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Chapter 1
Introduction

Chapter 1 – Introduction
The Chicago District (LRC) is within the jurisdiction of the Great Lakes and Ohio River Division,
U.S. Corps of Engineers, and, prior to the recent regional boundary alignment, covered
approximately 5,000 square miles. On Sunday, 29 March 2020 LRC’s area of responsibility
increased to approximately 31,500 square miles. This area included the Lake Winnebago and
Upper Wabash projects. LRC assumed operational responsibility for these projects on 01
October 2020.
Each year the Districts within LRD generate an annual report that provides pertinent information
about the operation and activities of their reservoirs and similar projects within their boundaries
for the reporting period, October 1 of the previous year through September 30 of the current
year. This period is consistent with the USGS water year (WY) period.
The Chicago District is also responsible for the Lake Michigan Diversion Accounting program.
Under the provisions of the U.S. Supreme Court Decree in the Wisconsin, et al v. Illinois et al,
388 U.S. 426, 87 S Ct. 1774 (1967) as modified 449 U.S. 48, 101 S. CT. 557 (1980), the Corps
of Engineers monitors the measurement and computation of Lake Michigan diversion by the
State of Illinois. The terms of the modified decree require the Corps of Engineers to prepare an
annual report on the accounting of the Lake Michigan water diverted by the State of Illinois and
actions taken by the involved agencies. Accordingly, the Chicago District’s annual report will
include the implementation and activities of this program.
Presented in this report is general information about the reservoirs, significant weather events,
runoff into the reservoirs during the reporting period, accomplishments of the projects, major
regulatory issues, and data collection program and procedures. Additional sections include the
history of the diversion and its accounting, a description of the sources of the diversion, a
description of the accounting procedures, and a summary of all significant activities in support of
the program which occurred during WY 2020.
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Chapter 2 – Water Management Projects and Programs
a. Lake Winnebago
Lake Winnebago, located between the Upper and Lower Fox Rivers, is the largest inland
lake in the state of Wisconsin and one of the largest freshwater inland lakes in the
United States. A federal dam at Menasha and a private dam at Neenah control the
outflows from Lake Winnebago. At the elevation of the crest of the Menasha Dam, Lake
Winnebago has a surface area of about 206 square miles, a length of about 28 miles, a
width of about 10 miles, and a maximum depth of about 21 feet. Lake Winnebago and its
tributary watershed are illustrated in Figure 1.

b. Chicago Area Waterway System
The Chicago Area Waterway System (CAWS) is a complex of natural and artificial
waterways extending through much of the Chicago metropolitan area, covering
approximately 87 miles in total. It is the sole navigable link between the Great Lakes and
the Mississippi River and makes up the northern end of the Illinois Waterway. The
CAWS includes various branches of the Chicago and Calumet Rivers, as well as other
channels such as the North Shore Channel, Cal-Sag Channel, and Chicago Sanitary
and Ship Canal. The CAWS ends near the Lockport Navigational Pool and includes
three major locks: the Chicago Harbor Lock, the Lockport Lock and Dam, and the
Thomas J. O’Brien Lock and Dam. The CAWS is illustrated in Figure 2.

c. Upper Wabash Reservoirs
The Upper Wabash Reservoirs – Mississinewa, Salamonie, and Roush – are located in
Wabash County, Indiana and were built in the 1960s for flood control of the Wabash
River. The projects are earth fill dams with roadways across the crests. The
Mississinewa, Salamonie, and Roush Dams are constructed across the Mississinewa,
Salamonie and Wabash Rivers, respectively. While Salamonie and Mississinewa utilize
uncontrolled open cuts as spillways, Roush uses three tainter gates, 35’ x 45’, in a
concrete ogee section. The locations of the three projects and the associated river
system are illustrated in Figure 3.

d. Lake Michigan Diversion Accounting
Water was first diverted from Lake Michigan at Chicago into the Mississippi River Basin
with the completion of the Illinois and Michigan (I&M) Canal in 1848. The I&M Canal was
primarily for transportation and diverted up to 500 cubic feet per second (cfs).
Development of the Chicago sewer system led to severe sanitation problems in the
Chicago River by the mid to late 1800’s. The newly constructed sewers moved water
and wastes into the Chicago River, which until 1900 drained to Lake Michigan. The
water quality of Lake Michigan deteriorated and contaminated the city’s primary water
supply.
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Figure 1 – Lake Winnebago and Tributary Watershed
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Figure 2 – Chicago Area Waterway Systems
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Figure 3 – Upper Wabash Reservoirs and River System
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As a solution to the sanitation and flooding problems, the Chicago Sanitary and Ship
Canal (CSSC) was built. The construction reversed the flow direction of the Chicago
River, as shown in Figure 4. The CSSC was completed in 1900 by the Metropolitan
Water Reclamation District of Greater Chicago (MWRDGC, formerly the Metropolitan
Sanitary District of Greater Chicago, MSDGC). The Sanitary and Ship Canal followed
the course of the older I&M Canal. This canal is much longer than the I&M Canal and
can handle the Chicago River flow in addition to increased shipping. The Chicago River
Controlling Works were constructed at the mouth of the Chicago River in the 1930s. The
lock and sluice gates regulate the amount of Lake Michigan water allowed to pass into
the river and restricts river flooding from entering Lake Michigan. The Lockport Lock and
Dam controls the water level in the CSSC.
Between 1907 and 1910, the MWRDGC constructed a second canal called the North
Shore Channel. It extended from Lake Michigan at Wilmette in a southerly direction 6.14
miles to the north branch of the Chicago River. The Wilmette Pumping Station, also
known as the Wilmette Controlling Works, regulates the amount of Lake Michigan flow
allowed down the channel through the use of one vertical lift gate, one 250 cfs pump
(refurbished in 2002), and one 150 cfs pump (installed in 2010 during the rehabilitation
of the structure). The MWRDGC uses the pumps to take discretionary flow from Lake
Michigan through the lakefront structures due to the concern over Asian carp.
Construction of a third canal, the Calumet Sag Channel, was completed in 1922. The
canal connects Lake Michigan through the Grand Calumet River to the CSSC. The
Calumet Sag Channel was constructed to carry sewage from South Chicago, Illinois and
East Chicago, Indiana. The Blue Island Lock and Dam controlled flow through the canal.
The O’Brien Lock and Dam, which replaced the Blue Island Lock and Dam, was
completed in 1967 and is located on the Calumet River. The O’Brien Lock and Dam
regulates the flow of Lake Michigan waters down the Calumet Sag Channel.
Figure 5 shows the affected watershed and the location of the lakefront structures
relative to the boundary of the diverted portion of the Lake Michigan watershed.
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Figure 4 – Development of the Chicago Sanitary and Ship Canal System
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Figure 5 – Location Plan - Lake Michigan Diversion at Chicago
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Chapter 3 – Tributary and Runoff Conditions
This chapter provides a brief summary of the weather-related events that occurred in the District
during the reporting period. It is useful to understand previous weather events, since they affect
the Water Control activities of the District.

a. Wisconsin
LRC did not assume operational responsibility of this area until 01 October 2020;
reporting for WY 2020 is included in the Detroit District annual report.

b. Illinois
During WY 2020, an average total of 41.31 inches of precipitation fell at the 22 USGS
Cook County Precipitation Network (CCPN) raingages that make up the Lake Michigan
Diversion Accounting raingage network. The WY 2020 average total precipitation of
41.31 inches was about 111 percent of the 30-year (1990-2019) average of 37.21 inches
for the 22 raingage network. Table 1 tabulates the recorded monthly rainfall data during
WY 2020, and the deviation from the 30-year annual and monthly average precipitation.
Table 1 – WY 2020 Monthly and Annual Precipitation (inches)
USGS CCPN Average Across the 22 Raingage Network

On May 17, 2020 approximately 3.5 inches fell across the Chicagoland area, breaking
the record for the wettest calendar day ever in May in Chicago. Flash flooding, some
significant, was observed across numerous locations in the Chicago Metropolitan Area,
especially downtown near the Chicago River. The Chicago River rose high enough that
MWRDGC, despite high lake levels, was able to reverse the flow of the Chicago River in
coordination with LRC. The reversal resulted in 1,732 MG and 289.8 MG passing
through the CRCW and Wilmette Pumping Station, respectively.
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c. Indiana
LRC did not assume operational responsibility of this area until 01 October 2020;
reporting for WY 2020 is included in the Louisville District annual report.
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Chapter 4 – Annual Flood Damage Reduction
a. Summary of Annual Flood Damages Prevented
The flood damage reduction within the Chicago District attributed to U.S. Army Corps of
Engineers projects totaled $631.9 million in FY 2020. This amount is 284 percent of the
10-year average (FY10-FY19) of $145.2 million. This significant increase relative to
previous years is largely due to the addition of Thornton Reservoir and McCook
Reservoir (Stage I). Annual amounts have varied over the past ten years from $50.0
million in FY12 to $453.1 million in FY19. Flood risk management projects providing
protection include six flood water storage reservoir projects, four levee projects, and one
channel diversion project.
The total flood damage reduction within the Chicago District included $511.9 million in
Illinois and $120.0 million in Indiana.

b. Breakdown of Annual Flood Damages Prevented
Table 2 – Breakdown of Annual Flood Damages Prevented
State

Damages
Prevented
($1000)

Chicago Underflow Plan (CUP) – O’Hare Reservoir

IL

$17,187

North Branch Chicago River, IL, Phase II – West Fork Reservoir

IL

$68,005

North Branch Chicago River, IL, Phase II – Middle Fork Reservoir

IL

$16,253

North Libertyville Estates, IL – Levee

IL

$1,885

Little Calumet River, IN – Levees

IN

$116,030

Deer Creek, IN – Channelization and Reservoir

IL

$1,480

Cady Marsh Ditch, IN

IN

$2,448

Upper Des Plaines River Phase I – Levee 50

IL

$6,547

Upper Des Plaines River Phase I – Levee 37

IL

$2,764

Chicago Underflow Plan (CUP) – Thornton Reservoir

IL

$22,517

Chicago Underflow Plan (CUP) – McCook Reservoir (Stage I)

IL

$376,726

Flood Control Project
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Chapter 5 – Reservoir Regulation
a. Drawdown and Refill
LRC did not assume operational responsibility for the Lake Winnebago or Upper
Wabash projects until 01 October 2020.

b. Deviations
Although LRC did not assume operational responsibility for the Lake Winnebago or
Upper Wabash projects until 01 October 2020, it assumed signatory responsibility for
deviation requests on 29 March 2020. Chicago District did not deviate from the Water
Control Plans in WY 2020.
Planned

Unplanned

Emergency

0

0

0

i.

Lake Winnebago
LRC did not deviate from the water control plan for Lake Winnebago in WY 2020.

ii. Chicago Area Waterway
A deviation request to operate the Chicago Area Waterway from the CalumetSaganashkee Channel upstream to the Chicago Lock and O’Brien Lock and Dam up
to one additional foot lower in advance of large storm events. Record lake levels on
Lake Michigan with forecasted increases over the next six months increase the risk
to downtown Chicago and the Calumet Region because the elevated water levels at
Chicago Lock and O’Brien Lock and Dam reduce their reversal capacity during large
storm events. Final approval from LRD was given on 1 July 2020; the deviation
request is valid for 6 months from issuance.

iii. Upper Wabash
LRC did not deviate from the water control plan for the Upper Wabash projects in
WY 2020.
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Chapter 6 – Major Regulatory Issues
a. Water Quality
There were no water quality issues identified in WY 2020.

b. Downstream Channel Capacity
Inadequate or reduced channel capacity is a problem below many tributary reservoirs.
This is caused by several factors, including natural plant growth during extended low
flow periods, flood deposits, human congestion, and agriculture practices. In some
cases, downstream channel capacity is significantly less than is needed for flood control
released.
There were no downstream channel capacity issues at any of the Chicago District
projects in WY 2020.

c. Potential Hazardous Conditions
A potential problem exists if water is released through project spillways where the land
downstream of the project has been developed into urban areas. A hazard-to-life
condition exists if a significant flow of water is discharged through the spillways at these
projects.
There were no hazard-to-life conditions at any of the Chicago District projects in WY
2020.

d. Dam Safety Issues
There are currently no Dam Safety Issues at any Chicago District project which requires
operational interim risk reduction measures. All projects are being operated using criteria
established in the authorized Water Control Manuals or as approved by LRD.

e. Effects Due to Lake Michigan
Water diverted to and from Lake Michigan through the lakefront structures along the
CAWS are used to assist in the regulation of the stage along the waterway. Extremes in
lake level, both high and low, can have adverse impacts upon standard operations of the
waterway.
Record high lake levels have resulted in increased direct diversions through the lakefront
structures. The high lake levels also inhibit the ability of the Chicago Harbor Lock and
Chicago River Controlling Works to backflow water from the Chicago River during larger
storm events until the stage in the waterway reaches a point at which it is greater than
the lake level. As was seen in the May 2020 storm event, this can result in significant
damage to river adjacent areas.
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Chapter 7 – Water Control Manuals
A responsibility of the Water Management team is to update the water control plans and/or
water control manuals for each project on a periodic basis. Water control plans are evaluated
annually or after significant flood events. Changes in the watershed, environmental challenges,
changes to water control plans, sediment surveys, or changes to the water resource
infrastructure are all reasons for updating a water control manual.
The last full update to the Chicago Harbor Lock water control manual, LRC’s only water control
manual, occurred in 2014. Efforts continued to update the Chicago Harbor Lock water control
manual during WY 2020, but there were delays in completion due to other priorities. Completion
of the update is expected in WY 2021.
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Chapter 8 – Data Collection Program
The Chicago District data collection program is responsible for collecting the information
necessary to successfully implement its water management and diversion accounting missions.
This chapter describes the manner in which the data is collected and who collects the data.

a. Cooperative Streamgaging Program
Chicago District’s cooperative streamgaging program is implemented through the USGS.
The USGS’ activities are funded through the Cooperative Streamgaging Program
executed by the Chicago District’s water management program manager. The
Cooperative Streamgaging Program provides financial support to two USGS Water
Science Centers within the Chicago District footprint for operation and maintenance of
multiple streamgaging stations. The USGS Water Science Centers are Central Midwest
and Ohio-Kentucky-Indiana. Table 4 shows the costs of these programs and illustrates
the funding trend over time since 2013.
Table 3 – Cost of USGS Cooperative Streamgaging Program
Fiscal Year

District

Total

% Change

2013
2014
2015
2016
2017
2018
2019
2020

Chicago
Chicago
Chicago
Chicago
Chicago
Chicago
Chicago
Chicago

$238,825
$246,800
$253,600
$253,600
$253,750
$259,050
$100,400
$57,600

3.3%
2.8%
0.0%
>0.1%
2.1%
-61.2%
-42.6%

b. Cook County Precipitation Network
Chicago District’s Cook County precipitation network is currently implemented through
the USGS. Until 01 October 2019, the network was implemented and maintained by the
Illinois State Water Survey (ISWS), as it had been since 1989. This high-density network
supports the hydrologic modelling of the Lake Michigan Diversion Accounting program.
Its data is publicly available for others to access and utilize.
Throughout WY 2020, USGS has been installing gages proximal to their ISWS
counterparts. Locations were identified which would have minimal obstructions to
measurements, allow relative permanence of location (e.g. by siting the gage on the
property of a municipality, park district, state agency, etc.), be relatively out of the way
while remaining accessible for future maintenance, and maintain consistency with the
original network configuration. As of October 2020, all but three of the gaging stations
were successfully installed by USGS. Locations for the remaining three stations have
been identified and are awaiting the approval of permits from the Chicago Park District.
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Chapter 9 – Lake Michigan Diversion Accounting Program
a. LMDA Data Collection & Computations
The diversion computations and associated report for WY 2016 and WY 2017 are
currently undergoing final review prior to publication. Initial data collection for WY 2018
and 2019 is complete, allowing for initial hydrologic modelling to begin. Data collection
for WY 2020 has begun.

b. Supporting Studies
To support the LMDA program, Chicago District uses several models to estimate the
diversion of water from Lake Michigan. While still sufficient for the accounting
procedures, over time these models have become outdated. Coordination has been
completed to have USGS re-code the sewer-flow routing program (Special Contributing
Area Loading Program – SCALP) to a more modern language and platform. A primary
focus of the project will be a thorough comparison between the new and old versions of
the code. This effort is expected to be completed in FY22.
Modelling of TARP and the combined sewer overflows which can occur during large
storm events is facilitated by TNET model, which in turn is a modified implementation of
the UNET (Unsteady NETwork model) program. The unsteady flow equation solver
found in HEC-RAS was adapted from this UNET package. This program is no longer
supported and not able to be run on standard Corps equipment. Its continued use
necessitates the retention of legacy hardware operated off-network. Results from this
model are frequently used as inputs to studies of the CAWS, so it is critical that a
suitable replacement be developed prior to the failure of the legacy hardware. With the
support of Chicago District, HEC is enhancing HEC-RAS to allow for the modeling of
pressurized pipe flow networks and its interactions with surface water. Once complete,
the improved software will be used to redevelop the TARP model. The integration of
pressurized pipe flow capabilities into HEC-RAS is expected to be completed in FY21.
The CCPN is a dense precipitation gage network operated in Cook County since the fall
of 1989. In October 2019 the USGS took over the operation and maintenance of the
network from the Illinois State Water Survey. The USGS began installing the
replacement gages in the summer of 2019, providing a period of overlap between the
networks. USGS began an analysis comparing precipitation data from side-by-side
installations of the old and new gages at 15 locations for the available period of record.
This study is expected to be published in FY21.
The USGS completed its analysis of the uncertainty within the HSPF modeling approach
used by the LMDA program, specifically within the runoff volumes due to imprecision in
precipitation input data. This analysis reveals the range of simulated runoff volumes that
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would be anticipated if more realistic precipitation patterns were used as input to the
LMDA HSPF models, as compared to runoff volumes generated with the conventional
practice of the Thiessen method. This study is expected to be published in FY21.
The investigation into the uncertainty in the diversion process was first proposed by the
7th Technical Review Committee and reaffirmed by the 8th Technical Review Committee.
USGS will continue to investigate potential sources of uncertainty within the LMDA
program. Building upon research previously completed, USGS has begun an analysis
which will estimate precipitation uncertainty. Future work will combine its effects with that
of discharge and other sources of uncertainty to estimate the overall uncertainty in the
estimated annual discharge from the diverted watershed of the LMDA system. This
study is expected to be published in FY22.

c. Status of the Accounting Reports
Lake Michigan diversion flow data are summarized in accounting reports prepared on an
annual basis as flows are certified. Since implementation of the modified Supreme Court
Decree of 1 December 1980 and before this report, the Corps of Engineers has certified
diversion flows for WY 1981 through WY 2015. The diversion computations and
associated reports for WY 2016 and WY 2017 are currently undergoing final review prior
to publication. The computations for WY 2018 and WY 2019 are currently underway, and
data collection for WY 2020 has begun.
The running average diversion for the period WY 1981 through WY 2015 is 3,066 cfs,
134 cfs less than the 3,200 cfs 40-year average diversion specified by the modified
decree. Also, the annual average diversion has exceeded the 3,680 cfs annual limit
three times, once more than the maximum number of times allowed in the decree.
Additionally, the absolute annual maximum of 3,840 cfs has been exceeded during the
WY93 accounting period. The cumulative deviation, the sum of the differences between
the annual average flows and 3,200 cfs, is 4,699 cfs-years at the end of WY 2015. The
positive cumulative deviation indicates a cumulative flow surplus. The decree specifies a
maximum allowable deficit of -2,000 cfs-years over the first 39 years of the 40-year
averaging period.

9-4

Chapter 10
Other Activities for FY 2020

Chapter 10 – Other Activities for FY 2020
a. Water Management Program Implementation
Upon notification of that a result of the district boundary realignment would be the
transfer of Lake Winnebago/Fox River and the Upper Wabash projects, the EC-EH
personnel who would be tasked with executing the water management mission began
coordination with the water management teams at LRE and LRL. This included site visits
to the projects to view the facilities and meet project staff, TDY travel to the contributing
district offices to meeting with water management personnel and be briefed on the
projects and their operations, and routine communication over the remainder of the FY
on daily operations of the projects.
The successful execution of any water management program includes the aggregation
of data from a multiple sources for later ingestion into the relevant CWMS models for the
projects. While other districts have yet to migrate from their district-hosted servers, LRC
will be amongst the first within LRD to stand up a water management server utilizing the
Enduring Server Plan. This relies on remotely located T7 servers with back-ups located
at one of several Districts. In the case of LRC, the primary server is located at LRD with
the back-up located in Huntington District. Through intensive collaboration between
LRC, LRD, HEC, and CIO/G-6 personnel, the LRC CWMS server was successfully
brought online in July 2019. User accounts were added to allow LRC data managers to
access the server.
To assist the routine dissemination of data associated a Water Management webpage
was created on the LRC district website. EC-EH personnel had been advised that the
Lake Winnebago stakeholders routinely accessed the data on the LRE website. To
facilitate the transition of water management data dissemination from LRE to LRC, LRC
PAO replicated the format of the LRE Lake Winnebago site, allowing for routine reports
to be found in a similar location. The Upper Wabash water management page utilized
the same format for consistency.
Prior to the end of WY 2020, LRC-EC-EH personnel began coordination with the LRE
water management team and Lake Winnebago stakeholder groups in order to execute
the annual regulation strategy meeting.

b. CWMS Implementation
There are five main data sources which are ingested into the CWMS database. The first
is USGS data which is extracted from the respective USGS websites using a script
written by HEC. The third is decoded data from the transmissions generated by the Data
Collection Platforms (DCPs) through a program called DECODES. The fourth is data
received through the Local Data Manager (LDM) software which contains data from
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NWS and other District offices. The last is the gridded data pushed to the CWMS server
from the processing center as setup by HEC. The fifth is the Daily Lake Bulletin (DLB)
which is entered from field offices into a spreadsheet that populated Microsoft Access
databases. From the Access databases, text files are extracted and transferred via SSH
File Transfer Protocol (SFTP) to the CWMS server for processing. Prior to any of the
CWMS models for Lake Winnebago or the Upper Wabash being run on a daily basis
locally, it was necessary to build the data management system within the corresponding
software. This, again, was done through intensive coordination between LRC, LRD, and
HEC personnel.
By the end of summer, copies of the CWMS models for Lake Winnebago and the Upper
Wabash projects were being run locally at LRC. Daily operations were completed in
parallel with the water management teams at the contributing districts, further facilitating
knowledge transfer prior to the complete turnover of water management operations to
LRC at the start of WY 2021.

c. HEC CWMS Training Course
To aid in the transfer of water management responsibilities from the contributing districts
to LRC, an abbreviated and remote version of the HEC Prospect course ‘CWMS
Modeling for Real-Time Water Management’ was provided by HEC personnel. HEC
established virtual machines which attendees were able to access online to complete
workshops with the support of instructors, as needed. Lectures were conducted virtually
using the Microsoft Teams platform. In addition to LRC personnel who would be
responsible for daily operation of Lake Winnebago and the Upper Wabash projects, the
course was attended by other Corps personnel within the region.

d. Salamonie Dam Retreat Channel Repairs
Salamonie Dam experienced erosion along its toe and left bank as a result of the 2013
high water event. Requests for funding to perform repair work have been made in the
past and finally became available in FY20. The project was transferred from LRL to LRC
as part of the realignment.
Work includes armoring the left bank and toe, building a permanent access road with
gate, drilling and blasting to construct a ramp to connect to the existing access road,
repairing the horizontal drainage blanket, cleaning and improving the drainage ditch,
repairing a concrete swale, repairing the scour hole beneath the flip bucket, stabilizing
the cliff on the right bank, clearing the channel, stabilizing the left bank, replacing the
wooden stairs, installing vibrating wire pressure transducers, and paving.
The contract, which includes base work and options, was awarded in September 2020.
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e. NWS Forecasting on the Chicago River
In August 2020, the Chicago NWS Forecast Office reached out to LRC during
preliminary coordination with regional stakeholders to discuss initiating forecasting
services for the Chicago River. At the request of the NWS, LRC provided the Chicago
NWS Forecast Office with a copy of the Corps’ HEC-RAS model of the CAWS.
Discussions regarding forecasting implementation are scheduled to continue in FY 2021.
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