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Executive Summary

The Eighth Lake Michigan Diversion Technical Committee (8" TC) was appointed by the U.S. Army
Corps of Engineers (USACE) in May 2018 to conduct an assessment and evaluation of the accounting
procedures and methodology used in the determination of diversion from Lake Michigan, and to ascertain
whether or not the methods are in accordance with the “best current engineering practice and scientific
knowledge”, as stipulated by the 1967 Supreme Court Decree and the 1980 modifications. Such a review
is to be performed by a Technical Committee appointed every five years, and a report evaluating the
accounting and operation procedures is to be presented to the USACE and to interested parties. The key
topics reviewed by the 8" TC include the following: Lake Michigan Diversion Accounting (LMDA)
Reports accounting for Water Years (WYs) 2010, 2011, 2012, 2013, 2014, and 2015 and Annual Reports
2016, 2017, and 2018; current diversion-related measurement techniques at the Lemont stream-gaging
station, precipitation gages, and other pertinent structures; procedures used to calculate and verify flows
that are not directly measured; and the status of recommendations from the Seventh Technical
Committee. The Lemont Accounting is used to mean the same accounting system per the U.S. Supreme
Court decree that flow measurement shall be made at Lockport. The actual flow measurement location
over time has been shifted from Lockport to Romeoville to Lemont. The 8" TC has determined, that the
LMDA (WYs 2010, 2011, 2012, 2013, 2014, and 2015) are in compliance with the 1980 Modified
Decree, with respect to the “best current engineering practice and scientific knowledge”. The 8" TC is
in general agreement with the findings and recommendations made by the Seventh Technical Committee.
Actions have been taken in most cases to comply with the recommendations, and progress has been made
since the Seventh Technical Committee recommendations were made. From the standpoint of “best
current engineering practice and scientific knowledge”, the progress of the LMDA has been
significant in a number of engineering/scientific areas: 1) hydrologic and hydraulic modeling and 2) flow
measurements. The acoustical flow measurement technology has not only met the “best current
engineering practice and scientific knowledge” but contributed through their pioneering efforts in the
Chicago Sanitary and Ship Canal (CSSC) flow monitoring to the developing of cutting-edge protocols
supported by the most advanced measurements technologies. The 8" TC expressed concern regarding if
key components at the LMDA system might be in jeopardy for continued full operations (measurement of
stage and discharge) as a result of budget cuts resulting in eliminating support for six of the streamflow
gages currently used in the LMDA system. The USACE has indicated to the 8" TC that the USACE will
continue to cooperate with U.S. Geological Survey (USGS) and other local stakeholders to ensure that an
efficient streamgaging network is maintained that meets mission requirements.

Cumulative Deviation of Lake Michigan Diversion

The cumulative deviation of Lake Michigan diversion had increased from 1983 until 1994, when the trend
reversed. The Lake Michigan Diversion is through WY 2015, based on flow at the USGS Lemont gage.
Based on the data provided by the USGS and the USACE, the cumulative deviation has increased
dramatically since 1999, and is +4699 cfs — years for WY 2015. This in part can be attributed to the levels
of Lake Michigan and the reduction in leakage at the CRCW as a result of the repairs made to the lock
gates and completion of the new turning basin all by the summer of 2000. The continued reduction in
Lake Michigan pumpage since the early 1990s also reflects an aggressive campaign by the City of
Chicago to repair leaky water mains which has also contributed to the reduction in the cumulative
deviation from Lake Michigan diversion flows. The LMDA Reports (WY 2016, 2017, and 2018) have not
been completed.



Activities for Fiscal Year (FY) 2010

The activities in FY 2010 included data collection for WY 2010, continuing modeling of diversion
accounting for WY 2006 and WY 2007. Analyses of flow measurement data at Lemont and assessment of
accounting changes resulting from relocating the Acoustic Velocity Meter (AVM) from Romeoville to
Lemont were performed. Incorporating the Sixth Technical Committee’s recommendations, the USACE
requested that the USGS document the history of flow measurement for LMDA, the flow measurement
instrument currently deployed at Lemont, and detailed analyses of flow measurement data collected at
Lemont versus Romeoville. In 2010 the Corps contracted the Illinois State Water Survey to upgrade the
field rain gage equipment with new data loggers, cellular telemetry and power supply. In 2010 the
USACE requested that the USGS install an AVM in the Summit Conduit to measure the runoff from a 5.4
mi2 Des Plaines River watershed to the CSSC. The State of Illinois completed repairs near the north basin
wall of the Chicago River Controlling Works to reduce leakage.

Activities for FY 2011

The activities in FY 2011 included data collection for WY 2011, and completion of Lemont accounting
computations for WY 2006 and WY 2007. The Corps installed new lock gates at the Chicago Lock that
would help reduce leakage. In August 2011 the Corps met with model developers from the University of
Illinois to discuss the current progress made on several hydrologic and hydraulic models. It is being
evaluated that several of these models — in particular the Illinois Transient Model (ITM) and Illinois
Conveyance Analysis Program (ICAP) — may take the place of the current Tunnel Network (TNET)
models.

Activities for FY 2012

The activities in FY 2012 included data collection for WY 2012, and completion of Lemont accounting
computations for WY 2008 and WY 2009. Revisions to the Diversion Accounting manual were
incorporated into the electronic document as the document was brought up-to-date. The USGS published
the report on "Comparison of Index Velocity Measurements Made with a Horizontal Acoustic Doppler
Current Profiler and a Three-Path Acoustic Velocity Meter for Computation of Discharge in the Chicago
Sanitary and Ship Canal near Lemont, Illinois.” The USGS published the report on “Monitoring of Stage
and Velocity, for Computation of Discharge in the Summit Conduit near Summit, Illinois, 2010-2012”.
The USGS published a report on the “Role of the U.S. Geological Survey in Lake Michigan Diversion
Accounting in lllinois, 1984-2010”. The USGS completed the discharge rating of the sluice gates at
Lockport Controlling Works. A pilot study on the consumptive use was initiated using water supply and
sewer flow measurement data in a northwestern suburb of Chicago (Elk Grove Village, IL). The
University of Illinois is modifying their Tunnel and Reservoir Plan (TARP) modeling software to include
the data Input/Output (1/O) interface with the Hydrologic Engineering Center-Data Storage System (HEC-
DSS) and accept user-specified inflow hydrographs at the drop shaft locations.

Activities for FY 2013

The activities for FY 2013 include data collection for WY2012 and completing the Lemont accounting
computations for WY 2010 and WY 2011. The Seventh Technical Committee was convened in May
2013. During FY 2013, Committee members attended workshops and meetings to be briefed on various
activities and technical procedures related to Lake Michigan Diversion. The USGS published the report
“Evaluation of the Potential for Hysteresis in Index-Velocity Ratings for the Chicago Sanitary and Ship
Canal near Lemont, Illinois”. The USGS installed a vertical Acoustic Doppler Velocity Meter in the
CSSC at Lemont in July 2013.



Activities for FY 2014

During FY 2014, the annual diversion accounting reports for WY 2010 and 2011 were finalized. During
FY 2014, a study on the inventory of green infrastructure and their potential impact on the runoff from the
diversion watershed for Lake Michigan Diversion accounting was initiated. Updates to the water control
manual for the Chicago Harbor Lock began in April 2014 and continued through the end of the fiscal
year. The third workshop for the Seventh Technical Review Committee was held in October 2013. The
Technical Committee completed their review and published their findings report in April 2014.

Activities for FY 2015

During FY 2015, the processing of the data collected for WY 2012 and 2013 continued through
December 2014. Upon completion, the diversion accounting computations for WY 2012 and 2013 began.
Although sufficient data were available to begin the computations for WY 2013, further progress was
eventually hindered while awaiting responses from several local municipalities. The decision was made to
split the publication of the two water years, moving forward with the WY 2012 accounting. The final
column computations for WY 2012 were completed in May 2015, while the review of the WY 2012
report was completed in September 2015. The final diversion computations for WY 2013 were completed
in September 2016. The USGS published the report “Analysis of Regional Rainfall-Runoff Parameters
for the Lake Michigan Diversion Hydrological Modeling”. This report provides a summary of the
analysis undertaken by the USGS and USACE - Chicago District to assess the predictive accuracies of
selected parameter sets. The Agency Technical Review (ATR) for the Chicago Harbor Lock’s water
control manual was completed in February 2015.

Summary of Hydrologic and Hydraulic Modeling

The 8" TC reviewed the hydrologic and hydraulic (H&H) models currently used in the LMDA
procedures with regard to:

The appropriateness of the individual models,

The modeling strategy implemented to develop estimates of diverted flow quantities,
e The derivation of model input parameters and model performance metrics,

e Developments that have occurred since the review by the Seventh Technical Committee (7" TC),
and

e Potential replacements for any of the models.
The 8" TC concludes the following:

a) “Regional” calibration of HSPF parameter sets and their application to nearby hydrologically
similar watersheds is consistent with the “best current engineering practice and scientific
knowledge”.

b) The pervious and impervious percentages by land use category used since WY 1997 meet the
standard of the “best current engineering practice”.

c) The continued use of the land cover percentages in use since 1997 is reasonable and meets the
standard of the “best current engineering practice”.

d) Given the generally good performance of the 2008 USGS parameters found by Soong and Over
(2015) for various gaged watersheds in the Chicago area, and, especially, the good performance



f)

9)

h)

in estimating flows from the ungaged lower Des Plaines River and Summit Conduit watersheds,
the 8" TC recommends that the USACE continue to use this parameter set in the LMDA
computations.

The numerical instabilities in TNET computations have been reduced by modifications the
USACE has made to TNET in recent years as detailed in Section 4.3.2. Thus, the 8" TC
concludes that the current version of TNET applied in the diversion accounting meets the
standard of the “best current engineering practice”.

The models used to compute aspects of the diversion accounting meet the Supreme Court’s
requirement that the diversion accounting be done according to the “best current engineering
practice and scientific knowledge”.

Unfortunately, now that all the major deficiencies in the hydrologic and hydraulic models used in
the diversion accounting have been corrected, it is time to develop new models. The versions of
the Special Contribution Area Loading Program (SCALP) and TNET currently used in LMDA
are DOS-based and may have future hardware and computer operating system issues. With
respect to SCALP, whereas there are numerous models that perform similar modeling of
combined sewer interceptor systems, the effort necessary to apply and “calibrate/test” a new
model to the interceptor systems feeding to the Water Reclamation Plants (WRPs) and TARP
system in the diversion watersheds would be more substantial than the effort to recode and test
the SCALP model. Thus, the 8" TC supports the USACE’s plan to recode and test the SCALP
model for continued use in the LMDA. With respect to TNET, two models developed by the
University of Illinois (U of 1) could potentially be useful to the USACE as they look to replace
TNET, namely the (1) ICAP and (2) a U.S. Environmental Protection Agency (USEPA) Storm
Water Management Model (SWMM) (Rossman, 2008) developed for the Calumet TARP system.
Also, the USACE is considering developing new Hydrologic Engineering Center-River Analysis
System (HEC-RAS) models of the TARP tunnels and reservoirs. The 8" TC recommends that the
USACE work together with the U of | to modify ICAP to compute CSOs using actual pump
operations, and evaluate the potential usefulness of ICAP for LMDA computations. The 8" TC
also recommends that the USACE work together with the U of | to evaluate the potential
usefulness of the USEPA SWMM of the Calumet TARP system for LMDA computations. The
8" TC feels that building and testing new HEC-RAS models of the Calumet and Mainstream/Des
Plaines TARP systems from scratch will be a large undertaking. Thus, the 8" TC feels that the
LMDA funding might be more effectively spent if the existing, tested ICAP or SWMM models of
the TARP system could be adapted for LMDA computations. Whatever model is used to replace
TNET—ICAP, SWMM, or HEC-RAS—it should be set up so that simulated water levels can be
compared to measured water levels where available.

Given the importance of flow data at the Upper Des Plaines Pumping Station (UDPPS) to the
LMDA, the USACE should do whatever it can to encourage the Metropolitan Water Reclamation
District of Greater Chicago (MWRDGC) to make recording the UDPPS flow data a priority.
Once more complete records of flow are available at the UDPPS the USACE should evaluate in
detail the performance of the hydrologic and hydraulic models in estimating the flows reaching
the UDPPS.

The high flows in the West Branch of the Grand Calumet River after dredging (completed in
2016), the high water levels in Lake Michigan in recent years, and the possibility of flows from
the East Branch of the Grand Calumet River reaching the West Branch indicate a complete re-
evaluation of flows from Indiana reaching Illinois needs to be done using a new hydraulic model
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of the Grand Calumet River system. The 7"" TC recommended that “After dredging is complete,
HEC-RAS model should be updated and recalibrated. Regression equations used for LMDA
should be reviewed and revised as appropriate.” The 8" TC fully concurs with the
recommendation that a new HEC-RAS model should be developed for the post-dredging Grand
Calumet River system. Further, the derivation of new equations should be completely detailed in
a report for review by a future Technical Committee. The U of | is developing a HEC-RAS
model of the Grand Calumet River system for the MWRDGC. Thus, the 8" TC suggests that the
USACE could work together with the U of I in the development of the new HEC-RAS model to
minimize duplication of effort. Then using the new HEC-RAS model new relations should be
developed between Lake Michigan water levels and Indiana water supply reaching the Chicago
Area Waterway System (CAWS) through the Grand Calumet river. The detailed water surface
elevation data collected in the Grand Calumet river system between late February 2017 and
August 2018 may be sufficient to calibrate and verify the new HEC-RAS model for the Grand
Calumet River system. However, the USACE should be aware that more data may be needed to
fully calibrate and verify the model, and may want to have USGS re-establish the water-surface
elevation data network for a limited period.

j) In October 2018, the USGS installed a new temporary gaging station at Columbia Avenue 1 mile
upstream from Hohman Avenue. This gage is composed of a side-looking Acoustic Doppler
Velocity Meter (ADVM) mounted on a 2-in. diameter aluminum pipe on the left bank upstream
culvert guidewall 20 ft upstream of Columbia Avenue. The 8" TC commends the USGS on the
establishment of this new gage, and it encourages the USACE to evaluate the use of the Columbia
Avenue gage for the development of new relations to determine Indiana water supply reaching
the CAWS (to be used as a deduction in the LMDA). This recommendation is necessary in view
of the history of poor rating conditions at the Hohman Avenue gage discussed in Section 4.6.3

Summary of Flow Measurement

The 8" TC critically examined the flow measurement instrumentation and infrastructure as well as the
data acquisition and processing protocols used in the LMDA since 2014 when the 7" TC review report
was issued. In this reference period, there have been significant advancements on many aspects of the
LMDA direct flow measurements and there are more developments currently on-going. As usual, the
central attention for the flow measurement component of the LMDA has been the streamflow gaging
station located at Lemont, IL, which accounts for 90% of the directly measured data for accounting
purposes. Given the critical importance of these advancements and of the on-going developments for the
overall assessment of the LMDA study, only aspects related to the Lemont station data acquisition are
presented in this summary. Specific findings and suggestions for improving other aspects of the flow
monitoring associated with the LMDA study are summarized in the Chapter 5 and in the 8" TC
Recommendation section of the report.

Following a series of studies on the CSSC carried out in the last decade, the problem of time transients in
the CSSC is currently well documented (Jackson et al. 2012, 2013; Muste and Lee, 2013; Jackson, 2018).
Especially relevant is the study conducted by Jackson (2018) that summarizes results from more than 3.5
years of continuous monitoring with an up-looking Acoustic-Doppler Current Profiler (ADCP) deployed
at the Lemont gaging station. This study enables examination of the monitoring at this station from a new
perspective: one that is not possible with the horizontally oriented instruments deployed at the site. The
study results fully document the variability in the velocity profile over a wide range of unsteady flows, as
well as the impacts of tow passages and operations at the controlling structures in the CSSC. These data
also reveal other flow complexities active in the CSSC such as the seasonal, density-driven underflows

11



triggered by a combination of environmental variables. The results ensuing from Jackson (2018) properly
address most of the concerns expressed by the flow measurement experts of the 6™ and 7" TCs regarding
the current streamgaging practice.

The aforementioned findings were further investigated by Jackson (2018) to document the impact of the
flow perturbations generated by various perturbation sources on the performance of the index-velocity
method used in conjunction with the AVM and horizontal ADVM deployed at the Lemont gaging station.
There is no question that the index-velocity is the best approach for continuous real-time measurements in
complex measurement environments where flow unsteadiness and backwater might be present. However,
the main concern for the present context is to assess if the performance of the one-to-one Vindex-Vmean
relationship, used at the Lemont station for estimation of discharges, is sufficient for LMDA purposes.
Jackson (2018) illustrated that while the hourly and daily mean discharges measured at the station might
be slightly off compared to direct discharge measurements (reference), the monthly and annual mean
discharges are not statistically different. Given that for the purposes of LMDA, the assessment of the
diversions from Lake Michigan is based on an annual mean discharge, Jackson (2018) concludes that the
current index-velocity method used in conjunction with AVM and ADVM is an acceptable discharge
estimation method. The 8th TC agrees with this conclusion.

In parallel with the verification of the flow monitoring activities at the Lemont gaging station, the LMDA
monitoring team adopted internationally accepted standards for the conduct of uncertainty analysis (Over
et al., 2017). This adoption enables to currently state with confidence that the LMDA is accomplished
within specified uncertainties in a complex measurement environment that for many other agencies
appear intractable. More valuable information on uncertainty sources are expected from the
implementation of a new direct discharge measurement method (i.e., the Q-Track) installed by the USGS
in the Spring of 2017. It is expected that the successful implementation of the Q-Track system will not
only quantify unknown uncertainties but will offer a state-of-the-art methodology to directly measure
discharges with high spatial and temporal resolution on par with the data directly acquired with ADCP
transects currently used to build the ratings at the station. Once the methodology and implementation
aspects are finalized, the Q-Track has the potential to become the primary measurement standard at the
Lemont gaging station. The Q-track is more efficient than the current time- and cost-intensive index-
rating hence the latter method can become the secondary (backup) measurement method at some time in
the future.

Similar to the preceding review committees, the 8" TC is overall pleased with the efforts of the USACE
to address the plethora of issues raised by the committees over time. The follow-up work carried out with
attention and ingenuity by the USGS streamgaging team is commendable as it is a known fact that the
measurement environment at Lemont, and in general in the whole CSSC system, represents a continuous
challenge irrespective of the methods and instruments used for flow monitoring. From this perspective,
the tasks tackled by the USGS under the coordination of the USACE is in many respects pioneering work
in the hydrometry area. The technical level of these efforts exceeds the level of “the best current
engineering practice and scientific knowledge in hydrometry”. Many of the lessons learned during the
implementation of the cutting-edge technologies and protocols developed for streamflow measurement at
the Lemont station became integral parts of the operation guidelines for other stations in the nation.
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1.0 Introduction
11 History of Lake Michigan Diversion
When Maj. Stephen H. Long described the Chicago River on March 4, 1817, (Hill, 2000) he stated:

“The Chicago River is but an arm of the lake [Lake Michigan], dividing itself into two branches,
at the distance of one mile inland from its communication with the lake. The north branch extends
along the western side of the lake about thirty miles and receives some few tributaries. The south
branch has an extent of only 5 or 6 miles, and receives no supplies, except from the small lake of
the prairie [Mud Lake, at the portage connection with the Des Plaines]... the river and each of its
branches are of variable widths, from 15 to 50 yards and, for 2 or 3 miles inland, have a sufficient
depth of water to admit of almost any burden.”

Presented in Figure 1.1 is the 1830 map of the Chicago River outlet at Lake Michigan.

In 1822 Congress authorized Illinois to construct a canal between the Chicago and Illinois Rivers. On
April 10, 1848, after several failed attempts and financial setbacks, the 96-mile Illinois and Michigan
Canal was completed between Chicago and LaSalle, Illinois. Eventually, the demands of growing
commerce led to changes in the river from the complete removal of the sandbar at its mouth to the
replacement of the portage route with the Illinois and Michigan Canal, the fulfillment of a centuries-
old dream. As the city grew, the river became polluted by the waste-disposal needs of both people and
industry, requiring further changes to the river. Humans turned the river into a sewer; the pollution of
the river threatened the life force of the growing metropolis. The river overflowed its banks, carrying
the seeds of devastating illnesses out into Lake Michigan and polluting the city’s drinking water
supply. In 1865, the population of Chicago was 178,900. The Chicago River served as the receptacle
for sewage and garbage. The conveyance capacity of the Illinois and Michigan Canal was insufficient
to convey runoff from heavy rains resulting in flow back into Lake Michigan, threatening the city’s
water supply. In 1871, the canal was deepened to increase the capacity to convey flows away from
Lake Michigan. In 1880, Chicago’s population had grown to 503,185 and the canal’s capacity, even
with the deeper cut, was insufficient to carry the increased flow. Sewage flowed into Lake Michigan
resulting in significant outbreaks of disease. The Chicago Sanitary District was created and on
September 3, 1892, it began excavation of the Chicago Sanitary and Ship Canal (CSSC), a 28-mile
canal between Chicago and Lockport, lllinois. (April 1899) (Figures 1.2 and 1.3). St. Louis
determined that the CSSC was a probable threat and Missouri planned to file for an injunction. In the
middle of the night of January 1, 1900, Commissioners of the Chicago Sanitary District breached
Needle Dam Figure 1.4 allowing river water to enter the canal. Prior to approximately 1982 the
Metropolitan Water Reclamation District of Greater Chicago (MWRDGC) was known as
Metropolitan Sanitary District of Greater Chicago (MSDGC). In 1910, the 8-mile North Shore
Channel was completed and in 1922 the 16-mile Calumet-Sag Channel was completed. The Chicago
River Controlling Works (CRCW) were completed in 1938, allowing control of flow from Lake
Michigan into the Chicago River. The O’Brien Lock and Dam were completed in 1965, controlling
flow from Lake Michigan through the Calumet River into the Calumet-Sag Channel. (Figures 1.5-
1.7). Opening the Chicago Waterway resulted in a series of disputes between Illinois, the War
Department, other Great Lakes states, and Canada, dating back to 1900 and continuing to date, to
address the issue of Illinois’ diversion of water from Lake Michigan. Summarized in Figure 1.6 and
1.7 is The Chicago Sanitary and Ship Canal System before and after canal construction.
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Figure 1.1. Chicago River - 1830

14



Figure 1.2. Photographs showing construction of the Chicago Sanitary and Ship Canal 1892-1900, referred to as “Chicago School
of Earthmoving” (Courtesy of Lewis University Archives)
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referred to as the “Chicago School of Earthmoving” (courtesy of Lewis University Archives).
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Figure 1.4. Breaching Needle Dam to allow flow into the Chicago Sanitary and Ship Canal, January
2, 1900. (Courtesy of Lewis University Archives)
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Figure 1.6. Development of Chicago Sanitary and Ship Canal System —
Before Canal Construction.
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Figure 1.7. Development of Chicago Sanitary and Ship Canal System —
Chicago Sanitary and Ship Canal System Completed.



In 1901 the MSDGC was authorized by the Secretary of War to divert 4,167 cfs in addition to
domestic pumpage. In 1908 and again in 1913, the United States brought actions to enjoin the
MSDGC from diverting more than the 4,167 cfs previously authorized in 1901. The two actions
were consolidated, and the Supreme Court entered a Decree on January 5, 1925 allowing the
Secretary of War to issue diversion permits. In March of the same year, a permit was issued to
divert 8,500 cfs in addition to domestic pumpage, which was about the average then being used.

In 1922, 1925, and finally in 1926, several Great Lakes states filed similar original actions in the
U.S. Supreme Court seeking to restrict diversion at Chicago. A Special Master, appointed by the
Court to hear the combined three suits, found the 1925 permit to be valid and recommended
dismissal of the action. However, the Supreme Court reversed his findings. Subsequently, the
Court instructed the Special Master to determine the steps necessary for Illinois and the MSDGC
to reduce diversion. Consequently, a 1930 Decree reduced the allowable diversion (in addition to
domestic pumpage) in three steps: 6,500 cfs, after July 1, 1930; 5,000 cfs after December 30,
1935; and 1,500 cfs after December 31, 1938.

In 1967, a U.S. Supreme Court Decree limited the diversion of Lake Michigan water by the State
of lllinois and its municipalities, including sewage and sewage effluent derived from domestic
pumpage, to a five-year average of 3,200 cfs, effective March 1, 1970. This Decree gave full
responsibility to the State of Illinois for diversion measurements and computations. The U.S.
Army Corps of Engineers (USACE) was to have a role of “general supervision and direction.”
The first five-year accounting period began March 1, 1970 and ended to February 28, 1975.
During this period, the average diversion was 3,183 cfs. The next accounting period began March
1, 1975 and ended February 29, 1980. During this period, the average diversion was 3,044 cfs.
The U.S. Supreme Court amended its 1967 Decree on December 1, 1980. The amendment
changes, in part, provisions of the 1967 Decree that prevented the State of Illinois from
effectively utilizing and managing the 3,200 cfs of Lake Michigan water, which had been
allocated previously by the U.S. Supreme Court. This amendment forms the current diversion
criteria this report addresses. These criteria can be summarized as follows:

1. An increase in the period for determining compliance with the diversion rate limit of 3,200 cfs
from a 5-year running average to a 40-year running average,

2. Changing the beginning of the accounting year from March 1 to October 1,

3. Limit on the average diversion in any annual accounting year shall not exceed 3,680 cfs,
except in any two (2) annual accounting periods within a forty (40) year period, and the
annual average diversion shall not exceed 3,840 cfs, and

4. Limit on the cumulative algebraic sum of the average annual diversions minus 3,200 cfs
during the first 39 years to 2,000 cfs-years.

In addition, the modified U.S. Supreme Court Decree for the Lake Michigan Diversion at
Chicago, Illinois, adopted by the Court on December 1, 1980, stipulates that the USACE
convene a three-member Technical Committee at least once every five years to review and
report on the methods of flow measurement and procedures for diversion accounting. The
Committee review is to include:

1. an evaluation of the current procedures used for the measurement and accounting of diversion
in accordance with the best current engineering practice and scientific knowledge; and
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2. recommendations for any appropriate changes to those procedures.
1.2 Overview - Components of Lake Michigan Diversion (2010-2015)

The average annual value for each of the primary components of the Lake Michigan Diversion
for accounting years 2010 through 2015 are listed in Table 1.1 including lockages, leakages,
navigation makeup flow, discretionary flow. The primary components of Lake Michigan
Diversion accounting are presented in Figures 1.8 and Figure 1.9 and are as follows:

o water supply taken from Lake Michigan intake cribs (the Harrison-Dever Crib one of the
Lake Michigan Cribs is shown in Figure 1.9) and discharged into the river canal system or
rivers in the greater Chicago area as Water Reclamation Plant effluent and occasional
combined-sewer overflows (CSOs);

o storm runoff from the diverted watershed area of Lake Michigan, draining to the river and
canal system in the greater Chicago area; and

o water from Lake Michigan entering directly into the river and canal system in the greater
Chicago area. This component consists of the following three parts (Table 1.1, note: all the
lakefront facilities are shown in Figure 1.8):

a) water required for lockage at the Chicago Harbor Lock and the Thomas J. O’Brien
Lock;

b) leakage occurring at the CRCW, Lock, and turning basin walls (Chicago Harbor),
O’Brien Lock and Dam, and Wilmette Pump Station and Sluice Gate; and

c) direct diversions for navigational make-up and discretionary (water quality
improvement) purposes made at the CRCW and O’Brien Lock and Dam, and
discretionary purposes at the Wilmette Pump Station

21



Table 1.1. Total Average Annual Flow of Different Components of the Lake Michigan Diversion,

2010 - 2015
2010 2011
Average | Percentage | Average | Percentage
Flow of Total Flow of Total
Description (cfs) Flow (cfs) Flow
Lake Michigan Pumpage by the State of Illinois 1253 44.4 1245 45.4
Runoff for Diverted Lake Michigan Watershed 1190 42.1 1146 41.8
Total Direct Diversions 382.2 13.5 352.1 12.8
Total Diversion (columns 11-13) 2825 2743
Lockages 45.5 1.6 37.2 14
Leakages 35.0 1.2 16.6 0.6
Navigation Makeup Flow 24.0 0.9 28.2 1.0
Discretionary Flow 2774 |98 2696 |98
Total Diversion (columns 1-10) 2874 2791
2012 2013
Average | Percentage | Average | Percentage
Flow of Total Flow of Total
Description (cfs) Flow (cfs) Flow
Lake Michigan Pumpage by the State of Illinois 1288.5 |57.8 1230.3 | 48.8
Runoff for Diverted Lake Michigan Watershed 623.3 28.0 946.9 37.6
Total Direct Diversions 317.4 14.2 342.4 13.6
Total Diversion (columns 11-13) 2229 2520
Lockages 25.7 1.2 25.1 1.0
Leakages 18.2 0.8 115 0.5
Navigation Makeup Flow 5.4 0.2 29.2 1.2
Discretionary Flow 268.0 | 12.0 2765 | 11.0
Total Diversion (columns 1-10) 2267 2431
2014 2015
Average | Percentage | Average | Percentage
Flow of Total Flow of Total
Description (cfs) Flow (cfs) Flow
Lake Michigan Pumpage by the State of Illinois 1220 44.1 1176 49.3
Runoff for Diverted Lake Michigan Watershed 1128 40.7 859.9 36.1
Total Direct Diversions 421.2 15.2 348.5 14.6
Total Diversion (columns 11-13) 2769 2384
Lockages 53.8 1.9 64.4 2.7
Leakages 20.9 .8 29.1 1.2
Navigation Makeup Flow 31.0 1.1 34.6 1.5
Discretionary Flow 3156 | 11.4 2204 |92
Total Diversion (columns 1-10) 2785 2390

22




‘! Lockport Lock and Dam

Figure 1.8. Chicago River Controlling Works

O’Brien Lock and Dam

Wilmette Pump Station and Sluice Gates

23



Figure 1.9. Harrison-Dever Cribs.
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13.2

Summary of the First to Seventh Technical Committees’ Recommendations and Findings

The Technical Committee has convened eight times since the modified U.S. Supreme Court
Decree was adopted on December 1, 1980 for the purpose of reviewing flow measurement
methods and procedures for diversion accounting. Each review has been documented in a final
report that describes the review and associated findings, and provides recommendations. Each
subsequent Committee reviews the preceding committee reports and investigates activities
undertaken by the various parties involved in the accounting process to address the
recommendations offered by previous committees.

Like the accounting methods and procedures, the findings and recommendations of the Technical
Committee have evolved over time. The following sections summarize the primary findings and
recommendations provided by each of the previous seven Technical Committees. The specific
action taken by the USACE is discussed in each individual committee report.

First Technical Committee

The first three-member Technical Committee convened in June 1981, and issued their final
report, dated October 1981. The committee’s report presented a discussion of the history of
diversion, the various components of the diversion, and the various flow measurements and
computations used to determine Lake Michigan diversion as defined by the 1980 Modified
Supreme Court Decree. The First Committee found virtually every aspect of the program to
account for diversion from Lake Michigan to be in need of improvement. The diversion,
measurement and accounting process “lacked credibility.” The Lockport flow components, the
cornerstone for diversion accounting, at that time, were determined to be deficient “in practically
every aspect.” The First Committee report was reviewed to establish a base of reference for the
evaluation of diversion activities since 1981. The following is a brief summary of
recommendations made by the First Committee:

1. Preparation of a Master Plan for diversion accounting,

2. Establishment of a Quality-Assurance program including an Operational Procedure Manual,
3. Consideration of alternatives to measurement at Lockport facilities,

4. Modifications and improvements to flow measurement practice for Lockport facilities, and
5. Modifications to flow measurement practices for Lockport Lock leakage.

Second Technical Committee

The Second Technical Committee was convened in July 1986 and reviewed accounting for Water
Years (WYs) 1981 through 1983. The following is a brief summary of the major findings and
recommendations of the Second Committee:

1. The Second Technical Committee was in general agreement with the findings and
recommendations made by the First Committee (1981)
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2. The Master Plan for diversion accounting and the Quality Assurance program are essential
elements of the diversion accounting program that were still lacking,

3. The diversion accounting certification report should provide the reader a narrative description
of the facts which support the certification evaluation,

4. At some appropriate time, probably no earlier than after the completion of WY 1987, the
diversion records for water years after 1980, should be reviewed, and if appropriate, revised as
necessary to account for the apparent errors in the Lockport discharge rating used during WY's
1981-1984,

5. Columns 7 and 9 of the Diversion Accounting Procedures representing the so-called sewer
induced groundwater inflow should be withdrawn from the diversion accounting format,

6. Action should be initiated to address the deficiencies in the data bases for parameter values and
model calibration, verification, and simulation, especially as they pertain to those drainage
areas used directly in computing diversion,

7. Examine the constancy of the relation between water-supply pumpage and sewage treatment-
plant inflows and its applications for the purpose of estimating the infiltration and inflow
deduction for the Des Plaines watershed,

8. Reconsider the alternatives (modeling, etc.) for estimating the annual runoff from the Lake
Michigan watershed,

9. The effort by the U.S. Geological Survey (USGS) to establish guidelines to promote
improvement in the quality of the Acoustic Velocity Meter (AVM) records should be
continued,

10. The current regressions of the daily discharges for the AVM against MSDGC'’s records for
flow at Lockport, used for the AVM back-up, should be reconsidered, specifically giving
attention to the actual Lockport operating configurations,

11. A technical review of the AVM flow records should be conducted annually by the
participating agencies,

12. The flow records for the AVM and flows at Lockport reported by MSDGC should be
reviewed and compared for consistency on an annual basis,

13. The mean bed elevation for the canal in the reach delimited by the AVM transducer location
should be determined, as well as along the transducer paths,

14. The Lockport facilities of the MSDGC and USACE should be used for the back-up to the
AVM system at Romeoville,

15. Execute a set of field measurements designed to verify the ratings developed by the USACE
Waterways Experiment Station (WES) for both the Lockport Powerhouse sluice gates and the
Lockport Controlling Works,

16. Infiltration and inflow of groundwater into the Tunnel and Reservoir Plan (TARP) tunnels
should be treated as a deduction to the flows measured at Lockport, and

17. The runoff to the TARP system for the Lower Des Plaines combined sewer system should be
determined and included as a deduction.
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Third Technical Committee

The Third Technical Committee was convened in February of 1993 and reviewed WY's 1984
through 1989. This Third Technical Committee was gratified by the improvement achieved in the
accounting procedures, particularly in the quality of the AVM records. The primary reason for the
diversion exceeding the flow limits of the Supreme Court Decree as modified in 1980 is the
improved accuracy of the accounting procedures. A major part of this improved accuracy can be
attributed to the AVM system at Romeoville. In most instances, actions have been taken to
comply with the recommendations and significant progress has been made. Some of the findings
and recommendations made by the Third Technical Committee are still current are listed in italics
to emphasize their importance.

1. The draft of the Master Plan for the Lake Michigan Diversion Flow Measurements and
Accounting Procedures 14 April 2014 is needed.

2. The Master Plan should include an “Operational Procedures Manual” documenting technical
procedures and methods used in the Lake Michigan diversion computations,

3. The draft — Plan (draft — October 1988) should be updated and finalized based on the present
status of Lake Michigan diversion computational procedures and measurements,

4. Update the AVM Quality-Assurance Plan,

5. A technical review of the Romeoville AVM discharge ratings and flow records should be
conducted annually,

6. The mean bed elevation of the canal at the AVM measuring reach should be surveyed
periodically,

7. An examination of the range of discharge measurements indicates that about 80 percent of the
measurements were made at gage heights between 24.7 and 25.7 ft. If at all possible, it would
be very useful in the development of discharge ratings to obtain more discharge
measurements at the 21 to 24 ft range,

8. The Acoustic Doppler Current Profiler (ADCP) (Broadband) system should be used to
calibrate and verify the AVM Romeoville system operations. The ADCP can be a valuable
tool for measurement during low flow and/or unsteady flow conditions,

9. Investigate the feasibility of developing ratings between the leakage flow through the gates at
the lakefront and the water surface elevation of the lake, and

10. Annual Lake Michigan diversion results should be published in a more timely fashion, and
field investigations of flow characteristics of the Upper Des Plaines Pumping Station
(UDPP), including bypass flow, should be conducted to improve the accuracy of inflow and
infiltration characteristics used in the hydrologic simulation.

Fourth Technical Committee

The Fourth Technical Committee was appointed July 1998 and held the first workshop in
September 1998 and reviewed WY's 1990 through 1995. The Fourth Technical Committee was
gratified by the improvement achieved in the accounting procedures, particularly in the quality of
the AVM records. Some of the recommendations and findings made by the Fourth Technical
Committee are summarized as follows:
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1. The draft quality assurance plan (October 1988) has not been updated as recommended by the
Third Technical Committee. The draft quality-assurance plan (October 1988) should be
updated and finalized based on the present status of Lake Michigan diversion computational
procedures and measurements (1999 conditions).

2. Before implementing lakefront accounting, a manual of procedures for lakefront accounting
should be written.

3. The Lake Michigan accounting procedures should be modified to begin with an initial set of
template files rather than begin with the previous year’s files, which are copied and modified
to represent the current year’s data.

4. Results from statistical analyses of the six years of record considered in this review indicate
that Budgets 9, 10, 11, and 13 may contain significant long-term biases.

5. The regression analysis used to develop backup equations to estimate flows when the
Romeoville AVM is not functioning properly should be repeated to develop new backup
equations for periods when the turbine AVMs are the reported flows at Lockport.

6. Potential bias error in the annual mean discharge from the Romeoville AVM for the six years
reviewed in this report is £93 cfs.

7. The USGS is continuing to revise and update the instrumentation, rating, and backup equations
for the AVM on the Calumet River at O’Brien Lock and Dam. The record from this station,
through WY 1998, has not been published and is still considered ‘Provisional” and subject to
revision. The AVM velocities show significant noise and variation among paths. The
accuracy of the mean annual discharge at this site, cannot be determined by the current
records.

8. The USGS is continuing to revise and update the instrumentation, rating, and backup equations
for the AVM on the Chicago River at Columbus Drive. The record from this station, through
WY 1998, has not been published and is still considered ‘Provisional’ and subject to
revision. The AVM velocities show significant noise and variation among paths. The
accuracy of the annual mean discharge at this site, based on current records, is
approximately +190 cfs. The committee anticipates that the accuracy of the calculated
discharges at this site should be improved from this value as a result of the continuing efforts
to improve the instrumentation and discharge-calculation procedures

9. The USGS is currently installing an AVM on the North Shore Channel at Wilmette, Illinois.
This site may experience many of the difficulties encountered at Columbus Drive and
O’Brien Lock and Dam.

10. Consecutive discharge measurements for a fixed flow condition should be grouped and
averaged for rating analysis. Statistical tests for serial correlation should be a standard part
of the regression analysis.

11. Backup equations should be developed to estimate flow for periods of missing AVM record
based on the position of the sluice gate and the lake and channel stages. Measurements to
develop this equation should be done with an ADCP. The lake and channel stage and gate-
opening measurements should be verified as part of these measurements.
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12. For Lakefront Accounting, the long-term average runoff from the diverted Lake Michigan
watershed has been fixed at 800 cfs through the year 2020 as part of the mediation
agreement. This runoff number was established as part of the mediation and has its basis
from long-term simulation and streamflow separation of historical records. In order to re-
evaluate this value in 2020, the capability to accurately simulate the hydrology of the
watershed needs to be maintained.

13. For Lakefront Accounting the long-term consumptive use of water pumped from Lake
Michigan has been fixed at 168 cfs through the year 2010 as part of the mediation
agreement. Based on a review of the available data, the Committee concluded that
consumptive use cannot practically be determined directly. The Committee, therefore,
concluded that an indirect determination of consumptive use from a water budget analysis
based on water-supply pumpage and treatment plant flow records and simulation results is
consistent with best current engineering practice.

14. Water-supply pumpage accounts for about 80 percent of the measured components of Lake
Michigan Diversion under the proposed Lakefront Accounting System. The USACE has
initiated quality-assurance reviews of three of the water-supply facilities. These reviews
were done to provide a protocol and format for subsequent review of the remainder of the
water-treatment facilities and pumping stations. The reviews from the three prototype
studies do not adequately document the accuracy of the pumpage records from these plants.

15. The Fourth Technical Committee was concerned regarding the data viability during the initial
part of the three-water-year transition period. The USGS is using state-of-the-art technology
to measure the velocities and develop the ratings at these sites. The Fourth Technical
Committee believed the accuracy for the record currently available for these sites does not
reflect the potential of the current technology to measure flows at these sites.

Fifth Technical Committee

The Fifth Technical Committee was appointed by the USACE in December 2002 to conduct the
court mandated assessment of the accounting procedures and methodology used to quantify
diversion. The assessment performed by the committee focused on the following primary topics:
The accounting of annual diversions for WY's 1996, 1997, 1998, and 1999. Measurement
methods implemented at primary flow-monitoring locations. Procedures used to calculate and
verify flows that are not directly measured such as the Hydrologic and Hydraulic (H&H) models.
Comparison of the anticipated relative accuracy or uncertainty in the estimates of diversion
calculated using the Romeoville and Lakefront Accounting Systems, and evaluation of
approaches that might be used to quantify consumptive use. The following is a summary of the
Fifth Technical Committee Recommendations and Findings.

1. In general, the Fifth Technical Committee has determined, based on our review that the Lake
Michigan Diversion Accounting is in compliance with the 1980 Modified Decree, with
respect to the “best current engineering practices and scientific knowledge.”

2. This Fifth Technical Committee is in general agreement with the findings and
recommendations made by the Fourth Technical Committee. In most instances, actions have
been taken to comply with the recommendations, and progress has been made since the
Fourth Technical Committee recommendations were made.
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3. The technology that has evolved with respect to acoustical flow measurements has not only
met the standard of “best current engineering practice and scientific knowledge,” but the
USACE and the USGS are establishing a higher, “state of the art” standard. The USGS
leadership in this technical area is to be commended.

4. The annual diversion determinations for WY's 1996, 1997, 1998, and 1999 are satisfactory.

5. Precipitation records collected by MWRDGC between 1990 and 2002 from an independently
maintained monitoring network of 12 rain gages were reviewed and compared by the
MWRDGC (Lanyon and Yourell, 2003) with the records from nearby Illinois State Water
Survey (ISWS) gages. Preliminary findings indicate that although the values measured by
the MWRDGC were consistently less than the values measured by the ISWS, there was no
apparent change over time in the relation between the two sets of data. The MWRDGC
evaluation documents the availability of a backup network of precipitation gages and
historic data that may be useful in future diversion analyses.

6. For Lakefront Accounting, the long-term average consumptive use of water pumped from
Lake Michigan has been fixed at 168 cfs through the year 2010 as part of the mediation
agreement, which represents approximately 5 percent of the diversion. The Fifth Technical
Committee concluded that the determination of consumptive use from a water budget
analysis based on water-supply pumpage, treatment plant flow records and simulation results
is consistent with “best current engineering practice.”

7. Leakage at the CRCW has been substantially reduced because of repairs to the lock and
turning basin walls (completed Summer 2000), combined with recent lower Lake Michigan
water levels.

8. AVM and ADCP measurements at the O’Brien Lock and Dam AVM gage suggest that there is
considerable (100 cfs or more) leakage through the structure. Such leakage will likely
increase as lake levels rise. Continuous gaging of flows at this station together with synoptic
ADCP measurements during low flow and verification of gate opening indicators will help
to better quantify the apparent leakage at this lakefront location.

9. Implementation of new ADCP current profiler technology should improve the accuracy of
flow measurements in shallow channels such as the North Shore Channel at Wilmette and
channels above and below the control structure at O’Brien Lock and Dam.

10. The relocation of the Romeoville AVM gage because of the proposed electric fish barrier
resulted in the evaluation of three alternative sites by the USGS. The Fifth Technical
Committee reviewed the three alternative sites evaluated by the USGS. The Fifth Technical
Committee recommended the site on MWRDGC property 5.9 miles upstream from the
present Romeoville AVM site and is pleased that the site (Lemont) has been secured.

11. The Fifth Technical Committee encourages concurrent operation of existing and proposed
AVM systems on the CSSC near Romeoville and Lemont, respectively, for as long as
possible to establish rating and flow correlation.

12. A Quality Assurance Plan (QAP) should be developed for the new AVM system near
Romeoville as soon as the gage installation is completed. QAPs for the other AVM gages
including the existing Romeoville gage should be updated to reflect current conditions.
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13. It is recommended that the index-velocity rating at the Romeoville AVM gage be re-
evaluated. A substantial number of additional ADCP measurements have been made since
the existing rating was developed, and a new AVM system with a re-configured transducer
path was installed in October 2001 and made operational in April 2002.

14. The USGS should develop some national standards or guidance regarding the development of
index-velocity ratings, particularly in regards to when zero and non-zero intercepts are
appropriate and when to use grouped or ungrouped data. Site-specific characteristics such as
channel stability, range and variability of stage, and range and variability of AVM index
velocity should be considered. The Fifth Technical Committee recommends that the USGS
further evaluate the upper limits for random and systematic ADCP-measurement error and to
characterize the sensitivity of uncertainty in the annual flow to measurement error bias by
evaluating some other assumed (perhaps 2 percent) bias in the uncertainty analysis of WY
1997- 1999 AVM records.

15. For the AVM/ADCP stream-gaging stations, the record reported for the Romeoville station
during WY’s 1997 — 1999 is the most accurate (approximately 4 percent coefficient of
variation), followed by Columbus Drive (18 percent), O’Brien Lock and Dam (24 percent)
and Wilmette Pump Station (47 percent). Although the USGS uncertainty analysis
documents large relative uncertainty in the Lakefront AVM system flow records compared
to other records such as the flow at the Romeoville AVM gage (2 percent) and USACE-
determined domestic pumpage (3 percent), the Fifth Technical Committee’s analysis
indicates that the combined uncertainty in the direct diversion flow record is only double the
uncertainties associated with measurements of consumptive use and domestic pumpage.

16. The comparison of the Lakefront Accounting concept using the model error and the
Romeoville Accounting shows that the Romeoville Accounting System has slightly less
uncertainty (about 10 percent smaller total Coefficient of Variation, COV) than the
Lakefront Accounting System because of the low uncertainty of the Romeoville AVM.

17. An independent backup flow-measurement method must be maintained for each AVM gage.
This is of critical importance to stations such as the Romeoville AVM gage where the
uncertainty in gage record comprises a relatively large portion of the overall uncertainty in
the reported diversion.

18. Several actions are recommended as quality assurance practices in support of the LMO-6
reporting for the various controlling works and the analysis of independent flow methods
suggested previously. Check measurements of gate-opening indicators at the controlling
work