SNVIGNL | WANYD fCHSulva SIONTN]) (e+1) 3uvo Ualdua
» NI DNHIVIAYISINIY W NI TSNV D FA0HY L0a
CHSUIVA|VYNY 1ON | $30 IUHS UL VA [ HONUaIHL NSa3AalQ =%201
Giv3AlG [ JL-X] nitd ‘Holn LI P

nwoBd §IAOYGNNG| SOVakdiIc dxnvT) WL0L
J0vdnna| Alsans SLAGNGY nwOaa
BLAGNYD | b3LvAM ALvanlc
G4INAN] JAAUNUGY
| v3mas | i ) | i

‘CII'I'IOlilllll¢i|l|ﬁll4lllllll#!l'l!llOOIllllloilllllllllll

$843) UnNOJH5 L 4433 21600 NI 33.nN3SF8u sav vi

. - . < *a4wel 4du "uﬂ hatNJn
480640 UNTANOOLDY HULISCIATGU L30aM5 34 aaiwadd o 3 HNalNJIA






B AL A

it ot

00!00!&.‘00000(!'0 [ E X Y YT Ny oYYy ‘.
Yoo LITMVe thuihio LRI TE N
04000000000&0000««o.c&«.c..«ecc 1S we n

‘ . . (11401<E ShmAIOL=21 NaDTIOD seN) loeyeSev SNNN U= Naftlo L
{NLINTGOD *4d30 adi1is0r ‘S°n uid NOLI120103a0 v sy Q30NTIONS 40N (o CNY L SNROTIOD) ILvunng AUh¢;:?SUuwtwo:nz- cwrmn

* e S P s o o MGt St L L T 3 - bbbl Zade X T T POEIFORR A bl L0 2 L O W P e 2 08 s o e e e o - o o o > L LoD L i N

10451 9°S86  comivl 9eiggz cecz S°9UE g2y 2S¢  ge0 2°9Z . @*es e°us 4°0i2E  vey xewieg s
-Oll0!000lOlltl'Ollilllﬂtllltlllfllllllltlll'll("lllll!#l00!!00‘!!0"l..}olilllllOlllIIIIOGllliltéltll!llQlltllll&lll-llloltlctl
0°€s 8°9026 Z°00%1  2eggog Le0¢ €ESC 1319 9122 9*0 AL T 2°ss 2°0% WRuEL - 2y YOEULE  cduilau
0*2v 1°v29t 1*6Qv1 €°1642 w°ge 4°228 9621t 4°16¢€ 00 292 Yevs & 08 24°00és vey Lr06cL Ev6iny:
0°LS voy08C Qele6ct *EH2ZE Se2E 0°1Ilr (ewlg 1o2g¢ 6°0 292 9ees e°0S 6Ly 2o L ILEV  cao AL
0°09 6°982 O°219l 6°6401 ogog1 se e o°€g ©°606 e°0 2°92 g 413 Ueguol ¢°¢ - 9°E06l  <¢HOL LAU
0°*99 1oo2g £°60v]} Q°QItz 19} £°9g2 e°9e 49001 44 e 2°Gs e%us 0%LES 13 6°%ude WO IAU
[ 34°2 | ATV QEEol Geg1ez gegy 3 AT 6°0¢ C'cty c°0 e°ve 2'%s %08 DoeY92Z  Zeg vievue  2uLl AU
Q*e6v L4 it S$°9161  e6°1cc2 e°ce . 6° 142 1*2y 2°0v1 £ e 'ye £*9% e°uS 0'64Se ¢y L°0eSe 23olAJ
Q%29 S°62V1 Zroovl 9°CE 12 412 o Ove I*dey s gl t£°0 4°42 1°6g 2°0Ss $°BR5E ©°) 1°868¢ 2606 LA
0°16 3231 6*66¢1 @oT222 Gez2 e°s62 [0 2 4L°EGl £°0 2°92 1°6g c*0S VeSPve 9o C*Ruve <d6 Al
o*cst LS 1°SIel  g£eCu61 241 3833 | 32 s°vi2 $°0 2°92 £°Se 2°0% 2°v0Ee vy BEUL2 Cuoing
0°292 498EL1 29wyl 9Qeziag oL (38117 9*0@6 1°9$¢ 4°0 2°92 Coos 2°0% BIESY S0 U*IESY 2unlAD
0 vy 9°28%1 @°ZoG1 $°9162 wves2 s 168 34 T4 @ °09y 2°0 2°92 432 2° 0% wiBLUC S 1°8408 20w iadN
0699 Se2¢Lt. 6°66%1 geocst 4°12 €°€9} 4°21 4°1g | 5] - 292 [ g+ 2%0S P29l GS°0 6169t 2BulA
0°80 0*es1 126691 t1e9goz T2 2°991 s°vl 9 °9g 1°0 g9 £°ug °08 £e2uee w°*0 ¥e10c2Z <¢E6niADN
0°es 6°961 9I20ST  @%e9s1 L6} 9°961 0°g1 6°9Q 1°0 29 £°CS 2eus Lolvol g C*lvbl 2601 Auly
069 S°vG2 1°69%T " 2°2.22% c°ce 012 0°s2 €°c8 e°%°0 29 [ 44" - e°0s v6vel %0 o°8961 ZublAun
o*cti £*69¢ L4110l geggre @23 4°082 0°68 1°611 £€°0 292 €°uG AL 46192 oo Eoled  <@6 1AUN
0°vQ 9°€29 6°9291 . geege2 0°61 Geeee 2°¢9 6°061. w0 T 29 €SS €°0S V°BEYZ w0 0°6C9Z 200 .AuUN
02411 w+6201 290G 2200 L3¢ T [ 34133 0*2ot t°L9v 4°0 2°92 138 25 Z°0% L°6EES  L°¢ 0°6LES ZowiALn
0o*22al $°00.22 0°20¢1 0°9C26 JegE 1°Cs4 ‘33 2] veg 2y $°0 92 FALY 2*CS Y2466 9% 0°8L066 Wl non
0°22 9942 82261 o0eEcz 612 0°912 [ g ¥ 1 Youg e°0 2°92 £ %G 08 1°2E€62 vy SeIEW2 €UnAOHL
© 0°04 *°0691 0°G0&t 4°0vL2 gezg v°9uy 0*ve  *9%¢ 2°0 2°92 9°cs 2°0% E£°061L w°*0 B°EOIE  Zub 1Aun
ot 0°18 V9, *°SIST  s2e2oal peyz - 6°89% veg £°4€ ceo 29 €°6S %S P°0C6E gY@ “°0061 €96 AN
! 0°<é 9°26 6e22%1 1°c0Sl ce6] 4*° 14t €°9 0°0v (] 2°9e £o°6g 2°0¢ $°CH9l ge°¢ 0°wGY1 2USIACN
< 0*co o°t1 1°S9%1  v°ggot c'61 8*L21 38 4 1°9y 1°0 2o €05 2°0S O*Lvul e » 90l 2LolAUN
0°Q4 S%4vl DZIST G°1091 9ept 660} 9°01 € °8g 1°0 g9y €*ug 2°0% bol221L  weg $eLLLl c@n.ALN
0°ce 922 6°QIST t*igcz 2egz el 2°91 e°cy 1°0 292 Koug °0% L9285 G W SELE  cho [AIN
0°2e [ 33N 0°00St  2°16€2 Je22 1°c9z 942 SeIEl 2°0 292 €065 2°0s 1°2€92 . ¢*¢0 8°le€ve  &a61A0N
0482 22081 9°GZS1 @*10eo 2°ve 0240 Qe 6°0¢ [ 2°ve L°vS 2°0% YooVHY Yoy V'oveY ZuslAGHh
0°v9 2°89ES  1°Q@0S1 1°0209 g°ov 6°2611 I*9 £°69C1 o990 292 Ze2s 2*Ccs »'S60E8 Sy 0°SB08 <o nON
L ';v"-“-'.vl-ll"'@-ll"'l‘.’lI|||0|l(l-"‘l'l}ll‘l OII'U'A.I."II(I"O - 0"(!"'6(“'1"‘ -
I s 11 €t r 4 1 0 | o | ¢ [ | 9 | s [ Y | ¢ ] 2 | 1 | alva
B s - - v‘l..l'"ll l-'.l"llxv'-‘-"‘.v"-l-.lU v‘-'l'll.’lll.'.l.l"-'l.l.l'l‘l.l-l.l:l"-lllll."l.l"l.l'"'l'll"'ll--"‘ C-l'lll"'l'-'l.
SULIVLS | OHS ML YA SIONTE [ 2 1] (favsa) L 1) Isi1onY 11 TYNYD JuNYION WNYD jaHSuiva SIONY ) {C+1) a29v9 quudda|
TOMANDOD |GLu3ATQ 01 NSu3IAlal Tvnwd QYOI 3Iuls NJ ONHOVvauls Ni AINHIVIG|SaANT Vg N} NV 3JAGdy ibUudg
INvy ®Ou2 1338430V} Ivioy oL 1¥0g [GHSHLVAlAHSHLY K UHSLLVYA YNV IGN] S30  joHsHiva [HonOaHL [NSwanlg =A0U7 \
:wnwnqm A30NNY .mwou eczwm—c nuwoa QLYIA 1A S 3NE v Ia QL u3A1Q o:ouu [ 1P .:u-ﬁ qycwu '
N 4 o wOud s$30 WOoud | 39vannc|3ovanng Y vioa
423410 L F] A9vannal sNOTL I9vawng W0ozs 159vdund| Alaans ULAONY D nlo
A9vdung *41S3n00{ -2n03q HLAONUD| 440NNV fulmanes ddiva A9vdhna
_ . SHIIN Y104 103dnani Q30NnaNi HiAUNYD
v ¥INIS d3IN3S
L Al d + 'lllll"l'-l-l“lll!.IIQO.'I. L ST - l‘lllll-l‘ll'l!ll‘tll‘I!!*lll'l“‘l!ll'll‘l'llllldIllllllolf'lllln

(S342) ONOUDAS uug 4334 J16ND N} UILNIS o aav viwe
. CHO1_°* uJbWIAON & ju HANIN 5ma
4¥0d38 SN ILNNDIDY LRS- ETY {6] $3DaNUS3Y adsvm U NOISIALY S ong’






A-39

YIRS
¢0t0%4¢ublcqo010«&9!«&0«105!.0.’&:
et LLTIWIVA AHCANY UL wUF OV L0 S L
VOO TIUIUS VI SIBI NSO VIPNE IS 0LS v b

(11401-£ SARNINI=TT NWNIND wae) (49 9G+0 GNAOTNID= L1 Nirlhi o
. “20-2-000.&&&0 dlasnr oWo: ¥3d NOI4ONG3A v Sv A3CATONT LUN (6 (NY & SNROHTDD) 3uvuniio FALVACMDSD JIINUNE cam
B oo o P e e e e 0 o s o W ) o o - - Il'!ll(‘0!‘!0!‘6l'll‘llQ'l'!lilOllllll'ol'lill!#!!i'lllﬂl!lIIII"OI!I!I6llll|ll¢'!ll
o* 981 §o26veZ o6°6vvl  2°GB6S 222 [ 44 73] [ 34144 veevs e*l 12¢ L°vS 20 £*2E99 2°¢ 1°2€29 o
Pom- * - s l#!lll'lt‘l"!!’Ib“"'llé!'tllll‘lllll!l.tll-i'0ollll'l"ll'llll‘lllllll‘ll!'lll#ll!l!llo!l!l!l|¢tlll
0°0S E°£8S ve0Llvl  v°6192 $°91 coveg 69y L4 %261 £*0 92 £eus 2% 0 1°¢222 ¢°%0 L*I2LC ChO
[ 38 1) o*08d 1*2€e1 6°201€ 9°21 [ 313 v° 9 £ ‘6fe [ 3] 2*9¢ L ks e°Cs Z°SeeL 2% vPuGek  Zubl
0°2§ TOBEIT  v°LSel 6°6622 vl v LG 1°26 -t T4Y 4°0 e* 92 L LG e°us 6*brs2 g °C Q*6bedic LubLI
0*9% $°044% 1°06vl 9°0601 S$°12 CLE9 ° 9°091 S *90S 1% e°92 9°vs c°0% 29041 <¢*Q V°9041 b
oocNM MHMMMM "nMﬂM“ MNMMMO muMN 8°%0s 4°9sL 2 C*2im 0*e Lad X4 4008 Z°06 L°EL6b  €£°0 C°LaBs 2!
029 v d  4°61 1°606 gc12s 1%ves 4°€ Te92 9°vS e°CY CrehGY g% J*¢55u  caol
o°¢e P°GEOE LUIGELl  8°6v093 L°2¢ 0* 4692 W°lco 1+80€2 9°9 eve t 33 c°0% 1°vSowl 1°0 U'eSeEl 2wol
0°2041 B°CG29€ 2°02v1 S$°U2069 g2 1°242 9°98 C°1v9 9°¢C veoe [ 34 4 e°CS C*L9L E°¢C VeLL9eL &R0
0°60 1°C9L 0* 62yl  9*g222Z €°02 4°94¢€ 2°0y v oL £*0 Zr9ve 0*Ls €°0S ¢*Ouwse 1°0 L'OLSd  nb
0°4Le $°S0E VLNl 92012 w61 9°€E%e y'ue [ 34 24} c°0 Z2°ve | 91N Cc'Ch 4d°CutLe 29 »*iw€e cHbl
0°6e Z° 96k 8°0Lvl (9222 9°6l 0*s92 9*0¢ - L0581 2°0 292 €°us c° 0% veGLwe 2% L TA TN T
0°02 *°80" v°lLvl  9°SSE1 L9} 13811 £cE (-3 %] c°0 ¢ ve [ "3} 2°0% Loevlul €£°*0 c* vl édai
0°09 2°60% 4°G6CL  9°CO1IZ o6°Lt | 38.4.2% 2%°4% 9reiLe £*0 €*9¢ 4437 c°CS @*60ve 2°0 veoveYe 2wo.
0°19 £°s19 S°0%vl  0°4591 1°91 1 3633 6oLt 6°1ge £°0 z°9e 1°%S e°0% £ecoue 1*0 €°2uie  eWol
0°0L vy 1°680T  L°G112 o0°61 Q%492 Se'GC 2°9€t T €£°0 e*92 €%S 08 GovLE 20 K*v0g€e isbl
0°96 [ 3814 ] v*9lel [°2022 €£°¢£2 9682 FAZS Y 6°9vl [ 34} [APE E°4S 2°06 L*°6Bvve c°*¢C 1°u9e2 201
0° 69 [ 3433 £°94vl  1°6G912Z o°*02 6°40K o*0ov £°9L1 £ . 292 £*SS Z°08% 9*2sve 20 veesSve Zuwol
[' 34 3] 9°619 E*°2avl 9°092€C 2°12 6°01¢€ o'Ce geeet €°0 c°9¢ Z2°Ss LS SeCW8E 2°C 0°0SSE <CBS61
0°0¢% £*099 9°ZUvl  e°L618 202 e'dLee Q9cLe 9°Gel - €£°0 e°9e E°SS €°0S [ 3623 5" 1°ovGve Zuwb
0°69 4°9€9 102001 O°v6E2 £°41 L4°548 (34,3} 10961 v°o 2°92 [ g 3 %08 L£egs9e 2°¢ 1°EG9¢E ¢yl
0°69 €°0s6 6°910l 41662 v°01 £°00C [ 3 3 4°091 e c've €66 2*0% LA YA T 4" LY dLYZ ¢8O
0°20 €°4801 0°0401 G l29k ©°61 £*occ 2°ve 4 °v61 °0 29 K*°6S 2°0% Ouidt 2°0C B°244% LBOI
0°59 6°9101 1°08¢1 Z°1619 6°02 6°vLE 8°46 €€ 4°0 t-4424 LSS 0% €G89 £°C 6°vsSY  deol
[34.1 TE99T  ZeGOvl GU°6S4S DU 1°16e eczetl b °SvE ‘34 | 6°62 343 Z2°CS L*eeey Ss*u S*lced Ul
0°Z202 1°8042 G°GS60} 1°49v8  0°02 L°CVY9 ve0ge 1°21s 3] e'9e €£°SS Z°Le $e0606 &°*O 9°06L006  cHOL
0°8E9 YUECEY Z°CAVL SeCevzl 6°61L 4* 166 v E£6€ 9026 gee c*92 8°vS e*us C*neoCl €£°0 V°Sevel 2uol
0wy 4°8069 6°4001 1°09102 0°0€ 0°96s1 6°6v9 L%21ivy oy £esc e*2s 2° 06 1*'6uy9ie 1°0 veee9ie ool
0°¢e 6°C8BCL S°Svel 1°Q1012 1°%¢ 1°6161 1°406 1°66E1  ¢°9 Ve 9°2% s 1°20%ce 1°0 declueg Cub.
0°0 O°40601 6°24¢1 1°1L602 v°Ly L°01v2 v*22L1 BegEZZ 221 2°9e s*\S Z°(s LAY T2 Ad) CouCLES cho.
O°LETT 1°2060) 2°9801 0°1.426 @°*0V €°0C8Ll 1°g2y 1%2048 0°€ 292 6°lw 0% ®°09C0T »*0 J*090L1 2V
o*te v°96% 0°20S1 @*6ic2 ¢°02 6°092 9°vS £ v e 2*9e2 £°6S c°0% C*H9sE £ 6°*.9%¢ 23u!
* - < - - + ‘ll'lll!‘lllll"‘lllill“ll!l'll‘llll'll#'ll'lll0!0‘!!0!6!!!”
| st vt 4 2t v 1 ot } 6 | e | 2 i 9 | s | v | € | 2 l 1 | 3
L 4 - an oo - & = > - * + -———-— ) o o o o o - " - " s o - - — -
SUIOULS fAHSHAVA S IONTT] L 3 X (ravsm) [ 3. SIONTII| TYNVYD [VNVIONI] WNVD [AQHSuavA ]S LONTITTE (2+1) _5LYvS Gaddau}
TOHINOD[QLIU3A L0 o4 NS H3Al1Q TYNYD Qu0d3u)se NI ONHOVY3AY ] NI ONHOVIY | SINIYID NI AVNYD IAOUY .—m.On
3AVY WOYS 13740V WA0L [¢2 Y 480d JOHSHBAVYA | UHSHLVA|CHSaLva YNV IOGN] S$3C UHSH LVA JHONOUNRL INSUSAIG] ~ 40U
HOINOUHLT AA0NNY CHOIN OUHISIA] =NI0T JOLMIAIG|SANIVIG{ULuIALG [J°2-F] Woaud *HOun A0S
NSH3AL0 anv AL0ON L F] [J5)-F $30 wOUb4 3VvdhNG |39 Ve il 3xv vdlL
493uia [ LF] A0vdrNd| SENOIL [39vVonng hO03d [IOVawnNd] AdonS | YL AGNED LR
9vannd *4S3N00| =I2NA30 JHLAONND | FJONNB]HLIAGNED ] bRiva IOVunng
‘HOIm MVYL0L [ U3INAN] G3IINONE UALRONYY
FRil CELF I Him IS
* - - ——— @ e ) e 0 ) o i i ) A o e o o A e e it o) e P e ) e e e e ) - - = -y ————

{542) ANOD3BS ¥3u 4T3d 21E6HD Nl CIANISHMD Fuv va
CHO _*u3bniDu0 14U HiOn 3
48Ud3AY ONLANNODIDVY NOLISUIALIC $3D8M00SZH dI4VA 30 NLISIAKG 51






v T T e W e

OV CBL PSSR UBUS c P P¥ 4S80 4000808 oo
884 S3MaVe NG 04 wuf ¥ 31 L .
VP BEVRENVOLLS4 4, CBUBIPOBBIRB8E 44 445

: (11+01~¢ vzaaaosu- NFrAWD ess) (WeY4S 4y SNANITIVIELT NRATILD -
-20-2-&0 *1a30 3211SNF °*S°N u3a NUILING3AQ v SY CUrbduz- PGZ (6 (NV ¢ th!JCL- F9VdnId oJaVALNMDGY TIDNUNE Yds 3
* < —p- L s Dl Tup ey ppn - DR D e Ty AN
4%¢6 [ 4q-1-1 4 o-onc- 4°€S61 ©°02 c*s92 4°v1 ¢ *6¢cl —-o —oer Nomm Nacr ‘80Ol 2°0¢ l*welc NVan
- <+ 'll"lll'l-"ll-'lll‘llll'l-.'l"ll‘0||l|l||0'0‘|ll-‘!llll-“"'lil"llt‘l‘l‘OIIIOIUOOIIII|IOII|ICII.vllIllll.
0°Se [ 34114 00000- **vcLl v°02 £*91t12 1543 L°%@ 1°0 c*°9e L*SS 2°Ls f£.°020F K°C N*uCbl Lveblinr,
o°cs [0y -1-X 4 92200l 6°691C L°@l 4°EET £°02 1°¢01 1% e've €8S e'us L'%btZ 2°y £°Sacc L8OILVE .
0°0L L4°9486 9°Covl 0°veSt 6°ce peeek 6°lLl 4°061 i*0 e*°9¢ [ 38.4°) - €%0% <Ll t°c 1°¢€eol roblihvi:.
o°1L o*2en 6°60vl  O0°essl 9°¢2 9°802 - 4°9 0°4e c*°0 2°92 £°%S <°0S% 0*Cc96l ¢ yeigol cgolhsi'e
0°06 t1°9G1 1°98¢1 9°CEst (°12 cezie 9°6 c*06 1°0 292 £°SS eUS 2°92¢1  <°C S°9241 tBGINVI,
0° v9 ve2zoz CoELv]l E°ESL1 D°CE 4°212 £zt L °9u 1°0 c*ve £°6S 2°us e*0Usol £y 6°C¢VE1l sdoihl.
0°8¢ 4°1€2 6°64v1 9°ELO1 9°12 1°dec2 6°891 v 66 i°0 <92 [ 93] c°0S L°6ste c2°0 1°0S1e Ewo NVl
(3471 ] €°0E8 6°08%1 9°€661 £°22 4°9%2 9°e2 1°621 €°0 c°9¢ £°6S <c°LS (ee8l v L°4281 wBOlavie
0*6L 9°€4LE 9°C6EL  9°tiEE 2°4) 9°S08 g°le 3 23 €0 0°v¢ ¢°6S c°0% C°099¢ 1°0 6°6%9¢ WO IVl
- ]O°98@ $°20% To6Evl  £°2%21 (°12 8°61v . 1°6 veLse 1°0 4°9¢€ 1°66 2°0% O°9viec 1°C 6°Svid Ewb NvVic
oLl 6°9eL1 Co64%1 ©°29001 1422 eegee $°S 0°%6 t*0 8°cc €£°6S c°0S $°Llbl 2%V €°¢ee6l  xBONVI
Q°2EC 1 3423 9°0068 €£°026% (c°22 £ £22 09 L4°16 0°0 Z9e €°v% 2°0% £°l¢is 2°¢C 1°1215 €O86INVS
; 0°99 v°10t 6°06¢1l V*RBZY L°22 ®*922 s°9 9°% c*0 ¢°oe S8 1 2°0s c*26vt 2°¢ 0°26vl ELwolihvVIiL
: o*zst 6°got 6°96%1 9°6sCl 22T 8*6E2 0°2 0°66 0°0 veug £°SS Z°0% coEdvl 2°0 0°Clel . Bolnsl
0°e0t 1°402 €°00¢1 B°LIST o0°22 9662 S*¢ £°101 1°0 1 3404 €°SS 2°0% 1641 £°0 2*1SLl UG inv(,
0°69 o212 1°0cel 6°8141 6°01 veZve 0°9 1°901 134°] 6°0¢ [ 343 Z2°0S vezgyetl  (°C €2yl  cBO6INVIY
o*41t o*2LT 1°loel 6°9691 v°ol 6°842 $°0 4111 1°0 9°19 C°6S c°0% (34401 §°0 L°ve6l £QO6LIAVIY
0°o0t 1°ce2 S°Z9vl S°6461 6°02 L4°vd2 0’8 9021 (34 L°6e £°6S 2°0% veeE2e Z°L C°EEZZ  LAOINVM:
0°96 £o6S2 €°00vl €°£961 6§22 4°192 k*6 1e0€t . 1°0 e*ve €°6S 2°06 0°4022 ¢2°0 W°90¢ee rELINNVE
o°6L 6°862 9°I8el 9°ES02 £°l2 0°Lee (- 34 v*iGt 1°0 2°9e £°$G 0% s°GigZe 2'u L°S1E¢ tuwolinvl
0°%6 6°00¢ 1°6ovl 1°%6L1 2°E2 €S2t 101 Z°ceel 10 6°0L 1°sS 2°0S e°9602 <c°U 8°9b.¢ tBoOiIMT,
0* 602 X3 L°6401 6°CLOY G°12 6°00KC E£e2t € %91 1°0 2°°9¢ 2°sS 2°0% C°ESte £°0 0°€ESlc adolnVl)
o 0°t6 1°v92 221l 9°1661 9wl g8°662 4°v1 L2t 1°0 Z2°92 £°6S 2°06 6°z2se £°C 9¢Ced LI6INVIOL
3 0*49 9°cLe 1°60¢1 1°6841 §°61 e°8s2 2°9t ezt 1°0 e° 92 £°8S 2°uLsS €°9202 <&°¢u €°8c0c  LdGinvi g
! 046 T°602 g8°19%1  e°0€6l 1°ge o* 292 6°41 4°0€t 1°0 6°se [ 3 c°0s £°041C £°0 0°JL12 Ewolunr!
< o°t2 0°10¢ E°69el L°2061 1°12 1°992 861 vevEL 1°0 2°9¢ £°6S c°0% 2%evie £°. veevle E£OOEINVE
[0 ¥% %41 6°49%1 1°6802 2°12 2°0L2 6°te 9Ll c*0 c°92 [ g 71+ 2°0% L*°BEES  ¢° 0O L4020 E2  £BOINVES
0°29 S°vi e 2°89vl f£°866Lt 2Z2°12 4°vee c*ve 1°Evl S0 2°92 £°sS 2°0s B®ISZe E£°C S°1622 €d6.nVF
o*9L 9°99¢ 1°12v0l 82102 9°2e 1°082 2L S*gel 2°0 e*°9e [ g1 2°C% €roeee ve0 6°09¢c2 LBuiNvl
o*is 1°91e 1e24€1 1°1cve 9°91 2*°662 e 1 9°9G1 c°0 z°92 €SS 2°0S 9*20Le 2°0C 92042 rduLwi.
Ao--m Oonco T OE%8SEl 2°08S2 1°61 s°10E 1°4¢ 6°691 £°0 2*92 €°ss e'Ls 9*9EBe <0 9L €8O LNvIl
y + <+ 4 - oo mcrjr e crmadrcnr e ad e < < EEf e e ar e e ——— - e mmm .- ——— -
{ h st _ L A -4 ct 111 | o1 ] } "] ] s ] 9 ] £ ] v | € w k4 w ] w a4vl
+ - - <+ * + + D i R R R
_ SHIDULIS]OHSHLIVAISIONTTL o’ {fav/A) s m-DZJJ~ AVNYD |[VNVIONT| WWNVYD JOHSdaVvA}S IONTY (2+1) 49v9 Qu0l3da
W T0dINDDl AL H3ALQ 01 NSHU3AIA] IWYNYD g&0l3y NI ONHDV3YH s NI ONHOVIN[S3NI VIO N1 AYNVYI Jadav Luvud
_ 3xvy nO¥4 J3TALDOYV a0l o4 480d b!mdhdl CHSULVA|CHSULVA YNV ION] s3Q UHSHLVA JHONOaHL | NSUAALIQ] =-%2S"
W HONOUHL ] JAONNYUL °HIIN OUHISIAY ~%207 JOLu3IAIO}SINIVID|AiH3AlQ L 181 F] houd *HOIW LA
NSH3AlO0 v 10N woud novud S30 Wo¥d ]3Ovannd )39vdhind Iuvy vaQd
423810 [ VIF) IAOVdNNd| SNOLL [39vdnng NOud [39vannal ANDdNS [ dlAUNSD nwlud
a0vannd *1S3K0a| -2NQ3IA |BLAGNYYD SA0NOY | JLAGNYD [-X¥8 [} 39vahNd _
SHOIN Tvi0s |a3adNaN] G3J0NONL HAAUNGD
anv y3IN3S Y3m3S 1
Prmommamwy <+ + —=d < — = - b= + - - ——— = e —— - - ——— e oo -

.muuw ANOD3ES H3a 4333 2180 Nl GILN3ISABa 3uv vV
cHol *Acviinvl 23U HINLW Sma o
440038 ONJLINNUIDOV NOISU3IAIU SIADBNDSIY daiVA 33U NOISIALG SIONT






tuN1S NIVISION OF WATER PESQUOCES DIVERSION ACCOUNT ING REPNRY
STHT MANTH OF:  FEARUARY, 1383
OATA ART ORESENTED IN CUBIC FEET PER SFCOND (CFs)
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ANNUAL REPORT

MONITORING OF DIVERSION
OF LAKE MICHIGAN WATER
AT CHICAGO, ILLINOIS

APPENDIX B

Significant Events (Hydrolgic and General)

Water Years 1983-1985






SIGNIFICANT HYDROLOGIC EVENTS

The following is a deta1led itemization of events of strictly a hydrologic
nature which occurred during accounting years 1983-1985 inclusive:

2-3 December 1982 - The Chicago District area experienced heavy rainstorms on
the 2nd and 3rd of December 1982 .which resulted in flooding. Saturated ground
from a wet November and a lack of vegetation to intercept the precipitation
contributed to the flooding. During the entire storm event, the gage at 0'Hare
Airport recorded 5.37 inches of precipitation. As a direct result of this storm
and subsequent flooding, backflows into Lake Michigan occurred at all control
points in the Chicago area on December 2 and 3 as follows:

. The sluice gate at Wilmette was open from 10:08 P.M. on 2 December
until 3:23 A.M. on 3 December, resulting in a discharge of 142.9
million galions.,

. The sluice gate at the mouth of the Chicago River (Chicago River
Controlling Works) was open from 12:11 AM. until 3:40 A.M. on
3 December, resulting in a discharge of 247.6 million gallons.

. The sluice gate at 0'Brien Lock and Dam was open from 6:08 AM,
until 8:25 A.M. on 3 December, resulting in a discharge of 124.2
million gallons.

. The bypass at the 95th Street Pumping Station was operating from
8:55 P.M, on 2 December until 4:20 A.M. on 3 December, resulting
in a discharge of 151.8 million gallons.

. The bypass at the 122nd Street Pumping Station was operating
from 9:05 P.M. on 2 December until 3:55 A.M, on 3 December,
resulting in a discharge of 12.0 million gallons.

17 August 1983 - The northwestern portion of Cook County experienced an early.
morning thunderstorm that resulted in a rainfall measurement of approximately 2
inches over a period of 3 hours. Wilmette experienced 2.12 inches of
precipitation. To alleviate flooding conditions, the Metropolitan Sanitary
District of Greater Chicago issued a backflow order at the Wilmette Pumping
Station. The backflow began on 17 August at 7:50 A.M, and ended at 8:52 A.M.
resulting in a discharge of 10.6 million gallons.

22 October 1983 - On 22 October, the Chicago District area experienced a heavy
rainstorm.  This . storm, which was concentrated in the northern and central
portions of the area, resulted in average rainfall amounts of 2.53 inches and
1.69 inches, respectively for the total period of the storm. In particular, the
gages at the Northside Sewage Treatment Works and Wilmette Pumping Station
recorded 1.63 inches of precipitation and 1.30 inches of precipitation
respectively, both occurring within a three-hour period. To alleviate flooding
conditions, the Metropolitan Sanitary District of Greater Chicago issued a
hackflow order at the Wilmette Pumping Station. The backflow began on
22 October 1983 at 4:15 P.M. and ended at 8:08 PM,, resulting in a discharge of
112.2 million gallons.
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31 December 1984 - 1 January 1985 - Major winter snow storm
dumped 4 to 8 inches of snow on the Chicago area. High water
levels at Lockport resulted for a three day period.

1l - 5 September 1984 - Diversion was increased approximately 300
cfs each day over the five day period at the request of the Corp:
North Central Division (NCD). The increase was required due to
critically low levels in the Lagrange Pool of the Illinois
Waterway. In the request, the Corps indicated its understanding
that the diversion was outside the purposes for which IDOT is
authorized to divert Lake Michigan water under the U.S. Supreme
Court decree.

22 - 27 February 1985 - A spring rain followed by fog and warm
weather melted the 14 inch snow pack over a three day period.
High water with localized flooding resulted in the Chicago area.
The event resulted in peak flows of over 30,000 cfs as measured
at Lockport. :

4 March 1985 - On 4March, the Chicago District area experienced.
a major rainstorm. The storm was concentrated in the southern
portion of the area and resulted in rainfall amounts of 1.15",
1.67", and 1.85" at Kankakee, Lockport, and O'Brien Dam '
respectively. The average precipitation over the entire Chicagc
area was 2.00". To alleviate flooding conditions, the .
Metropolitain Sanitery District of Greater Chicago issued a .
backflow order at the Wilmette Pumping sStation. The total :
backflow consist of two separate events. The first backflow :
began on 4 March at 4:15 A.M. and ended at 9:28 A.M. Due to a
continuing rise in water levels, a second backflow began at 10:20
A.M. and ended at 2:11 P.M. The total discharge into Lake :
Michigan was 153 million gallons. ' g

24 March 1985 - Spring storm resulted in three days of high water
peaking at 23,000 cfs as measured at Lockport.

6 August 1985 - On 6 August, the Chicago District area ;
experienced a heavy rainstorm. The storm was concentrated in the
central and northern portions of the area and resulted in :

rainfall amounts of 2,64", 1.12", and .50" at Skokie, O'Hare i
Airport, and Barrington respectxvely. By comparison, only .11"f
of precipitation was measured at Kankakee in the southern portum
of the area. To alleviate flooding conditions, the Metropolitan
Sanitary District of Greater Chicago issued a backflow order at
the Wilmette Pumping Station. The backflow began at 2:38 A.M.
and ended at 5:08 A.M., resulting in a discharge of 58 million §
gallons into Lake Michigan. §
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OTHER SIGNIFICANT EVENTS RELATING TO THE DIVERSION

The following is a detailed itemization of events of a more general nature
affecting the diversion accounting system during accounting years 19€3-1985
inclusive:

7 October 1982 - Letter sent from Chicago District, COE, to Illinois Department
of Transportation (IDOT) in response to IDOT's 13 September 1982 letter
requesting comments concerning the draft proposal submitted to IDNT by the
Northeastern Il1linois Planning Commission (NIPC) regarding development c¢f the
new Lake Michigan diversion accounting system. Letter stated that Corps vas in
basic agreement with the concepts of the proposal, but also stated some areas of
concern,

8 October 1982 - Letter sent from Chicago District to IDOT in response to INOT's
21 September 1982 1letter requesting comments concerning the draft report
summarizing the findings and recommendations of the AVM study committee, Letter
stated that Corps was in basic agreement with the concepts of the report, but
also stated some areas of concern, ’

26 October 1982 - Coordinated draft letter between the Chicago District and IDOT
concerning the recommendations of the first three-member technical committee and
development of improved plan for diversion measurements and accounting
procedures forwarded to Office of the Chief of Engineers (OCE) through Corps'
North Central Division (NCD).

1 November 1982 - NCD forwards above 26 October coordinated draft letter to OCE
for review.

16 November 1982 - Meeting held between Corps, IDOT and United States Geologi:al
Survey (USGS) for discussion of the installation and backup system for the
acoustical velocity flowmeter (AVM) to measure total flow at Lockport. Topics
discussed included data needs, storage capabilities, and potential backup
system,

20 December 1982 - Letter'sent from OCE to State of Wisconsin summarizing tie
development of an improved plan for Lake Michigan diversion measurements axd
accounting procedures. .

3 January 1983 - Letters sent from OCE to remaining parties of the Lake Michigen
diversion Titigation with identical information as described in 20 December
letter above.

19 January 1983 - Letter sent from USGS to IDOT (copy furnished to Chicagn
District) providing guidelines for estimate of Lockport daily discharges in the
event of equipment malfunction of the AVM system.

31 January 1983 - Meeting held between Corps, IDOT, ‘and NIPC for discussions
involving deveTopment of new Lake Michigan diversion accounting system.

3 February 1983 - First draft report submitted by Corps' Waterways Experiment
Station (WES) to Chicago District regarding development of new discharge rating
curves for determining flow rates through Lockport Controlling Works.
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7 _February 1983 - Letter sent from Chicago District to USGS (copy furnished

IDOT) in response to above 19 January letter. Letter suggested consideration

adopting the current accounting system used by the Metropolitan Sanita
Dis%rict of Greater Chicago (MSDGC) as a backup system in the event of A
failure.

25 April 1983 - First draft report submitted by WES to Chicago Distric
regarding development of new discharge rating curves for determining flow rate
through Lockport Powerhouse sluice gates.

15 June 1983 - Meeting held between Corps, IDOT, and MSDGC for discussion of
Corps’ annual report on Lake Michigan diversion (accounting years 1981 ang
1982). ' :

:

16 June 1983 - Letter sent from IDOT to Chicago District (copy furnished t
MSDGC) relating that average diversion for 1983 accounting year through April
1983 was averaging substantially above normal due to ahove average precipitatio
during first six months of the accounting year, Letter expressed concer
regarding possibility of average diversion flows for the entire accounting yea
exceeding limitations set by modified Supreme Court decree.

7 July 1983 - Letters sent from Chicago District to NCD, MSDGC, USGS, and ID0
with %ra?t reports prepared by WES (controlling works and powerhouse sluic
gates) as enclosures. Letter requested comments on the reports by 22 July 1983

19 July 1983 - Letter sent from USGS to Chicago District in response to abov

7 July letter. Letter stated that approach and equations used in developing nf
rating curves were reasonable. ‘

20 July 1983 - Letter sent from NCD to Chicago District in response to abovs
7 July letter. Letter expressed concern over possibility of submergence witl
respect to the controlling works and requested an evaluation of impact. A

21 July 1983 - Letter enclosing explanatory memorandum sent from Lhicage
District to IDOT in response to above 16 June letter. Letter stated that clost
surveillance of running diversion averages would be continued in order &
determine any conditions having a potential effect on the provisions of the
modified Supreme Court decree. :

1 August 1983 - Chicago District provides draft of Corps' annual report on Lak
Michigan diversion covering accounting years 1981 and 1982 to NCD, 1IDOT, ant
MSDGC for review and comment, Comments were requested to be returned by 3j
August 1983, : :

=]

4 August 1983 - Letter sent from MSDGC to Chicago District in response to abon‘
7 July Tetter. Letter stated that WES rating curves for powerhouse sluices and
controlling works sluices indicated lower flows, in general, than the MSDGC;
rating curves for these structures. Letter also stated that WES curves for tM%
controlling works did not account for submergence and, as a result, tend tﬂ
yield higher values than actual flows when six or seven controlling works gates
are in the open position, i
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8 August 1983 - Letter sent from IDOT to Chicago District in response to above
7 July letter. Letter had no comments regarding technical aspects of WES
reports but expressed concern over possibility of submergence at the Controlling
Works. Additional letter sent from MSDGC to Chicago District providing comments
on Corps' draft annual report (as requested in 1 August letter above).

24 August 1983 - NCD provides comments regarding Corps' draft annual report,
as requested in 1 August letter above. ‘

25 August 1983 - Meeting held between Corps, IDOT, and NIPC for discussion
of new Lake Michigan diversion accounting system,

31 August 1983 - Letter sent from IDOT to Chicago District providing comments
on Corps' draft annual report, as requested in 1 August letter above.

30 September 1983 - Letter sent from Chicago District to IDOT providing
assessment of material and documentation received from IDOT and NIPC at
25 August meeting. Letter stated that methodology presented in the
documentatiom was technically sound, but requested additional information
concerning the computation of Lake Michigan diversion.

20 October 1983 - Letter sent from Chicago District to Corps' WES with comments
inclosed from COE, USGS, IDOT and MSDGC concerning first drafts of new rating
curves (controlling works sluices and powerhouse sluices) developed by WES.
Letter stated that Chicago District would contact WES for discussion of the
comments.

18 November 1983 - Chicago District provides final distribution of Corps'
1nitial annual report on Lake Michigan diversion covering accounting years 1981
and 1982. Distribution of the report was made to the Supreme Court through the
NCD and OCE. Additionally, the report was provided to all parties of the
diversion litigation as well as other involved agencies and individuals.

29 November 1983 - Letter sent from Chicago District to IDOT concerning IDOT's
production schedule for calculation of diversion flows for the 1983 accounting
year as well as associated annual summary to be completed by IDOT. Letter
emphasized the need for establishment of definitive schedules and requested any
actions that could be taken on the part of IDOT to expedite the diversion
accounting process,

12 December 1983 - Letter sent from Chicago District to MSD with regard to new
WES rating curves for Lockport Controlling Works. Letter stated that WES
reviewed comments provided by MSD and was in agreement that the submergence
effect should be considered in the evaluation of flow computations., Letter
stated that Chicago District would be taking action to incorporate a tailwater
consideration into the computational procedure. Letter also expressed opinion
of WES technical staff that the present location of the tailwater gage was
probably in a zone of high turbulence with a recommendation to relocate the gage
approximately 150 feet downstream of the gates. Lletter also expressed concern
of WES staff with regard to possibility of headwater gage being located within
zone of drawdown. Finally, letter requested views of MSD with respect to
enhancing the measurement system.
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13 December 1983 - Letter sent from Chicago Nistrict to IDOT acknowled
Corps’ review of the final report and recommendations of the AWM s
committee. Letter requested specific coordination between involved agen
concerning AVM calibration procedures and establishment of a backup syst
Letter also requested proposed schedule for the above items.

16 January 1984 - Letter sent from MSDGC to Chicago District in response
above 12 December letter. Letter stated that Sanitary District was not ir
position to take any action or to fund relocation of the gages at the Lockpc
Controlling Works.

1 February 1984 - Letter sent from IDOT to Chicago District in response to abo
29 November and 13 December letters. Letter provided information concerni
status of AVM gaging station, planned calibration procedures and proposed backt
system. Letter also addressed IDOT's schedule for completion of 1983 accountin
report. Additionally, letter requested a re-evaluation of cost on the part o
the Corps to assume all diversion accounting respons1b1l1t1es.

3 March 1984 - IDOT provides initial version of 0perat1ons Manual detailing tm
new diversion accounting system to the Corps for review and comment.

23 March 1984 - Two letters sent from Chicago District to IDOT in response to
above 1 February IDOT letter. The first letter addressed the technical concepts
associated with the AVM installation. Letter acknowledged field measurements to
be performed by USGS. Additionally, letter recommended a thirty day overlw
between AVM and current measurement system. Letter also stated Corps'
concurrence with concept of using the existing measurement system as backup for
the AVM. The second letter addressed the potential for Corps' takeover of thg
entire diversion accounting program. Letter emphasized the developmental state
of the new accounting system and the many associated costs that could not.bq
determined as a result. Letter stated that Corps favored a one year operation,
of the new system with subsequent data review and evaluation before cos%
estimates for takeover of the accounting program could be prepared. ‘ i

26 March 1984 - Second draft report (Lockport Controlling Works) subm]tted hy
WES to Chicago District.

9 April 1984 - Letter sent from Chicago District to INOT providing Corps'
comments on initial version of Operations Manual. A major concern was expressed
by the Corps concerning the addition of a new deduction termed "“induced
infiltration." i

12 April 1984 - Letters sent from Chicago District to NCD, IDOT, MSD and USG§
with above second draft report as an.inclosure to each letter, Letters
requested comments by 9 May 1984.

26 April 1984 - Meeting between Corps and IDOT for mutual discussion of Corpsi
comments on Operations Manual and other topics related to development of the new
accounting system,

4 May 1984 - Letter sent from IDOT to the Corps outlining expected completion
dates for preparation and completion of a draft hydraulic report for the 1983
accounting year using the new diversion accounting system, Letter was requested
of IDOT by the Corps at above 26 April meeting.
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7 May 1984 - Letter sent from IDOT to the Corps providing additional background
information concerning topic of induced infiltration and its use as a potential
deduction. Additionally, letter requested a meeting between IDOT and Corps for
further discussion of the matter. Letter was requested of IDOT by the Corps at
above 26 April meeting.

14 May 1984 - Lletter sent from USGS to Chicago District in response to above
12 ApriT 1984 letter. Letter stated that approach and equations were reasonable
but that the maximum total error of about + 10 percent was too low, especially
for high flows. Letter also stated that the lowest estimate for maximum total
error for submerged weir flow was at least + 17 percent.

21 May 1984 - Letter sent from MSD to Chicago District in response to above
12 April 1984 letter. Letter stated that general methodology used, the
submerged crest coefficient graph and the flow computations followed accepted
hydraulic practices.

25 May 1984 - Letter sent from NCD to Chicago District in response to above
12 April 1984 letter. Letter stated that computed rating curves should be
checked against actual discharge measurements in the field. Letter also
expressed concern about c values greater than 3.07 in terms of reasonableness.

1 June 1984 - Meeting held between Corps and IDOT as requested by IDOT in above
7 May letter. Purpose of the meeting was to discuss the topic of induced
infiltration in greater detail and, more specifically, to allow IDOT to express
its views on the subject to the Corps. Matter was taken under advisement by
Corps at conclusion of the meeting.

5 July 1984 - Letter sent from Chicago District to WES with above comments from
NCD, USGS and MSDGC as enclosure. Letter stated that WES would be contacted for
further discussions.

27 July 1984 - Letter sent from Chicago District to NCD regarding topic of
induced infiltration and intention of IDOT to use this component as a deduction.

Letter stated that such a departure from the existing practice would require-

confirmation from other interested parties in order for the Corps to accomplish
its monitoring role.

17 August 1984 - Letter sent from NCD to the Department of Justice (D0J) with
above described 7 May 1984 IDOT letter and 27 July 1984 Chicago District letter
as enclosures. Letter requested advice from the DOJ concerning IDOT's intention
to use the component of induced infiltration as a deduction. Concurrent letter
also sent from NCD to Chicago District requesting District to solicit comments
from parties of litigation on induced infiltration topic.

29 August 1984 - Letter sent from DOJ to NCD in response to 17 August letter
above. Letter stated that IDOT's proposed change in accounting procedure to
include induced infiltration as a deduction would necessitate a modification to
the Supreme Court decree.

10 September 1984 - Letter sent from Chicago District to parties of litigation
with above described 7 May 1984 IDOT letter as enclosure. Letter requested
comments from parties of 1itigation on the issue of induced infiltration.
Letter stated that Corps would consolidate any comments received and forward
them to DOJ for further review and consideration.







10 October 1984 - Letter sent from State of Michigan to Chicago Distric
response to District's 10 September 1984 letter requesting comments on inc
infiltration issue. Letter requested additional documentation for evalua
purposes.

11 October 1984 - Letter sent from MSDGC to Chicago District in response
District’'s 10 September 1984 letter requesting comments on induced infiltrat
issue. Letter supported position of IDOT with regard to use of indt
infiltration as a deduction.

31 October 1984 - Letter sent from WES to Chicago District in response to ab
5 July letter. Letter addressed comments from NCD, USGS and MSDGC.

1 November 1984 - Letter sent from State of Wisconsin to Chicago District
response to District's 10 September 1984 letter requesting comments on induc
infiltration issue. Letter stated opposition to position of IDOT with regard
use of induced infiltration as a deduction.

2 _November 1984 - Letter sent from Chicago District to State of Michigs
providing additional documentation as requested in 10 October 1984 letter abow

$
9 November 1984 - Letter sent from State of Ohio to Chicago District in respon

to District’s 10 September 1984 1letter requesting comments on inducd
infiltration issue. Letter stated opposition to position of IDOT with regard‘
use of induced infiltration as a deduction. -

3 December 1984 - Memorandum for Record (MFR) dated 2R November 1984 sent fry
WES to NCD. MFR stated that additional uncertainties were evident regardig
rating curve accuracy for Lockport Controlling Works. Specifically, MFR stat
that three items needed to be resolved by some type of field calibration:

(a) upstream total head-upstream gage reading is not a true measure §
total head in the approach flow; (b) submergence-the downstream gage readif
is not a true measure of submergence: (c) extremely shallow weir -:the 1 f}
weir height is not 1large relative to the possible effects of aging #
sediment and debris accumulation or erosion. MFR additionally stated th#
only when these uncertainties are resolved is a confidence level comparah}
to that of the laboratory - based rating (+8-10%) achieved. :

4 December 1984 - Letter sent from State of Wisconsin to Chicago District ¥
response to District's 10 September 1984 letter requesting comments on induceg
infiltration issue. Letter stated opposition to position of IDOT with regardfé
use of induced infiltration as a deduction.

i

21 January 1985 - Letter sent from State of Wisconsin to Chicago District 5.1
folTow-up to 1 November 1984 1letter above. Letter emphasized Wisconsiti
continuing review of induced infiltration issue and requested additioni§]
documentation for evaluation. Additionally, letters sent from Chicago Distrid
to MSDGC and USGS (copies to IDOT) forwarding replies by WES to comments made !

above agencies with regard to effects of submergence on Lockport Contrdl\»
Works rating curves (as provided in 31 October letter above). .

B-8






25 January 1985 - Coordination meeting held between IDOT, NIPC, and Chicago
District™ for discussion of topics relating to development of new diversion

accounting system.

30_January 1985 - Letter sent from Chicago District to State of Wisconsin
providing additional documentation as requested in 21 January 1985 letter above.

1 February 1985 - Letter sent from State of New York to Chicago District in
response to District's 10 September 1984 letter requesting comments on induced
infiltration issue. Letter Stated opposition to position of IDOT with regard to
use of induced infiltration as a deduction.

11 February 1985 - Letter sent from State of Pennsylvania to Chicago District in
response to District's 10 September 1984 letter requesting comments on induced
infiltration issue. Letter stated opposition to position of IDOT with regard to
use of induced infiltration as a deduction.

19 February 1985 - Coordination meeting held between IDOT, NIPC, NCD, and
Chicago District. Principal topics of the meeting included induced
infiltration, IDOT's 1983 annual diversion summary, recommendations of the
three-member technical committee, NIPC's new diversion accounting system, and
AVM status.

5 March 1985 - Chicago District convenes in-house ad-hoc committee to study
topic of induced infiltration in detail.

20 March 1985 - AVM malfunctioned; cause unknown .

19 April 1985 - Based on above ad-hoc committee review, preliminary
investigation report prepared by Chicago District and forwarded to NCD.

22 April 1985 - AyM repaired and online. Breakdown the result of a broken
cable,

31 May 1985 - Letter sent from Chicago District to IDOT requesting additional
information regarding use of AVM system, Letter requested specific information
concerning type of backup measurement system planned. Letter also requested
information regarding time frame during which MSDGC would continue providing
flow measurement computations at Lockport.

measurement station at Lockport beginning with October 1984 and addressed plans
for backup system.

1 July 1985 - Letter sent from Chicago District to NCD forwarding final version
or status report regarding recommendations made by the first three-member
technical committee,
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10 July 1985 - Letter sent from DOJ to NCD regarding IDOT's intention to ta
deduction for induced infiltration. Letter stated that any change in

approved method of calculating the diversion would require a modification of
Supreme Court decree.

25 July 1985 - Letter sent from NCD to INOT regarding induced infiltrat
issue. Letter emphasized Corps' technical review and advice rendered by DOJ
above 10 July letter. Letter additionally stated that Corps would not accep
deduction for induced infiltration and requested INDOT's 1983 divers
accounting report to be revised.

30 July 1985 - Letter sent from IDOT to Chicago District forwarding let:
reports from USGS regarding AVM calibration checks and backup system.

5 August 1985 - Letter sent from IDOT to DOJ regarding induced infiltrati
issue. Letter conveyed IDOT's opinion and comments regarding acceptability
the sewer induced groundwater pumpage component as a deduction under terms
Supreme Court decree. Letter encouraged continuation of discussions on t
issue (Copy of this letter furnished to NCD) .

7 _August 1985 - Letter sent from Chicago District to IDOT regarding Corp
review of TIDOT's 1983 diversion accounting report. Letter emphasiz
mathematical errors determined during review process, particularly as found }
Lockport sluice discharge calculations. Letter also emphasized discrepancis
regarding precipitation values used in NIPC simulation. Letter requested I
to furnish Corps with detajled computations and an analysis of the impact whi
the precipitation discrepancies would have on the final report. k

15 August 1985 - Letter sent from Chicago District to NIPC regarding IDOT's 18
diversion accounting report (above 7 August letter enclosed). Letter reques
errors in report to be corrected. Letter also requested copies of computatio
and worksheets to be forwarded to Chicago District. :

19 August 1985 - Letter sent from IDOT to MSDAC (copy furnished to Chica
District) requesting a meeting to be convened (between IDOT and MSD) ¥
discussion of precipitation discrepancies as described in 7 August letter ab

23 August 1985 - Letter sent from DOJ to INOT (copy furnished to NCD)'
response to 5 August letter above. Letter expressed DOJ's continued adher
to views expressed in 10 July letter above (with regard to induced infiltrati
issue). :

26 August 1985 - Letter sent from Chicago District to IDOT (copy furnished:
USGS) regarding trend reversal in AVM flow record versus MSD Lockport record
normal flow conditions. Letter expressed the fact that, prior to March,l‘
the AVM record tended to be 300-500 cfs higher than MSD Lockport record ?
normal flows. Letter continued on to discuss trend reversal since April 1
Letter requested expediting of AVM field check and reactivation of MSD sys!
for streamflow measurements at Lockport until above situation was resolved. .







27 August 1985 - Letter sent from NCD to IDOT regarding drawdown of Lockport
pooT {at Torps™ request) for purposes of lock maintenance. Lowering of pool was
effective for period of 27-28 August and resulted in increase in diversion
(10-15 cfs) on annual basis. Corps recommended drawdown not be charged to
diversion.

29 August 1985 - USGS conducted field check showing AVM recording 80% of field
calculated flow. '

4 September 1985 - Letter sent from NIPC to Chicago District (copy furnished to
IDOT) in response to 7 August and 15 August letters above. Letter stated that
computations for adjustments to flow at Lockport Powerhouse and Controlling
-Works were rechecked and enclosed copy of results. Additionally, as requested,
letter enclosed copies of computation sheets wused 1in the development of
discharge estimates at Lockport. Letter finally stated that hydraulic report
for accounting yr, 83 would be modified in accordance with above findings after
confirmation of accuracy from Corps.

25 September 1985 - WES provides final report on newly developed rating curves
for Lockport Powerhouse sluice gates and Lockport Controlling Works sluice gates
to Chicago District.
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lllinois Department of Transportation

Division of Water Resources

300 North State Street/Room 1010
Chicago, lllinois 60610
Telephone 312/793-3123

May 7, 1584

LTC Christos A. Dovas
District Engineer

Chicago District

U.S. Corps of Engineers
219 South Dearborn-Room 604
Chicago, IL 60604

RE: Diversion Accounting - Induced Infiltration
Dear Colonel Dovas:

We need additional discussions regarding our position that
induced infiltration in the Lake Michigan basin is a legitimate
deduction under the current United States Supreme Court Decree.

Induced infiltration, as we have defined it, is a component of
groundwater which would not have entered Lake Michigan or any
other body of surface water in the area if urbanization had not
occurred and sewers had not been constructed. It is a
component of groundwater pumpage which is not recharged by Lake
Michigan and, hence, is an eligible deduction. Induced
infiltration, as we have defined it, does not include
components of sewer flow which are not eligible deductions,
i.e., infiltration attributable to water main leakage, inflow
(runoff related, which is accounted for separately), and that
quantity of infiltration to the sewer network which would have
become base flow to a surface water system. It is essentially
that amount of groundwater which, under pre-development
conditions, would have been either evapotranspirated or
recharged to groundwater aquifers.

The derivation of an estimate of induced infiltration for both
the combined sewer area and separately sewered areas within the
Lake Michigan basin is difficult, since this flow component
cannot be directly measured. However, we believe that the
simulation modelling of the Northeastern Illinois Planning
Commission and their analysis to determine the additional
'induced’ yield of the combined sewer areas is a technically
sound procedure, and gives a realistic estimate of the
magnitude of induced infiltration. Enclosed with this letter
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LTC Christos A. Dovas
May 7, 1984
Page 2

is a copy of the report NIPC prepared for Harza Engineering as
part of our diversion accounting study. Also, the procedure we
plan to use to develop the amount of induced infiltration in
the combined sewer area and separately sewered area is
described on pages 32-34 of the draft Hydraulic Report Manual
(pages attached).

I would appreciate the opportunity to further discuss this
issue with the District and Division. It is my understanding
that your determination that induced infiltration within the
Lake Michigan basin is not an eligible deduction stems from a
legal interpretation of the wording in the Supreme Court
Decree. I would therefore request that both technical and
legal staff attend the meeting.

Please feel free to call me to set up an acceptable date for
this meeting.

very tr youri,

il R. Fulton
Chief

BUREAU OF RESOURCE MANAGEMENT
NRF:DI:pz
Enclosure

cc: Sandy Solomon, Central Division






’fi‘."b"’; . E L : U.S. Department of Justice J’ b E _
‘@ ; Office of the Solicitor General §7

LFC:JRA:AFW
90-1-2-595 - /, ED_

Washingron, D.C. 20530 g
July 10, 1985

Brigadier General Jerome B. Hilmes
Commanding

North Central Division

U.S. Army Corps of Engineers

536 South Clara Street

Chicago, Illinois 60606-1592

Dear General Hilmes:

Re:. Wisconsin v. Illinois, Nos. 1, 2, 3,
Orig. .

We are in receipt of your recent letter advising us of
Illinois' {ntent to "take a deduction for induced infiltration
for the 1983 water year" and requesting our advice on the matter.
You also transmitted the comments of the states of Michigan,
Minnesota, New York, Ohio, Pennsylvania, and Wisconsin--each of
which was opposed to the proposed method of calculating the
diversion--and the Metropolitan Sanitary District of Greater
Chicago and the Illinois Water Survey Division, both in support
of the proposal. .

We adhere to our previous advice to you of August 29,
1984 that any change in the approved method of calculating the
diversion would require a modification of the decree. In our
view, that would be true even if all parties to the litigation
agreed to the proposed change. All the more so, of course, if
there is not general agreement. As it happens, none of the
states ipvelved agrees. Accordingly, we believe that the
prudent course for the Corps to follow, once it confirms that
the State has put into operation this method of calculating the
diversion, is to advise 1llinois that its action in changing the
approved accounting procedure requires modification of the ‘
decree. 1Inquiry should be made as to Illinois' intentions with
regard to seeking such a modification.
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We are not taking a position on the merits of the
proposal by the State of Illinois, but simply advising that

procedurally the proper course for the State to follow is to
secure modification of the decree,.

As before, we ask that you keep us advised of the
comnunications between the parties, with copies to be sent to
Andrew F. Walch of the Lands Division, will be appreciated
if you will also send me copies of t correspondence.







United States Department of the Interior
GEOLOGICAL SURVEY

Champaign County Bank Plaza
102 East Main Street
Fourth Floor
. Urbana, IL 61801
. July 16, 1985

N [MEBEIVE

Lake Michigan Management Section ‘_R JUL 1 9 1985

Illinois Department of Transportation ~

Division of Water Resources BMISISR OF WAIER RESBWRCES

310 S. Michigan Avenue RESOUSCE MANRASEMENT
~ Room 1606 o A O u

Chicago, IL 60604

Dear &cf—hgerr‘-

The calibration test of the acoustic velocity meter (AVM) on the

Chicago Sanitary and Ship Canal at Romeoville is a continual process.
Occassional discharge measurements &re to be made to verify that the
flowmeter is functioning as designed and no changes have occurred in

the canal cross -section.

Measurement 5 (+8.8%) exceeded this Tange and a discussion of this
Beasurement is in a following section.

A summary listing of discharge Reasurements, form 9-207, is attached.
Measurement #1 used the two-point method of Beasuring stream velocities,
observations are made in each vertical at 0.2 and 0.g of the depth of
water below the surface. The two-point method is the one generally
used by the U.S. Geological Survey to measure Stream discharge. This

surface and the stream bed. The velocity observations are taken at
0.1 depth increments between 0.1 and 0.9 of the depth. A vertical-

Plotted against depth. The mean velocity in the vertical is obtained by
Reasuring the ares between the curve and the ordinate axis with a

Planimeter. This method gives more comsistent results and is considered
Bere accurate than the two-point method.
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The discharge value, listed in the remarks colummn on form 9-207,

was computed by adding the 15 minute discharge readings from the AVM
printout and dividing by the number of 15 minute periods during the
time of the discharge measurement.

The accuracy of the measured discharge compared to the flowmeter

value is listed in the percent difference column. The percent
difference Is computed by subtracting the AVM discharge from the
measured discharge and dividing by the measured discharge. The

percent difference of measurement 1-4 and 6-7 range from -0.6 to 4.0
percent and are within the rating accuracy when using a Price AA current
meter. Measurement 5 was made during periods of Plus and minus stage
fluctuations and a barge passing through the measurement section

in a downstream direction.

The AVM operates on a one minute cycle obtaining velocity and stage
readings every 2 to 3 seconds which are stored and the 15 minute
summary values are printed on the deckwriter. Only one point value

of velocity is obtained for one depth elevation in one vertical during
a discharge measurement compared to 7 to 14 stage and velocity readings
of the whole cross-section obtained by the flowmeter. The AVM discharge
is more representative of the canal flow than the discharge measurement
during stage fluctuations, closing of the Control Works downstream, and
barge traffic through the discharge measurement section.

The cross-sectional area stored within the flowmeter used in the discharge
calculation was checked. A stage-area graph (attached) for the AVM

was drawn and the area from the discharge measurements was plotted on

this relationship. The maximm difference in area found for on
measurement (3) was 2.2%. '

7

Our Hydrologic Instrumentation Facility has recently run tests on the
water-level sensing device used in the type flowmeter installed at
Romeoville. Stage readings were found to be less than 0.10 £t in error.

Based on the analysis of the discharge, cross-sectional area, and water
surface elevations obtain from the AVM, we recommend October 1, 1984 as
the starting date for publication of the daily discharge values obtained
with the AVM.

Sincerely,

* er
District Chief

AWN:LGT:bw
Enclosures






United States Department of the Interior

GEOLOGICAL SURVE, -

ChampaigwCounty Bank Plaza
102 East Main Street

Fourth Floor

Urbana, IL 61801

July 18, 1985

Mr. Danie] Injerd

Lake Michigan Management Section
Illinois Department of Transportation
Division of Water Resources

310 S. Michigan Avenue, Room 1606
Chicago, IL 60604

Dear Dan,

at Chicago Sanitary and Ship Canal at Romeoville gaging station was
established. The pProcedure uses stage data from the Rock Island

River at Brandon Road Lock and Dam, Stage data obtained for Des Plaines
River at Riverside gaging station, and a regression analysis.

The Hydraulic Daily Report lists 5 reading per day of Pool elevation,
tainter, and headgate openings. The Stage-discharge relation for
Brandon Road site (Mudes, 1981) is used to convert the Stage readings
with gate openings into discharge for a time Period. These values

The discharge rating does not include leakage through the headgates
which is approximately 850 cfs,

The daily discharge for Des Plaines River at Riverside gaging station is
obtained by use of the stage record with the station's discharge rating
table and the results of the current discharge measurement.

The discharge value from the Riverside gage is subtracted from the
Brandon Road value, the resulting discharge approximates the flow
in the Chicago Sanitary and Ship Canal at Romeoville.

A log regression analysis was made using a SAS Institute computer program
with 42 concurrent discharges at Romeoville with the discharge at

Riverside subtracted from the Brandon Road value (fig. 1). The SAS
program lets the user Split the sample into two regressions as described

BEBEIVE
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in 8 report '"Use of Qualitative Variables in Regression Analysis" by
Wilbert O. Thomas, USGS, Water Resources Division Bulletin, May-
August, 1982. The following regression equations were obtained to
estimate discharge for the period March 21 to April 17 (Table 1).

If flow at Brandon Road is less than 3980 cubic feet per second (cfs)
V2
if fiow at Brandon Road is more than 3980 cfs

= Antilog (0.565 log vy + 1.56

= Antilog (1.121 log v; - 0.41)

R, = 0.971 with a standard error of estimate of 9.2%

Daily discharge at Brandon Road minus Riverside value

<
n

<
n

2 Estimated Daily discharge at Chicago Sanitary and Ship
Canal at Romeoville »

To test the above equations the May 7 to June 6 period was estimated and
compared to the daily discharge obtained from the flowmeter. The results
show a maximm daily error of 34 to -38 percent with an average error for
the period of -1.2 percent. The individual error may be large for only
one day comparison but for extended periods an average error of 1.2 percent
is acceptable. Table 2 lists the discharge figures used and estimated for
this study.

in the future for periods of no record this procedure will be used after
testing a few discharge values before and after the missing record period
to see if the regression analysis is valid or a new analysis will be

developed using the above procedures. ‘

Reference

Mades, D.M., 1981, Stage-discharge relation at dams on the Illinois
and DesPlaines Rivers in Illinois: U.S. Geological Survey
open-file report, 81-1009, 56 p.

Sincerely,

O o Notho

Allen W. Noehre
Surface Water Specialist

" AWN:bw o
Enclosure






llinois Departm I DU vusror—
Division of Water Resources

310 South Michigan Avenue / Room 1806
Chicago, Ikinois 60604

-August 5, 1985

Mr. Andrew S. Walch

Lands Division

Office of the Solicitor General
U.S. Department of Justice

Main Justice Building

10th & Constitution Avenue, N.W.
Washington, D.C. 20530

Dear Mr. Walch:

I recently received a copy of a July 10, 1985 letter from the
Department of Justice to Brigadier General Hiimes directing the
Corps of Engineers to inform the State of I111nois that one element
of our new diversion accounting procedures (induced infiltration, or
more properly, sewer {nduced groundwater pumpage) cannot be included
without modifying the United States Supreme Court Decree.

I am disappointed that the State of I11inois was not {nvolved in the
discussions and negotfations between the Corps of Engineers and the
Department of Justice in this matter. 1 deeply regret that we were
unable to offer our comments and opinfons regarding the
acceptability of the sewer {nduced groundwater pumpage component
prior to the Department of Justice taking a position. Nevertheless,
1 would still 1ike to convey our reasons why we belfeve this
hydrologic component needs to be fncluded in our accounting system
and is appropriate for us to do so in compliance with the decree.

Subsequent to the approval of the amended decree fn 1980 and the
followup work of the Corps of Engineers’ Three Member Committee and
our own consultants, I11inois has invested a tremendous amount of
time and money aimed at {mproving the accuracy with which we measure
and compute our diversion of water from Lake Michigan. Building on
many of the recommendations of the Three Member Committee and of our
consultant, we have developed an improved diversfon accounting
system. This accounting system {ncorporates state of the art
technology in flow measurement and 1n computer simulation of complex
urban watershed areas. For example, in cooperation with the U.S..
Geological Survey, we have installed an accoustic velocity flowmeter
system to measure total flows passing the Sanitary and Ship Canal
near Lockport. We have also contracted with the Northeastern






Mr. Andrew S. Walch
Page 2
August 5, 1985

IN1inois Planning Commission to take advantage of their computer
capabilities to develop a system of checks and balances to ensure
that the many hydraulic components which are necessary 1o compute -
our diversion are accurate and representative of the hydraulic
characteristics of this heavily urbanized area.

In consultation with the Corps of Engineers, the State of I111nois
decided to use this improved diversion accounting system beginning
with the 1983 accounting year, Recently we sent the Corps a revised
manual of procedures for measuring and accounting I114nofs
diversion along with a annual hydraulic report for the 1933 water
year,

I would Y1ke to emphasize that the development of these {aproved
diversion accounting procedures are entirely consistent with the
general accounting guidelines specified 1n paragraph 2 of the
decree. Furthermore, our efforts to improve diversion accounting
reflect a desire to ifmplement the guidance contafned 1n paragraph 3
that states:

"all measurements and computations required by this decree shal)
be made by the appropriate officers, agencies or
instrumentalities of the State of I11{nois . « + using the best
current engineering practice and scientific knowledge."

I believe that the improvements 1ncofporated into the 1983 diversion‘
accounting report follow this guidance.

After 1-1/2 years of reviewing the subject of sewer induced
groundwater pumpage, the Corps of Engineers has concluded thet our
method of calculating the quantity of this component {s technically
sound, and more importantly, that this hydrologic component s not
Lake Michigan water. Since they have concluded that sewer {njuced
groundwater pumpage s not Lake Michigan water but rather is
groundwater, 1 dor’ t see how the decree can be interpreted so that
this component should be overlooked, or ignored by the state in its
diversion accounting procedures.

I believe this would set a new precedent that clearly is contrary to
the intent of the decree by not allowing IN1inois to claim as 1 -
deduction & specific component of groundwater flow. In fact, it 1is
our opinion that by not properly accounting for sewer induced
groundwater pumpage (a deduction to the total flow at Lockport) we

are being directed by the Corps and the Department of Justice t»
violate the decree.

It has been our belief that the decree specifies a general
accounting framework designed simply to require IN1{nofs to repcrt






Mr. Andrew S. waicn - e ,
Page 3 —
August 5, 1985

as diversion all Lake Michigan water withdrawn from the lake and not
returned and the stormwater runoff which has been prevented from
reaching the lake. Over the years, numerous changes and

- improvements have been made to the accounting procedure to reflect
changing hydraulic conditions and improvements fn the ability to
weasure ana account for both diversion and non-diversfon flows. In
the past, these changes have been recommended by the State of
IN11nois and approved by the Corps of Engineers without any formal
approval process being forwarded to efther the Department of Justice
or to the other parties to the decree. Rather we, and ] assume the
other parties, have assumed this to be a proper exercise of the
Corps supervisory role.

By abdicating this supervisory role over this partfcular flow
component, they cast serious questions about the propriety of all
the previous changes that have been made to the accounting
procedure. Of more concern to Il1l1inois, however, {s the obvious
inconsistency of singling out one minor component of our new
diversion accounting procedures and concludin? that legally this
revision requires specific court approval while at the same time an
entirely upgraded diversion accounting system has been incorporated
which has not gone through the same level of review to the other
parties or to the Department of Justice that the sewer induced
groundwater pumpage component has.

1 believe that the decree shows a8 clear indication by the Court that
they do not wish to be fnvolved-in the technical matters pertaining
to specific components of I111inois diversion. Rather they have
assigned that role to the Corps of Engineers, and we belfeve 1t most
appropriate for them to make these decisfons based on the technical
merits of whether 1t is or is not a component of I1linois' diversion.

1 urge the Department of Justice to review their position on this
matter. At a minimum I would request a more detailed legal

explanation as to why the Department of Justice feels that sewer 4
induced groundwater pumpage 1s not an eligible deduction under the
decree.

———

The magnitude of the sewer induced groundwater pumpage deduction is
small compared to the overall diversion. However, we are extremely
reluctant to manage a diversion accounting program that does not

represent our best efforts at diversion accounting and which 1s not
reflective of the best scientific knowledge and engineering practice ,
available to us. l

———






Mr. Andrew S. Walch
Page 4
August 5, 1985

I believe 1t would be n our best collective interests to continue
our discussions on this fssue. I would welcome the opportunity to
meet with you on this fssue. Please feel free to call me at (312)
793-3123 1f you need additional information or to set up a meeting.

I urge the Department of Justice to review thefr position on this
matter,

BUREAU OF RESOURCE MANAGEMENT

NRF:DI:dn
cc: Zane Goodwin, NCD o«
08411
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I're Meil K. Fulton, Chiet

Bures. o0& Resources inaremeLT
lllincls bepurtrent of lrausportation
Chicepu, lliinvis 6Cola

besr tr, Pulton:

-

Ke: hese 1,8,3, Griy., wisconsin v, 1llirois.

V¢ have piven careful consideration to your letter ox
Atgust 5, 19¢5 tu Andrew }. Walch and continue to achere to the

vieus expressec in our letter of Jvly 10, 1985 to the Corps of
Eug inecrs.

Une of trne beser for the mouitication of the 1967 decrec
adopteu ty the parties in 193C wae a 30% irrerviousness factor to
arprosivece the concitions of the entiie Lake itichipan aiversgion
vatersiec at that tire cue to urbenization, witn provision for :
exceeding the allcwarle diversior ofi 3209 efs by 157 cue to
uncertaintier createc py the chort perioc ot recorc¢ anc “tpe
liceliinoove vi increassec runof? resulting tro: urbeanization™,
tisconsir v, 1llincis, 4G9 U.S, 4, 53 (Ltatcmeut oi Intert an.
Iecruicel Lasie fer Provosed Arenenente to 1907 Lecree). Tiue
Y1nGveed irtiltration™ acouction 18 just ore of geverai corpshente
Ol Lrrenizatioi wehich amvacts o1 the runoft kydroloyv «f the
vesin, ar extrevely corplex phenomena thet is incepsahle ot precisc
veasurcr.el.t. Ly #inpling cut one factor as & Geduecticn witlovt
1eiatiny “inducec infilrratior” to otner factors effectiny the
Tunoli hAycrolop) cr to tne us {rnperviouvsness tactor previcucls
8;Tecd to &«f & basis tor the 1930 wodificatior to the gecree 1r,
i1, our view, &n {nverideeivle increase it tie arount of civereion
iron Leve Picuiiar., Atsert o further vodification of the decrce,
Illincis should nmot decuct tne aupunt of celculuted incuced
ingiltration tro: lockport tlows. tie alsc note tia:t each o0i tie
States i1 these proceedin,.c hae oi:jectec to & urileterei ceductior
Ly the State ¢p lllinois.
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be eppreciate the eftorts taker by the sState of lllincis,
working &n close cooperatior with: ghe Corps of Engineers, to
betcer quartify anc sceount for the wate:r diverted fror Lale
Miehizan., “Induces fufiltration™ is precisely the type of fLacter
impactiug the diversivn with witch the Suprere Court hes corcerned
itsell fu the past. bLe trust that our views will assliet you in

deterniciny whether to seek modification o the cecree to allew
for this deduction. :

‘Sincerely,

louis ¥, Claiborpe
- Jeputy EFolicitor General

€cy Frauk Kozak, Esgquire
Atay Corys ol Enpineers
hortheCencras bivision
33¢ &, Clard Ecreet
Chicago, 1llfinols 6605






