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LAKE MICHIGAN DIVERSION ACCOUNTING FOR WATER YEAR 1983

I. 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 wvalues. 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 balances with the total water

leaving those points.

A. Budgets

A total of 13 water budgets were prepared using both measured and
estimated data, the latter 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 in the new accounting procedure.

Budgets 1 through 3 are not true budgets, in the sense thgg
inputs are measured against outputs, but rather are summations of
critical water supply pumpage data by user. Further, Budge!&
4,9,10, and 11 do not independently balance inputs vers| s
outputs. These budgets are used to estimate stormwater runoff ;l
stream gages by subtracting sanitary and point source flow frygy
the streamflow record. Budgets 5,6,7,8,12 and 13 compars
measured and estimated inputs against measured output. at e
Metropolitan Sanitary District of Greater Chicago (MSDG ;]
treatment plants (Budgets 5,7,8 and 12) this is actually .e
balancing of estimated inputs versus measured inputs to T

treatment plants, since plant effluent is not measured.

Table 1: Water Budgets
-

= =

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, 1.

4 North Branch Chicago River at Touhy Avenue 13 =

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—b -



E. The Accounting Report

Following the preparation of these budgets, their components are
used to compute 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 format 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 1is 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 induced groundwater pumpage refers
to subsurface runoff, or grdundwater, which ordinarily would not
reach a stream but because of the presence of sanitary or
combined sewers, is "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

b =

o =1 ehn b Lt

10
11
12
13
14
15
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 Hichigan.
diversion, the U.S. Dept. of Justice has issued an opinion Eha}l
the current wording of the decree does not allow this to be
included as a deduction to the Lockport record. Illinoim
disagrees with this interpretation, but has not included thig
component of groundwater as a deduction. Hence, this componen!

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

Column 8, (MSDGC Colu;un 12) is runoff from the Des Plaines Riveg
watershed which reaches Lockport. Column 10 is the summation of
Columns 4 through 9 and it .-is the same as MSDGC Column 14. 144
represents the total deductions from the record at Lockport
Column 11 (MSDGC Column 18) is Lake Michigan pumpage dive:ted
past Lockport, and therefore not measured, which must be added ty
the record at Lockport. Included in the value of this column aro
Lake Michigan water supply pumpage to communities in the De!
Plaines watershed, Lake Michigan pumpage diverted to the De
Plaines by the North Shore Sanitary District (NSSD) and the
portions of the combined sewer overflows to the Des Plaines whigy
are derived from Lake Michigan water supply pumpage. Adjustments
are made in this column for pumpage by federal facilities wh icH
reaches Lockport. Column 12 is the same as Column 19 of tb

-
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 pumpade from Lake Michigan by users in
Illinois. Pumpage by federal facilities (Ft. Sheridan, Great
Lakes Naval Training Center, Glenview Naval Air Station and Hines
Veterans Hospital) is not included. 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 sometimes negative. This seemingly
anamolous result can be explained by residual error (resulting
from computational procedures) and consumptive water supply
losses (evaporation, transpiration, and industrial consumption
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, the
sewage effluent from which is diverted to the Des Plaines ﬁiver
and reaches the Illinois waterway below Lockport. This quantity
is the same as Column 11, Lake Michigan Daméstic Pumpage Not
Discharged to the canal, (allowing for adjustments for federal

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.
A-10



A. Record at Lockport

- Perhaps the most significant question raised during the
- preparation of the 1983 accounting.report 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
k 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 periods.
Analysis of runoff in inches at Lockport and two other stream
- gages for the four largest storm events during the 1983 water
9 year yielded the following data.
- Dec. 2-10, 1982 Dec. 23-29, 1982 April 1-6, 1983 July 1-6, 1983

Runoff Precip. Runoff Precip. Runoff Preclp. Runoff Precip.

35SC subwatershed
W At Lockport
(431 mi<) 6.0 3.8 2.3 2.4 3.1 2.3 2.9 2,2
Lsittle Calumet at
W South Holland

(208 mi?) 2.3 4,3 0.7 2.0 1.0 1.6 1.3 4.0
North Branch at
o 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 less 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, fur 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

a=-12



Lockport record remains 400 cfs greater than the sum of measured

and estimated

Table 4:

component flows as shown in Table 4.

Water Year 1983 (cfs)

Summary of Flow Components above Lockport (Budget 13)

Lok ol T
Lake Controlling Structures (Measured fﬂ ol
J ( ) 1ecord ed QF‘
Wilmette 63.6 I+l
CRCW 257.0 b ‘*rI
O'Brien 253.6 bed
Backflows -2,2 |
572.© , 5
Stream Flows (Measured) Sue 72 f#
North Branch at Touhy 156.1 3.9
Little Calumet at South Holland 274.0 q!
H30. | 10.3\
MSDGC Treatment Plants (Measured)
Northside 448.8 l
West-Southwest 1312.4 22.9!
Calumet 336.7 B
Adjustment for
Interlake-Riverdale -4.4
Lemont 2.0
Sug, Wt 2075, 5 -ingﬂ
Other Point Sources (Measured) 6.1 0.2
Summit Conduit (Measured) 15.8 ﬂ'*|
Argonne Withdrawal (Measured) -0.5 I
Grand Calumet Stream Flow (Estimated) 50.3 ’tﬁl
Combined Sewer Overflows in 1
Ungaged Watershed (Simulated) 255.2 l
Direct Runoff in Ungaged
Watershed (Simulated) 166.1 ﬁhil
Total 3590.6 49.0|
Lockport Recorded Flow (Revised) 3991.0 ]GOI
Difference 400.4 1ﬂ|

A=13



B. Water Budgets at MSDGC Treatment Plants »

The water budgets at the MSDGC Northside (Budget 5), Wes
Southwest (Budget 7) and Calumet (Budget 8) treatment plants ﬂ::'
not balance. Estimated inputs are from 10 to 13 percent bel-.
measured inputs. This results in an overall difference of abou:
240 cfs. The budgets for the MSDGC treatment plants al
constructed by estimating an hourly sanitary return flow patte|:
and quantity and then simulating infiltration, inflow a:r
combined sewer overflows. Sanitary return flow to the MsD
treatment plants was assumed to be 90 percent of service are
water supply pumpage. Except for some revisions in .
representation of separately sewered areas, model parameters us
to govern infiltration, inflow, and combined sewer -:werfl:
quantities were those established during calibration in 1977 -
modified by recalibration in 1979 (NIPC, 1977; NIPC, 1980)
Since about 80 percent of simulated influent to these MSIs
treatment plants is sanitary flow, the estimation of influent

highly sensitive to return flow assumptions and relativeﬂ
insensitive to infiltration and inflow parameters. Wi.th a :.I

percent sanitary return flow assumption, simulated influer

totals nearly match recorded flows, but are still slightly lowex

Possible reasons why these budgets did not balance, assumﬂ-
plant influent records are accurate, include model a55umptio:.;
recycle of river water through combined sewer overflc
structures, and unreported discharges to the treatment plan

An analysis of treatment plant influent components indicated tlg
-

A-14



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 especially 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 be re-evaluated as additional vyears of data Dbecome

available.

Leakage through improperly seated gates on combined sewer
overflows is 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 commeicial 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 used 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 record it appears.
that influent to the station does not respond to hydrologic
conditions in the station's watershed. Several occasions weres
noted when heavy rainfall in the watershed produced n¢
corresponding rise in pumping station inflow. Several occasicn!
were also noted when pumping station inflows increasm'
dramatically with no significant rainfall in the watershed. The
pumping station flow also did not correspond with the Westy
Southwest flow record in terms of hydrograph peaks and drx

periods. -

Attempts to estimate pumping station inflow using NIPC's computer.
model resulted in a reasonable overall water balance. Howevery
there was a prevailing inability to match the timing and volums
of flow peaks and dry periods. In contrast, the simulation o¥
the West-Southwest treatment plant watershed, of which th-

pumping station is a part, matched the shape of the measured

plant influent hydrograph reasonably well. -

A-16



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 example, 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

A-17



substantially different from other gages in the same geographicajg

area operated by other agencies, is cause for concern.
-

If precipitation is being undermeasured it would of course affec
estimates of infiltration and inflow to MSDGC treatment plant:
and estimates of total runoff and flow passing Lockport. Thi'
would help to balance the estimates at the treatment plants

(Budgets 5,7,8) and the total flow estimate past Lockport (BudgeW

13).
-

After discussion with MSDGC staff concerning these differences-
no explanation was apparent. pifferences have been noted betweer
records at the 95th Street pumping station which reports to tl
Calumet plant and the Calumet plant's raingage to Chicago at t!
MSDGC Waterways Control Center. No explanation for thesec

differences is available. -

The impact of these differences in terms of the total increase &
discharge passing Lockport is estimated to be 32 cfs if all t
MSDGC gages were assumed to have undermeasured rainfall by !
inches (NOAA 49.7 - MSDGC 37.5). However, the impact

diversion for which Illinois is.responsible is minor since onl
the MSDGC west-southwest raingage was assigned to simulate a=
runoff from the Des Plaines watershed and its are
representation was relatively minor. Changes in MSDGC rainfa’
amounts therefore would increase deductions for stormwater runc-

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



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 location 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
overflows. A flow record exists for the quarry dewatering

operation (Material Service) and in water year 1983 it was



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
groundwater 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 Pumpage

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 underground
collection system of sewers, and which would not have occurred in
an unsewered, undeveloped watershed. In effect, the sewer system
"pumps" this induced groundwater to wastewater treatment plants
and to the river system. This is the first year in which this

component has been computed and reported.

gsewer induced groundwater pumpage is determined by hydrologic
simulation. Subsur face runoff from pervious areas in the

combined sewer watershed was compared to subsurface runoff from a
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pre-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 "jowland/forest" segment was developed

originally during a hydrolegic study of the effects of

urbanization (NIPC, 1976).

The estimating procedure for sewer induced groundwater pumpage is
discussed in detail in the accounting manual of procedures. 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 Illinois totalling 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 wolume 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 year increased diversion
authorization not to exceed 8500 cfs in addition to domestic
pumpage, thus the 1983 water year is easily the 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 River
Controlling Works (248 million gallons) and the O'Brien Locks
(124 million gallons) on December 3, 1982. The December total
Lockport discharge of 6637.1 cfs is the highest discharge for
that month since 1938. In 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. The
discharges for other months in the 1983 water year also rank very

high as shown below.
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Top Ten Monthly Lockport Discharges, Excluding 1957 (1938-1983)

(cfs)
1. 8896 March, 1979 6. 5833 August, 1972
2. 6637 December, 1982 ° 7. 5824 September, 1972
3. 6195 April, 1975 8. 5764 April, 1983
4. 6169 August, 1971 9. 5459 July, 1983
5. 6028 March, 1974 10. 5467 June, 1981

B. Column 2: Diversions Above Lockport Gage

Argonne Laboratories was the only diversion of Sanitary and Ship
Canal water above the gage in the 1983 water year and its

withdrawal averaged just 0.5 cfs,

C. Column 3: Total Flow through Canal

This column is the sum of columns 1 and 2. Its value for water

year 1983 is 3991.5 cfs.

D. Column 4: Groundwater Pumpage From the Lake Michigan
Watershed in Illinois Reaching the Canal

Water supply pumpage data for communities using groundwater were

combined with groundwater pumpage data collected by the Illinois

State Water Survey (ISWS) for industrial and other private users

for the computation of this column. This column represents a

deduction from the Lockport record. Its value in water year 1983

is 50.2 cfs.

E. Column 5: Groundwater Pumpage from the Des Plaines
Watershed Reaching the Canal
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-
Again, community groundwater pumpage records for the 1983 water
year were combined with ISWS groundwater usage data for™
industrial and other private users to compute the values in this
column. The average value of this column, also representing a.

deduction, is 55.0 cfs for the year. »

F. Column 6: Water Supply Pumpage from Indiana Reaching the®
Canal

-
This column is the computation of Indiana water supply reaching

Illinois via the Grand Calumet and Little Calumet Rivers, whicly
is deductible from the Lockport record. The influence of high
Lake Michigan levels (annual average = 579.5 I.G.L.D. with ovel
80 percent of the levels above +1.0 Cc.C.D,) in the nes
computation procedure resulted in a relatively large estimate of

47 cfs for the Grand Calumet deduction. The total deﬂuctioh

computed for this column is 50.7 cfs.

G. Columns 7 and 9: Sewer Induced Groundwater Pumpage
-

As previously discussed, sewer induced groundwater pumpage is not
included as a deduction even though it 1is a component o¥
groundwater. Columns 7 and 9 report the quantities of sewe
induced groundwater pumpage - for Indiana and Illinaisr

respectively. They contribute a total flow to Lockport of abouy

47 cfs for this year.
-
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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 long 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 discharge to the

canal system; (2) total runoff, including infiltration and



inflow, from the lower Des Plaines watershed to the canal; IS}'

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-Southwesiy
treatment plant. Total infiltration and inflow from the upper
Des Plaines watershed was 109 cfs for the 1983 water year. Totaf
runoff from the lower Des Plaines watershed was 123 cfs. Runnf:.
from the Lemont service area was estimated at 1.4 cfs.
Deductible runoff from Summit Conduit was estimated at 13.8
cfs, Finally, runoff from the 13A pumping station was determined
to be 0.2 cfs, a nearly insignificant amount. Total 13983 wate®
year runoff from the Des plaines watershed was 247.6 cfs. o
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
deduction from the Lockport record in water year 1983 is 403.w
cfs. The portion of this amount estimated by hydrologi
simulation is about 233 cfs. An additional 47 cfs for the Gran%
Calumet pumpage deduction is estimated using methods described i-

the manual of procedures (NIPC, 1985).

-
J. Column 11: Domestic Pumpage from Lake Michigan N¢=
Discharged to the Canal, With Adjustments a

This column represents a slight modification to the accc-untiu
procedure outlined in the U.S5. Supreme Court decree to adjust for

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



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 11. 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 max imum

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 pumpage by non-federal entities in

Illinois, runoff from the diverted watershed, and direct



diversion through lake 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 amount is similar to the estimated 393

cfs difference in the Lockport flow balance.

Theoretically, the sum of Columns 13 through 15 should be close
to the value of diversion. This assumes that measurements of
major flow components, such as Lockport and the lake controlling
structures, are accurate. One reason for expecting some
difference in the two amounts is consumptive loss from water
supply. The computation of diversion from the Lockport record
does not charge Illinois for consumptive loss of pumpage whose
sanitary effluent reaches Lockport; i.e., water which Iis
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 been
discussed. If it is truly biased high, then Illinois is being
charged for more diversion than it should. An error of 10-12
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, however, this component would have
to. be increased nearly 80 percent, which also seems guite

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 lies in the estimation of runoff components, th

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. J

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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B. 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.

—_—

cC. Based on COE ratings, the record at the Lockport Powerhouse

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.

— - T I ee— _.________\
D. Based on COE ratings under both free flow and submergence

conditions and tailwater observations obtained by the MSDGC
A for several large runoff events, the record at the
Controlling Works, was reduced by 148 cfs for the 1983 water

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

\ )
——

N .

E. The estimated influent to the three major MSDGC sewage
treatment plants (Northside, West-Southwest, and Calumet)
using the diversion accounting procedure is 243 cfs (12

percent) less than the amount recorded by the MSDGC.

F. Although a reasonable overall flow balance was obtained at
the Upper Des Plaines Pumping Station between the estimated
total influent and the MSDGC recorded total influent, severe
problems in the timing of runoff flows prevents this budget
from being used to check total infiltration and inflow

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 Illinois' 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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ViI.

Conduit watershed. Estimated runoff and measured gquarry and
industrial flows could be wused 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 this.

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

accounting year.

RECOMMENDATIONS

Tho7s /373 report

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

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 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.
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Further investigation is needed to determine the reasons for ?

imbalances between estimated and recorded flow at the three \ \DfJ
\ \

major MSDGC treatment plants. Areas for 1nvestlgat10n \’\y\

include 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.

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.

Investigatinné 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 §U
differences noted during the 1983 water year. Preliminary ﬂ?
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 &
Q

relatively small amount of flow from this area, and the ™)

ability to reasonably estimate flows from this area usini/

pumpage data and runoff simulation.
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G. 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.
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