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EXECUTIVE SUMMARY 

 

The Seventh Technical Committee was appointed by the U.S. Army Corps of Engineers (USACE) in 

April, 2013 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 Seventh Technical Committee include the following: recent accounting 

results for Water Years (WYs) 2006, 2007, 2008, and 2009; current diversion-related measurement 

techniques at the Lemont stream-gaging stations, precipitation gages, and other pertinent structures; 

procedures used to calculate and verify flows that are not directly measured; and status of 

recommendations from the Sixth 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.  Over time, the actual flow measurement point has been shifted from Lockport to Romeoville to 

Lemont.  

 

The Seventh Technical Committee has determined, that the Lake Michigan Diversion Accounting (WYs 

2006, 2007, 2008, 2009) are in compliance with the 1980 Modified Decree, with respect to the “best 

current engineering practice and scientific knowledge”.  The Seventh Technical Committee is in general 

agreement with the findings and recommendations made by the Sixth Technical Committee.  Actions 

have been taken in most cases to comply with the recommendations, and progress has been made since 

the Sixth Technical Committee recommendations were made.  From the standpoint of “best current 

engineering practice and scientific knowledge”, the progress of Lake Michigan Diversion Accounting 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 further evolved and has not only 

met, but set a new standard for “best current engineering practice and scientific knowledge”.    

 

ACTIVITIES FOR FY 2006 

 

The activities in FY 2006 included data collection for WY 2006 and data analysis for WY 2004 

and WY 2005. The AVM on the CSSC at Romeoville was removed in May 2006 when the 

construction of an electric fish barrier interfered with the acoustic meters at Romeoville. Before 

the Romeoville gage was completely decommissioned, some limited concurrent data at 

Romeoville and Lemont had been collected. In 2006, The Corps published the Lakefront 

accounting report for WY 1997 through WY 2003 (USACE, 2006a), the Romeoville accounting 

report for WY 2002 (USACE, 2006b), and the Romeoville accounting report for WY 2003 

(USACE, 2006c). 

 

ACTIVITIES FOR FY 2007 

 

The activities in FY 2007 included data collection for WY 2007 and modeling of diversion 

accounting for WY 2004 and WY 2005.  In 2007, two real time stage gages at the Chicago Lock 

were installed in 2007 to monitor water levels and water temperature in the Chicago River and 

Lake Michigan. A multi-sensor weather station was also installed at the Chicago Lock.  
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ACTIVITIES FOR FY 2008   

 

The activities in FY 2008 included rain gage and flow data collection for WY 2008, data analysis 

for WY 2006, and WY 2007, and completion of Romeoville accounting computations for WY 

2004 and WY 2005. The AVM at Lemont was out of service from January 7, 2008 to May 20, 

2008 due to severed cross-channel cables.  On September 15, 2008, the USGS measured a flood 

discharge (15,780 cfs) on the CSSC at Lemont. In 2008, the Corps published the Romeoville 

accounting report for WY 2004 (USACE, 2008a) and the Romeoville accounting report for WY 

2005 (USACE, 2008b). 

 

ACTIVITIES FOR FY 2009   

 

The activities in FY 2009 included data collection for WY 2009, and modeling of diversion 

accounting for WY 2006 and WY 2007. The AVM at Lemont was out of service from September 

7, 2009 to December 15, 2009 due to an equipment failure.  

 

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 2009, 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 +1,037 for WY 2009.  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 Lake Michigan Diversion Accounting Report for WY2010 and 

WY2011 (not reviewed by the Seventh Committee) just released indicates a +1,772 cumulative deviation 

through WY 2011. 

 

Hydrologic and Hydraulic Modeling  

 

The Seventh Technical Committee reviewed the hydrologic and hydraulic (H&H) models currently used 

in the Lake Michigan Diversion Accounting (LMDA) processes with regard to: 

 The appropriateness of the individual models,  

 The modeling strategy implemented to develop estimates of diverted flow quantities, 

 The derivation of model input parameters and model performance metrics, 

 Developments that have occurred since the review by the Sixth Technical Committee, and 

 Potential replacements for any of the models. 

 

The Committee reviewed the models used in the LMDA processes, primarily HSPF, SCALP and TNET, 

and concludes that the models and modeling strategy are adequate for the purpose of diversion accounting 

and meeting the standard of “best current engineering practice and scientific knowledge.”   The numerical 

processes employed by the H&H models are still current and appropriate.  There are numerous newer 

models currently available that have similar capabilities as the LMDA models currently in use. These 

newer models were developed for more modern computer technology, while the older models are written 

in FORTRAN, which is increasingly difficult to support.   Potential model replacements could be selected 

that are similar, but the development of model input and the calibration would require significant effort in 
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order to match or exceed the performance of the existing model system. The Corps should consider 

developing a plan for the eventual replacement of the models currently used in the LMDA process. 

 

The Committee reviewed the overall modeling strategy implemented in the LMDA processes.  It is 

recognized that the strategy and modeling components have a well-defined objective within this 

hydrologic accounting system that includes simulated and measured flow quantities.  The Committee has 

concluded that the model implementation and strategy also meets the standard as “best current 

engineering practice and scientific knowledge.”    

 

The development of model input parameters, the calibration of the models, and the performance of the 

models has shown continuous improvement.  A significant portion of the model input parameters have 

been developed by model parameter transfer, that is with calibrated models of nearby hydrologically 

similar watersheds.  The Committee agrees that this approach is the most appropriate for the development 

of the LMDA models.   The report of the Sixth Committee (Espey, et al., 2008) includes a statement 

regarding previous model studies that attempted to relate model parameters to soil properties.  The 

conclusion was that relations between measurable soil properties and HSPF parameters are difficult to 

develop and apply.  The Committee understands the reasoning for this statement, but wonders if this 

statement is as applicable today as it was previously.  Digital soil mapping and GIS tools enable modelers 

to develop summary statistics of a variety of soil properties much easier and quicker than previously.  It is 

possible that this type of assessment could be used to assist with the evaluation of the hydrologic 

similarity of the gaged and ungaged watersheds, if not used for the derivation of model input parameters. 

 

The development and usage of hydrologic model parameters developed by the USGS for use on 

forestland and grassland is a notable improvement.  The development of the parameters included an 

updated assessment of the breakdown of impervious/pervious surfaces.  The approach that was 

implemented by the USGS was to use the NLCD 2006 land use data, which is based on a rasterization of 

land use types, and a generalized conversion of the land use to a percent impervious.  This approach is 

consistent with the “best current engineering practices and scientific knowledge”, and is well-suited for 

objective model parameter development.  This method lends itself well to updating the imperviousness 

parameters as updated landuse data becomes available. 

 

As noted in the LMDA reports for 2010 and 2011, the USEPA has been dredging the West Branch of the 

Grand Calumet River.  The project is expected to continue through WY 2014.  After completion of the 

project, the USACE has indicated that the models of the river and their usage in the LMDA process will 

be revised as appropriate.  The Committee concurs with this approach. 

 

The Illinois Transient Model, developed by the University of Illinois Urbana-Champaign, has undergone 

continued development since the review by the Sixth Technical Committee.  The model development 

team has implemented the model for the Calumet TARP system, in addition to several other segments of 

the TARP system.  The Seventh Committee concurs with the findings of the Sixth Committee, that the 

model has impressive capabilities but may still be difficult to utilize within the current LMDA modeling 

system. 

 

Flow Measurement 

 

The Seventh Technical Committee (Committee) critically examined the flow measurement components, 

techniques, and instrumentation used in the Lake Michigan diversion accounting. Since the 2009 review 

by the Sixth Technical Committee, no major changes were made in the flow measurement, except for the 

application of acoustic flow measurements at Summit Conduit, which is still in flux.  
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The main flow measurement station at Lemont uses an Acoustic Velocity Meter (AVM), with 3 pairs of 

transmitters and receivers, on opposite sides of the channel. This site uses an index velocity rating, where 

the average meter velocity is correlated to the velocity measured with an Acoustic Doppler Current 

Profiler (ADCP). ADCP measurements are made periodically. A side-looking Acoustic Doppler Velocity 

Meter (ADVM) is used as the backup meter when the AVM is not functional. The ADCP and ADVM use 

reflection of the transmitted signal off particles in the water such that the transmitter and receiver can be 

at the same location. Damage to the AVM cable has caused outages in the past, and thus USGS is 

considering making the ADVM the primary measurement device, or changing to a device that does not 

require a cable. USGS is also experimenting with using an up-looking ADCP to understand the vertical 

velocity distribution. 

 

The Committee is very pleased with the progress that has been made in the instrumentation and 

procedures used by USGS for flow measurement. There are a number of areas where USGS can continue 

to improve the gauge rating at Lemont. These include: continued improvement to the index-velocity 

rating procedure(s), determine uncertainty for ADCP and AVM measurements, and recommend 

frequency of index-velocity calibration. Back-up power has recently (November 2013) been installed for 

this site to avoid loss of data, since both the AVM and ADVM rely on the same power supply. 

 

The measurement site at Summit Conduit is in flux because MWRDGC are relining the conduit. After 

examining the site, the Committee recommends that USGS consider relocating the measurement site to 

the downstream end of the conduit. This should produce more uniform velocities during high flow events. 

 

The Committee does not have a high level of confidence in flow estimates for the Lockport Controlling 

Works nor the Lockport Powerhouse as reported by MWRDGC. Since these continue to be used as 

backup measurements, when Lemont’s primary and secondary gages are not functional (rare), the Corps 

and USGS should redevelop discharge relationships at these sites with cooperation from MWRDGC. 
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1.0 INTRODUCTION   
 

1.1 HISTORY OF LAKE MICHIGAN DIVERSION 

 

When Maj. Stephen H. Long described the Chicago River on March 4, 1817, he said of it (Hill, 

2000):   

 

“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 - 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, Illinois. (April 1899) (Figure 1-2).  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 1.3 allowing river water to 

enter the canal.  Prior to approximately 1982 the 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 Cal-Sag Channel was 

completed.  The Chicago River Controlling Works 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 Cal-Sag Channel.  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. 
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Figure 1-1: Chicago River - 1830.



Lake Michigan Diversion 

Flow Measurements and Accounting Procedures 

 3 April 2014 
P:\Active\13033.00_USACE_7th_Tech_Com\LK Michigan Seventh TC 04072014.doc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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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Figure 1-3:  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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As a solution to the sanitation and flooding problems, the CSSC was built (Figures 1-2, 1-3 and 

1-4).  The construction of the CSCC reversed the flow direction of the Chicago River.  The CSSC 

was completed in 1900 by the Metropolitan Water Reclamation District of Greater Chicago 

(MWRDGC) (Figure 1-5).   

 

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 Illinois 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. 
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Figure 1-4:  Development of Chicago Sanitary and Ship Canal System – Before Canal System 

Construction 

Photographs 1-4 and 1-5 provided by Open Water Chicago website, dated November 20, 2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-5:  Development of the Chicago Sanitary and Ship Canal System – Chicago Sanitary and Ship 

Canal System Completed 
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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 2.) recommendations for any appropriate changes to those procedures. 

 

1.2 COMPONENTS OF LAKE MICHIGAN DIVERSION  

 

The average annual value for each of the primary components of the Lake Michigan Diversion 

for accounting years 2006 through 2009 are presented in Table 1-1 and Figure 1.6.  The primary 

components of Lake Michigan Diversion accounting (Figure 1.7) are: 

 water supply taken from Lake Michigan intake cribs and discharged into the river canal 

system or rivers in the greater Chicago area as water reclamation plant effluent and 

occasional combined-sewer overflows; 

 storm runoff from the diverted watershed area of Lake Michigan, draining to the river 

and canal system in the greater Chicago area; and 

 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: 

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

Lock; 

 leakage occurring at the Chicago River Controlling Works, Lock, and turning 

basin walls (Chicago Harbor), O’Brien Lock and Dam, and Wilmette Pump 

Station and Sluice Gate; and 

 direct diversions for navigational make-up and discretionary (water quality 

improvement) purposes made at the Chicago River Controlling Works and 

O’Brien Lock and Dam, and discretionary purposes at the Wilmette Pump Station 

and sluice gate. 
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Table 1-1:  Total Average Annual Flow of Different Components of the Lake Michigan Diversion, 2006 

– 2009. 

Description

Average 

Flow 

(cfs)

Percentage 

of Total 

Flow

Average 

Flow 

(cfs)

Percentage 

of Total 

Flow

Lake Michigan Pumpage by the State of Illinois 1,383.2 54.3 1,380.9 47.0

Runoff for Diverted Lake Michigan Watershed 807.3 31.7 1,194.8 40.7

Total Direct Diversions 355.7 14.0 361.6 12.3

Total Diversion (columns 11-13) 2,546.2 2,937.3

Lockages 37.6 1.5 30.4 1.0

Leakages 24.9 1.0 23.4 0.8

Navigation Makeup Flow 25.7 1.0 59.1 2.0

Discretionary Flow 267.4 10.5 248.4 8.5

Total Diversion (columns 1-10) 2,628 3,094

Description

Average 

Flow 

(cfs)

Percentage 

of Total 

Flow

Average 

Flow 

(cfs)

Percentage 

of Total 

Flow

Lake Michigan Pumpage by the State of Illinois 1,341.5 47.0 1,307.1 45.0

Runoff for Diverted Lake Michigan Watershed 1,145.3 40.2 1,215.9 41.9

Total Direct Diversions 364.6 12.8 381.6 13.1

Total Diversion (columns 11-13) 2,851.4 2,904.6

Lockages 33.1 1.2 51.0 1.8

Leakages 21.5 0.8 30.6 1.1

Navigation Makeup Flow 41.2 1.4 34.9 1.2

Discretionary Flow 268.7 9.4 265.1 9.1

Total Lake Michigan Diversion (col. 1-10) 3,002 3,135

2006 2007

2008 2009
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Figure 1-6:  Total Average Annual Flow of Different Components of the Lake Michigan Diversion, 2006 

– 2009. 
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Figure 1-7:  Chicago River Controlling Works. 

O’Brien Lock and Dam 

Wilmette Pump Station and Sluice Gates 
Lockport Lock and Dam 

Chicago River Controlling Works 
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1.3 SUMMARY OF TECHNICAL COMMITTEE’S FINDINGS 

 

The Technical Committee has convened six 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 Technical Committees.  The specific action taken by 

the USACE is discussed in each individual committee report. 

 

1.3.1 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. 

 

1.3.2 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 conclusions 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 WYs 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-plans 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 USGS to establish guidelines to promote improvement in the quality of 

the 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, 
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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. 

 

1.3.3 Third Technical Committee 

 

The Third Technical Committee was convened in February of 1993 and reviewed WYs 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 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 Accounting Program 

(Master Plan) should be finalized, 

 

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 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, 
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including bypass flow, should be conducted to improve the accuracy of inflow and 

infiltration characteristics used in the hydrologic simulation. 

 

1.3.4 Fourth Technical Committee 

 

The Fourth Technical Committee was appointed July 1998 and held the first workshop in 

September 1998 and reviewed WYs 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:  

 

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. 
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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. 

 

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. 

 

1.3.5 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 WYs 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 
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such as the 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. 

 

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 diversions determinations for WYs 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 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 Chicago River Controlling Works 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.   
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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 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. 

 

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 44 percent coefficient of 

variation), followed by Columbus Drive (18 percent), O’Brien Lock and Dam (24 percent) and 

Wilmette (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 COV) than the Lakefront Accounting System because of the low uncertainty 

of the Romeoville Acoustic Velocity Meter.   

 

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 measurement 
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methods suggested previously.  Check measurements of gate-opening indicators at the controlling 

works should be made annually in addition to the periodic inspection of stage sensors maintained 

by the MWRDGC and USACE.  A field survey should be performed to verify the elevations of 

reference points and/or staff gages located on the upstream and downstream sides of controlling 

works in the vicinity of the primary stage sensors.  A reference point, or staff gage, should be 

established on the upstream side of the O’Brien Lock and Dam.  Check measurements of stage 

should be made at the outside gage or reference point and compared with concurrent readings of 

the primary stage sensor to verify the sensor calibration. 

 

19. The Fifth Technical Committee concurs with and reiterates the recommendations of the Fourth 

Technical Committee and the contractor who evaluated the pumping stations and water treatment 

plants that the venturi meters (a) should be calibrated to establish if manufacturers’ rating curves 

are correct and (b) should be physically removed so that inlet and throat dimensions can be 

measured and inspected for physical deterioration.  This might be done by partitioning the 

facilities into three groups based on annual pumping and then randomly sampling 5 to 10 percent 

of the meters associated with the pumping reported within each group. 

 

20. The Fifth Technical Committee’s review of water withdrawal and delivery data indicates that a 10 

percent consumptive use factor is substantially smaller than the losses from the withdrawal point 

to households.  Thus, if consumptive use increases in future modeling, infiltration must increase 

to maintain a good flow balance during dry weather flow at the WRPs.   

 

21. The comparisons of simulated and measured flows at the WRPs are not sufficiently precise to 

evaluate the accuracy of the rainfall-runoff simulation.  Wastewater flow comprises more than 80 

percent of the WRP flows.  With a revision to the consumptive use the percentage may drop 

below 80 but wastewater still will dominate the WRP flows.  Thus, substantial errors in the 

rainfall-runoff simulation could be hidden in a 5 percent difference in simulated and measured 

WRP flows.  Thus, three new checks of rainfall-runoff simulation are recommended. 

 

A. The comparison of simulated and measured flows for the Midlothian Creek and Tinley 

Creek at Palos Park gages in the “ungaged” Calumet watershed would greatly increase 

confidence that the HSPF model parameters are valid for the watersheds to which they 

are applied in the diversion accounting. 

 

B. The difference in flow between the Touhy Avenue and Albany Avenue gages on the 

North Branch Chicago River, a 13 mi
2
 of drainage area, could be compared to simulated 

inflows to the reach between the gages. 

 

C. A comparison should be made for annual flows at the North Branch, Racine Avenue, and 

125
th
 Street Pump Stations of the MWRDGC. 

 

22. The performance of the WY 1997 modifications to land use should be monitored as additional 

years of diversion calculations are completed.  If the CSO flows still seem to be overestimated, 

the DuPage County (1993) values for medium and low density residential development should be 

applied for the H&H modeling in the diversion accounting. 

 

23. The comparisons at the Upper Des Plaines Pump Station and for the lower Des Plaines River 

watershed by area ratio indicate potential underestimation of Des Plaines River watershed runoff.  

This requires further evaluation. 
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A. If Romeoville Accounting is to be used in the future, gaging at the Upper Des Plaines 

Pump Station must be improved so that meaningful comparisons can be made at this 

station and the Des Plaines River watershed flows can be properly tested and adjusted.   

 

24. The quality of the stage agreement during UNET calibration for the Grand Calumet River often is 

very poor and the USACE original evaluation indicates too much flow may be directed East in 

the model resulting in an underestimate of the Indiana Water Supply pumpage deduction.  The 

UNET model should be revised using more recent data and accounting for changes in roughness 

during the growing season for aquatic vegetation.   

 

25. In the application of the TNET model for diversion accounting, the measured stage at the TARP 

pumping stations should be used as the downstream boundary condition and the outflow, i.e. 

pumpage, should be computed.  If the computed outflow exceeds the actual pumpage, decrease 

TARP inflow and increase CSOs.  Conversely, if the computed outflow is less than the actual 

pumpage, increase TARP inflow and decrease CSOs.   

 

26. The streamflow separation in the period of record runoff analysis should be revised to more 

correctly adjust earlier runoff for 1990 land use conditions using the double mass curve method 

proposed by Riggins and Yen (1995).   

 

1.3.6 Sixth Technical Committee 

 

The Sixth Technical Committee was appointed by the USACE in December 2007 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 WYs 2000, 2001, 2002, 2003, 2004, and 2005.  Procedures used to calculate and 

verify flows that are not directly measured such as the H&H models. Measurement methods implemented 

at primary flow-monitoring locations and, the status of recommendations offered by previous technical 

committees. 

 

The following is a summary of the Sixth Technical Committee Recommendations and Findings. 

 

1. In general, the Sixth Technical Committee has determined, based on our review that the Lake 

Michigan Diversion Accounting for WYs 2000, 2001, 2002, 2003, 2004, and 2005, is in 

compliance with the 1980 Modified Decree, with respect to the “best current engineering 

practices and scientific knowledge.” 

 

2. This Sixth Technical Committee is in general agreement with the findings and recommendations 

made by the Fifth Technical Committee.  Progress has been made to comply with most of the 

recommendations, and progress has been made since the Fifth Technical Committee (2004). 

 

3. From the technology standpoint of “best current engineering practice and scientific knowledge,” 

the progress of Lake Michigan Diversion accounting has been significant and is reflected in a 

number of specific engineering/scientific areas: 1) basic diverted watershed system data and 

understanding; 2) hydrologic modeling; and 3) flow measurements.  

 

4. 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.  
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5. The Sixth Technical Committee agreed with the recommendation of the Fifth Technical 

Committee that since the Romeoville gage had to be abandoned due to the construction of an 

electric fish barrier at the Romeoville site that would affect the acoustical records at the gage, an 

extended period of overlapping AVM record at Romeoville and Lemont was needed and that the 

Romeoville AVM should be operated as long as possible.  The overlapping period of record of 

the two gages, (October 2004 – June 2005), was unfortunately relatively limited. This partial 

period of record, was further limited by inconsistencies in the equipment. Unfortunately, in 

developing the flow rating at the Lemont gage, the extensive analysis, refinement and review of 

the Romeoville AVM record has been lost.   

 

6. Now that the Romeoville/Lemont diversion accounting procedure has been selected and the 

models have been recalibrated, the diversion accounting manual of procedures should be 

completed. 

 

7. For the Grand Calumet River the position and movement of the flow divide has been confirmed 

by the UNET and HEC-RAS models that have been developed by the Corps (see Section 4.5.4).  

However, to the Committee’s knowledge the assumptions of the flow divide position on the Little 

Calumet River has not been checked since the early days of the accounting system.  As such, the 

committee recommends that the Corps initiate a project to evaluate the position of the flow divide 

on the Little Camulet River. 

 

1.3.6.1 Hydrologic and Hydraulic Modeling 

 

1) The regional HSPF parameter approach and original calibration of HSPF meet the Supreme Court 

requirement of using the “best current engineering practice and scientific knowledge.” However, 

the Fifth Technical Committee (Espey et al., 2004) recommended that “because of a lack of 

documentation on the transfer, additional checks of simulated flow are needed to confirm the 

accuracy of the HSPF model applied to the diversion accounting.”  

 

A. The USACE had CTE (2003a-c) recalibrate the dry weather flow in SCALP and five 

grassland and one impervious area parameters in HSPF for WYs 2000 and 2001.  The 

recalibration of the dry weather flows in SCALP led to compensating adjustments in the 

HSPF runoff model parameters.  The recalibration of SCALP and grassland and 

impervious area HSPF parameters meets the standard of the best current engineering 

practice and scientific knowledge. 

 

B. Because the recalibration was for a two year period, the WY 2000 and 2001 Diversion 

Accounting Reports (U.S. Army Corps of Engineers, 2004b, p. 51) recommended the 

following in the “Areas for Improvement”: 

 

“A longer term calibration period (10 or more years) should be looked at in 

the future.  This long term calibration would be used to set the hydrologic 

parameters until a trend of over- or under-prediction becomes evident or 

changes in the physical system occur.” 

  

C. Beginning with the WY 2000 Diversion Accounting Report (U.S. Army Corps of 

Engineers, 2004b) the following recommendation regarding the wastewater flow 

adjustment has been included in the “Areas for Improvement” for the diversion 

accounting: 
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“The actual model change was performed by indiscriminately increasing or decreasing all 

Population Equivalent (PE) parameters for a particular service area in order to 

approximate the average change in wastewater loading.   In reality, the wastewater 

loading is a product of the PE and the per capita usage factor for each sub area.  To more 

accurately model the actual wastewater loadings present, both the PE and per capita 

usage should be reassessed.  Census populations and NIPC manufacturing numbers 

should be considered when developing revised PE and per capita usage estimates.” 

 

Such a re-evaluation may be worthwhile, however, it is more important to determine the 

revised consumptive use estimates for the various WRP drainage areas.  The percentage 

of return flow and consumptive use corresponding to the adjusted wastewater flows 

should be determined and compared to the findings of the Fifth Technical Committee 

(Espey et al., 2004). 

 

D. The Fifth Technical Committee (Espey et al., 2004) recommended that the Midlothian 

Creek watershed at Oak Forest, Ill. (12.6 mi
2
) and the Tinley Creek watershed at Palos 

Park, Ill. (11.2 mi
2
) that drain to the Calumet-Sag Channel be used as test points for the 

calibrated HSPF watershed.   

 

2) The Fifth Technical Committee (Espey et al., 2004) found that flow comparisons (1) at the Upper 

Des Plaines Pump Station and (2) for the lower Des Plaines River watershed by area ratio indicate 

potential under simulation of Des Plaines River watershed runoff. In order to understand the 

difference in results between Tinley Creek and Midlothian Creek, the USGS did a comparison of 

the land cover composition of the two watersheds.  The Committee recommends that the 

recalibrated forest HSPF parameters be used in future diversion accounting calculations because 

the recalibrated forest parameter values 1) were derived for a 12 year calibration period, 2) 

yielded good results for Midlothian Creek and Tinley Creek (which is 24% forest), 3) may solve 

possible under simulation problems in the lower Des Plaines River watershed, and 4) yielded 

parameter values that were generally in agreement with the ranges of parameter values obtained 

in the original calibration on nearby watersheds. 

 

3) In the “Areas of Improvement” section in the Annual Diversion Accounting Reports for WYs 

2000 to 2003 (U.S. Army Corps of Engineers, 2004b, 2007a, and 2007b) the following 

recommendation was made:  “There appears to be a significant difference in simulated and 

observed flows during periods of significant snowfall.  The snow melt and accumulation routines 

should be examined over a long period to identify possible parameter adjustments.” 

 

The Committee feels that if the HSPF snowmelt parameters are to be changed a larger system-wide study 

should be done, but the Committee feels that this recalibration will have a limited effect on the diversion 

computations and should not be a high priority. 

 

4) In the Annual Diversion Accounting reports it has been long recommended in the “Areas for 

Improvement” that “Installation of better flow measurement equipment at the (Upper Des 

Plaines) pump station and measurement of bypass flows at the facility would allow for better 

model calibration.”   

 

5) Beginning in May 2005 the USGS began installing sewer flow gauges at 17 locations throughout 

the MWRDGC service area.  Five of these are currently collecting continuous flow data.  Sontek 

Argonaut SW flow meters are used at these locations.  The Argonauts are superior to the area-

velocity flow meters used by Waite et al. (2002).  If household water meter data are available for 

the drainage areas of these locations, only household consumptive use would need to be 
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approximated.  Thus, infiltration during low flow periods could be more accurately determined 

and compared to simulation results, and the HSPF and SCALP models adjusted accordingly.  The 

Committee suggests that re-evaluation of consumptive use and sewer infiltration should be a low 

priority for the improvement of Diversion Accounting procedures. 

 

6) The Fifth Technical Committee (Espey et al., 2004) found that the quality of the stage agreement 

during UNET calibration for the Grand Calumet River often is very poor and the USACE original 

evaluation indicates too much flow may be directed East in the model resulting in an 

underestimate of the Indiana Water Supply pumpage deduction (Column 5 in the Diversion 

Accounting Table).  The Fifth Technical Committee recommended that the UNET model should 

be revised using more recent data and accounting for changes in roughness during the growing 

season for aquatic vegetation.   

 

7) The Fifth Technical Committee (Espey et al., 2004) recommended the use of the measured stage 

at the TARP pumping stations as the downstream boundary condition for TNET simulation and 

computation of the outflow.  If the computed outflow exceeds the actual pumpage, decrease 

TARP inflow and increase CSOs.   

 

The Committee agrees to a compromise between the fifth Technical Committee recommendation and the 

USACE modifications as follows.  TNET should be modified to yield computed water-surface elevations 

at the locations of the MWRDGC’s sensors.  The computed water-surface elevation should be compared 

with the measured values and the model computations adjusted on the basis of this comparison.   

 

8) A substantial change was made to the groundwater inflow to the Mainstream and Des Plaines 

TARP systems.  The Committee concludes that this change in the groundwater inflow to the 

Mainstream and Des Plaines TARP tunnels is completely justified. 

 

9) The Illinois Transient Model (ITM) represents an advance in computational efficiency, economy 

in terms of memory requirements, and improved accuracy relative to commonly used Method of 

Characteristics approaches.  The ITM represents a substantial advance over TNET. 

 

1.3.6.2 Flow Measurement 

 

The Sixth Technical Committee considers that the best current engineering practice and scientific 

knowledge are being used to measure various flow components involved in the LMDA.  

 

1. Validity of the regression is periodically checked, MWRDGC (LMO-6). It is therefore 

recommended that the appropriateness of each estimating equation be documented through a 

more formal comparative analysis of AVM and LMO-6 records to identify any trends in 

differences between the records that would suggest one method or the other is providing 

potentially inaccurate record.   

 

2. The Committee concludes that a thorough process of assessment and implementation should be 

considered to address the problem of monitoring at gaging stations during unsteady flows.  The 

following primary recommendations are made in order to identify and correct the effect of flow 

unsteadiness: 

 

A. Assessment of the implications of the presence of unsteady flow regimes on the rating 

curve uncertainties at the Lemont gaging station.   
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B. Design and conduct of specific high temporal resolution, simultaneous measurements of 

stage, velocity, and discharge capable of capturing the flow unsteadiness and its effect on 

the discharge recordings.   

C. Evaluation of the existing monitoring infrastructure and design appropriate means to 

capture the effect of flow unsteadiness on the rating curves. Formulate a quality control 

plan for conducting measurements in the CWS environment, including the transient flow 

conditions. 

 

3. Given that the area of acoustic instruments is evolving in many aspects (design optimization, 

extension of measurement and processing capabilities) and new instruments are continuously 

developed several general recommendations in this respect would be to: 

 
A. Evaluate the sources of uncertainties in the discharge measured with the AVM. 
B. Given that the ADVMs are potentially superior compared to AVMs, testing the ADVM 

performance for estimating discharges using several strategies is suggested. 

C. Because of the importance of the ADCP synoptic measurement and given that the 

available technical guidance and protocols for acquiring discharge measurements are still 

evolving, it is suggested to gradually include measurement checks that allow inferences 

on particular aspects of the measurements.    

 

4. At the most general level, given that the LMDA involves a suite of flow measurements provided 

by a variety of instruments and coupled with numerical analysis the need for a comprehensive, 

robust and sound uncertainty methodology is apparent.  It is recommended to take advantage of 

the uncertainty analysis components developed for the Fifth Technical Committee (see Chapter V 

in Espey et al., 2004) and extend the analysis to other flow measurement instruments and 

procedures.  
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2.0 LAKE MICHIGAN DIVERSION ACCOUNTING – WATER 

YEAR 2006-2009 
 

Both measured and estimated flows are used to determine the annual diversion of water from Lake 

Michigan that is accountable to the State of Illinois pursuant to provisions of the U.S. Supreme Court 

Decree in Wisconsin, et al. vs. Illinois, et al. 388 U.S. 426, 87 S.Ct. 1774 (1967) as modified in 449 U.S. 

48, 101 S.Ct. 557 (1980), hereinafter referred to as the 1980 Modified Decree. Continuous flow 

monitoring is performed whenever possible to directly measure components of the diversion budget.  

Hydrologic and Hydraulic (H&H) computer models use meteorological data to simulate flows for those 

components of the diversion budget that cannot be directly measured.  When possible, continuous flow 

monitoring is performed to test the validity of the computer models. 

 

The 1980 Modified Decree prescribes that the measurements and computations required by the Decree 

shall be made using “best current engineering practice and scientific knowledge.”  Furthermore, the 

USACE shall periodically convene a Technical Committee to review and report to the USACE “on the 

method of accounting and the operation of the accounting procedure.” 

 

The Seventh Technical Committee was appointed by the USACE in 2013 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: 

 

1. The accounting of annual diversions for WYs 2006, 2007, 2008, and 2009, (Sections 2.1-2.4), 

 

2. Procedures used to calculate and verify flows that are not directly measured such as the H&H 

models (Chapter 4), 

 

3. Measurement methods implemented at primary flow-monitoring locations (Chapter 5), 

 

4. The summary of recommendations offered by previous technical committees (Section 1.3), 

 

The Committee addressed its goal by means of meetings with key participants in the accounting process, 

reviewing technical reports, and inspecting site conditions.  These activities are more specifically 

summarized as follows: 

 

Committee Meetings 

 

The following is a summary of the Seventh Technical Committee activities, technical workshops, field 

trips and reviewed reports (Appendix B). 

 

Water data and interpretive reports were reviewed including: 

 

1. USACE annual accounting reports for WYs 2006 through 2009, 

 

2. USGS WYs 2006 through 2009 discharge computation records/reports and associated error 

analysis, and 

 

3. A variety of supporting technical documents related to hydrologic modeling, and acoustic 

metering quality assurance. 
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Field trips were made to inspect noteworthy aspects of the accounting process: 

 

1. MWRDGC Chicago River Controlling Works, 

 

2. ISWS  precipitation gages, (Westchester and Franklin Park), 

 

3. MWRDGC waterway control center, 

 

4. Field inspection of acoustic instrumentation, operations and data acquisition at Lemont gage, 

 

5. MWRDGC at Lockport Operation Center. 

 

The Lake Michigan Diversion draft Accounting Manual of Procedures (U.S. Army Corps of Engineers, 

Draft – 9/30/13) lists the sources of data compiled that are required to perform diversion accounting using 

the currently accepted Lemont Accounting System.  The discharge of the CSSC near Lemont represents 

the majority of flow diverted from Lake Michigan and its watershed.  Beginning in Water Year 2006 the 

gaging station maintained by the USGS along the CSSC at Lemont is the most important source of data 

used in the Lemont Accounting System as the decision was made to replace the Romeoville with the 

Lemont gaging station. 

 

Table 2-1:  Nature and Source of Data Used for Diversion Accounting at Lemont*  

 

[Sources denoted as USGS (U.S. Geological Survey), MWRDGC (Metropolitan Water 

Reclamation District of Greater Chicago), IEPA (Illinois Environmental Protection Agency), 

IDEM (Indiana Department of Environmental Management), CIW (Consumer Illinois Water 

Company), ISWS (Illinois State Water Survey), Illinois and Indiana Departments of Natural 

Resources (DNR), NOAA (National Oceanic and Atmospheric Administration), and ANL 

(Argonne National Laboratory). 

 

 

Type of Data 

No. of 

Locations 

 

Source of Data 

Discharge of the Chicago Sanitary and 

Ship Canal 

2 USGS and MWRDGC (1 each) 

Streamflow 9 USGS 

Direct diversion flows 3 MWRDGC (3) 

Lake Michigan water-supply withdrawals 30 

 

Illinois DNR (25), Indiana DNR (2), 

and several municipal and federal (3) 

Industrial withdrawals or discharges 5 IEPA (2) and individual industries 

Groundwater withdrawals Not noted ISWS 

Water reclamation plant flows 21 MWRDGC (10), IDEM (4), CIW (3), 

and other utilities (4) 

Meteorological data 5 NOAA (3), ANL (1), ISWS (1) 

Precipitation data 25 ISWS 

Lake Level Storage Data 1 NOAA (1) 

*Updated based on verbal communication with Chicago District-USACE.  

  

Presented in Table 2.2 is a summary of chronological events regarding the Technical 

Committee’s activities and Lake Michigan Diversion events for the period 1981-2009. 
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Table 2-2: Chronological Summary of Technical Committees and Lake Michigan Diversion Events 
First Technical Committee 

Convened June 1981, Final Report – October 1981 (Espey et al., 1981) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water Year 

Diversion 

Results 

Remarks 

  

 Lockport flow components are deficit in practically every respect. 

 Master Plan be developed for the Management of the Lake Michigan 

Diversion Program. 

 Development of an “Operational Procedure Manual”. 

 Study to evaluate alternatives to the Lockport facilities for measurement 

of diversion flow. 

 Improvement to flow measurements practices at Lockport facilities. 

 

Second Technical Committee 

Convened July 1986, Final Report – November 1987 (Espey et al., 1987) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water Year 

Diversion 

Results 

Remarks 

1981, 1982 Annual 

Report 

11/1983 – Released 

1981/1982 

 Lockport Measurement Site – First Committee Report (Espey et al., 

October 1981) 

 Harza report proposed new diversion accounting program (Harza 

Engineering, 1981) 

 WY 81-82 Diversion certified despite Technical Committee (1981) 

concerns regarding Lockport rating. 

1983, 1984, 1985 

Annual Report 

2/1986 – Released 

1983 

 New Accounting System (Northeastern Illinois Planning Commission, 

NIPC, 1985), Used hydrologic computer models.  

 WES Report (Hart and McGee, 1985) Powerhouse and Controlling 

Works sluice gate – new rating resulted in a reduced diversion (180 cfs) 

for WY 1983. 

 Romeoville AVM installation (March 18-23, 1984), AVM data suggest 

Lockport Turbine low flows are consistently low. 

 1983 diversion certified despite concerns on Lockport rating (Technical 

Committee, 1981) findings. 

 Second Committee convenes (July 1986) 

1986 Annual Report 

3/1987 – Released 

No diversion 

results 

 Mainstream and Calumet Tunnel and Reservoir Plan (TARP) tunnels 

become operational – Began new accounting system, development of a 

computerized water budget, HEC analysis of Hydrologic Simulation 

Procedures. 

 Second Committee Report (Espey et al., November 1987) 
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Continued - Table 2.2: Chronological Summary of Technical Committees and Lake Michigan Diversion Events 

Third Technical Committee 

Convened February 1993, Final Report – July 1994 (Espey et al., 1994) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water Year 

Diversion 

Results 

Remarks 

1987 Annual Report 

9/1988 – Released 

No diversion 

results 

 The Water Resource Development Act of 1986 gave USACE 

responsibility for the computation of diversion flow (effective October 

1987) 

1988 Annual Report 

3/1989 – Released 

No diversion 

results 

 Continuing problems with AVM; new AVM system to be installed. 

 Diversion Accounting certification suspended in WY 1988 pending 

revision of hydrologic modeling parameters as per Second Technical 

Committee’s suggestion. 

 Second Technical Committee Final Report (November 1987) 

1989 Annual Report 

11/1993 – Released 
1984-1985 

 November 1988 – ORE, Inc. AVM installed 

 First Annual Report that USACE assumes responsibility for the 

computation of diversion 

 Diversion Accounting report developed by NIPC, reviewed and updated 

by USACE 

 USACE updated hydrologic model parameters and revised 1984-1985 

flows based on AVM records 

1990-92 Annual Report 

1/1994 - Released 

1986-1987 

 

1988 - 1989 

 New regression equations (USGS, Melching and Oberg, 1993) (WYs 

1986, 1987, 1988, and 1989) 

 Modeling update –  Mainstream and Camulet TARP 

 USACE Lakefront measurements 

 New 25-gage precipitation gage network – installed (October 1989) 

 Grand Calumet River West Branch gage established (October 1991) 

 Diversion results indicated State of Illinois exceeded allowable diversion 

– 1988 

 1986 problem with AVM 

 1987 AVM – little missing record 

 1988-89 Solar Radiation Correction 
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Continued - Table 2.2: Chronological Summary of Technical Committees and Lake Michigan Diversion Events

Fourth Technical Committee 

Convened September 1998, Final Report, May 2001 (Espey et al., 2001) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water 

Year 

Diversion 

Results 

Remarks 

1993 Annual Report 

9/1994 – Released 
1990 

 Modification to the hydrologic runoff models and hydraulic sewer routing 

models to incorporate the 25-gage precipitation network into the WY 90 

diversion accounting.  This includes revision to map delineation for 

combined sewer contributing areas, delineation of area assigned for the 25-

gage network, revision and update of land-use/land-cover delineations. 

 Third Technical Committee – convened February 1993 

 Third Technical Committee final report (Espey et al., 1994) 

1994 Annual Report 

10/1995 – Released 

1991 

1992 

 During WY 1994 and continuing into WY 1995 the hydrologic runoff and 

hydraulic sewer models were modified in order to utilize the Data Storage 

System (DSS) database of the USACE as the sole database in all diversion 

accounting computations.  The modified models were used for WY 1991 and 

WY 1992 accounting. 

1995 Annual Report 

3/1997 – Released 

1993 

1994 

 Beginning in June 1993 the southern and middle portions of the Des Plaines 

TARP system became operational.  These tunnels were added to the 

modeling of the TARP system of WY 1993. 

 The estimate of the Grand Calumet River portion of the water supply 

pumpage from Indiana that reaches the Chicago Sanitary and Ship Channel 

(CSSC) was revised to better account for the unique hydraulics of the river. 

 Prior to WY 1993 there existed a double accounting of a portion of the runoff 

from the ungaged Calumet watershed.  The flow that was double accounted 

was the infiltration into the separate sanitary sewers within the ungaged 

Calumet watershed.  This revision only impacts Column 12, the diverted 

runoff from the Lake Michigan watershed, which is used as a component 

verification of the overall diversion contained in Column 10. 

1996 Annual Report 

10/1998 – Released 
1995 

 The USACE supported the Great Lakes Mediation Committee with respect to 

various special studies:  1) runoff and 2) consumptive use. 
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Continued - Table 2.2: Chronological Summary of Technical Committees and Lake Michigan Diversion Events 

Fifth Technical Committee 

Convened January 2003, Final Report, July 2004 (Espey et al., 2004) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water 

Year 

Diversion 

Results 

Remarks 

1997 Annual Report 1996 

 Work began on changing the TNET files for the Calumet TARP tunnel. 

 Christopher Burke Engineering, Ltd. hired to review the model to ensure 

consistency with as-built plans and update the TNET model to account for 

new Calumet tunnel legs. 

 Started changing over from computing solar radiation data using O’Hare 

meteorologic data to using the measured solar radiation data collected at 

Argonne National Labs. 

 The efforts relating to the changes to the Calumet modeling and the 

computation of the solar radiation were carried over into the FY 1998 and FY 

1999 and were a primary reason for the delay in the release of the WY 1996 

accounting report. 

1998 Annual Report 

7/2001 - Released 
1997 

 USGS AVM gages at Columbus Drive and O’Brien Lock and Dam 

established in December and October 1996, respectively. 

 The efforts relating to the changes to the Calumet modeling and the 

computation of the solar radiation were carried over from FY 1996 and were 

the primary reason for the delay in the release of the WY 1997 accounting 

report. 

 Percentages of pervious and impervious areas adjusted in the hydrologic 

modeling to correct for suspected overestimate of combined sewer overflow 

discharges. 

 Contracting efforts occurred related to the establishment of the Fourth 

Technical Committee.  The first workshop of the Fourth Technical 

Committee was in September 1998. 

1999 Annual Report 

5/2004 - Released 
1998-1999 

 USGS installation of an AVM gage at Wilmette (September 1999). 

 Contract initiated for work on a detailed QA/QC of ten primary water supply 

diverters in Chicago and five in the northern Chicago suburbs. (work 

completed in 2003). 

 USACE completed a hydraulic analysis of various alternatives for Navigation 

Makeup Reduction. 
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Continued - Table 2.2: Chronological Summary of Technical Committees and Lake Michigan Diversion Event 

Sixth Technical Committee 

Convened January 2008, Draft Report (July 2009), Final Report (Sept. 2009) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water 

Year 

Diversion 

Results 

Remarks 

2000 Annual Report 

8/2004 Released 

2000 

2001 

 Two new budgets (14A and 14B) were added to help determine the accuracy 

of the TARP CSO simulations at the North Branch and Racine Avenue 

Pumping Stations, respectively, and for their potential future use as 

calibration points for the heretofore uncalibrated CSO overflows. 

 Backflows from the CRCW, O’Brien Lock and Dam and Wilmette Locks 

were removed from the accounting, as it was noted that backflows were 

already accounted for in the Lakefront AVM measurements. 

 The HSPF SCALP/TNET models were calibrated using flow data at the 

Water Reclamation Plants for WY00 and WY01. 

2001 Annual Report 

3/2007 - Released 

Lakefront 

Diversion 

Accounting 

Results 

(1997-2003) 

 The State of Illinois completed the construction of the Chicago Inner Harbor 

Basin Cutoff Wall during 2001. The wall was constructed across the turning 

basin, and serves to greatly reduce the leakage of Lake Michigan water 

through the basin walls and into the canal system. In addition to the new 

watertight cutoff wall, the facilities also include a pump station and four 10-

foot by 10-foot sluice gates.  

 The Chicago District completed an uncertainty comparison of the accounting 

methods that can be used to determine the diversion of Lake Michigan waters 

by the State of Illinois.  

 The comparison of uncertainties in Lockport accounting versus Lakefront 

accounting from both a theoretical and measurement basis, has been 

determined to be more accurate. Using Lockport accounting the average 

annual diversion for WY97-03 for the existing system is 2,812 cfs, with an 

uncertainty of 2.3%; while the average annual diversion for the same period 

from a Lakefront accounting system with fixed values of runoff and 

consumptive use would be 2,765 cfs, with an uncertainty of 7.9%. 

2002 Annual Report 

3/2007 - Released 
2002 

 During July 30, 2001 through January 29, 2003, the Salt Creek Interceptor 

was taken out of service for repair. 

 During the above time interval, combined and separate sewer flows from the 

service area into the Des Plaines Watershed were diverted to the Des Plaines 

Tunnel, and combined sewer flows from a portion of the Lake Michigan 

Watershed were diverted to the mainstream Tunnel. 

2003 Annual Report 

3/2007 - Released 
2003 

 During July 30, 2001 through January 29, 2003 the Salt Creek Interceptor 

was taken out of service for repair. 

 During the above time interval, combined and separate sewer flows from the 

service area into the Des Plaines Watershed were diverted to the Des Plaines 

Tunnel, and combined sewer flows from a portion of the Lake Michigan 

Watershed were diverted to the mainstream Tunnel. 

 Modifications to the normal computation procedure were applied to the 4-

month interval between October 1, 2002 and January 29, 2003. 

2004 Annual Report 

7/2008 - Released 
2004 

 Beginning WY04, the Torrence Ave Tunnel in the Calumet System went 

online and was included in the TNET modeling. 

 Changes to Budget 14 were also made. Runoff for an ungaged area of the 

Little Calumet River Watershed (approximately 84.2 mi
2
) was historically 

computed from raingage data. 

 Two stream gages operated by the USGS exist for two tributaries within the 

Basin (Midlothian and Tinley Creeks) and flows from these subareas were 

included in Budget 14 computations rather than using simulated runoff based 

on rainfall data. 

2005 Annual Report 2005 No procedural changes were made in WY05 diversion computations. 
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7/2008 – Released 

Continued - Table 2.2: Chronological Summary of Technical Committees and Lake Michigan Diversion Events 

Seventh Technical Committee 

Convened May 2013, Draft Report (January 2014) 

Reviewed Status of Diversion Computation as Stipulated by the 1980, Modified Decree of the U.S. Supreme Court 

Annual Report 

Water 

Year 

Diversion 

Results 

Remarks 

2006 Annual Report 

2/2011 Released  
2006 

 The AVM on the CSSC at Romeoville was removed in May, 2006 when the 

construction of dispersal barrier.  

 USGS to perform a hydrological study of Midlothian and Tinley Creek 

Watersheds based on the parameter sets used in diversion accounting 

modeling before and after WY 2000. 

 MWRDGC agreed to install an additional flow meter in the incoming 

intercepting sewer upstream of both the pumping station and the new TARP 

diversion structure. 

 The Corps published the lakefront accounting report for WY 1997 through 

WY 2003 (USACE, 2006.). 

2007 Annual Report 

2/2011 Released  
2007 

 Two real time stage gages at the Chicago Lock were installed in 2007 to 

monitor water levels and water temperature in the Chicago River and Lake 

Michigan. 

 A multi-sensor weather station was also installed at the Chicago Lock.  

 The ISWS noticed that the raingage at Chicago Heights in the precipitation 

data collection network consistently registered low. After testing the 

suspected  raingage with a trusted gage, the ISWS replaced the equipment 

and revised the hourly precipitation records at Chicago Heights for WY 2005 

and WY 2006 

2008 Annual Report 

11/2012 Released  

 

2008 

 The AVM at Lemont was out of service from January 7, 2008 to May 20, 

2008 due to severed cross-channel cables that had to be repaired by divers. 

During this period, the co-located horizontal acoustic Doppler current profiler 

(H-ADCP), the backup gage at Lemont, continued to collect velocity data for 

discharge computations. 

 On September 15, 2008, the USGS measured a flood discharge (15,780 cfs) 

on the CSSC at Lemont that helped enhance the accuracy of the rehabilitation 

of the Upper Des Plaines Pumping Station including installation of a velocity 

profiler (flow meter) in the intercepting sewer delivering the combined sewer 

flow from the Upper Des Plaines River drainage basin to the pumping 

station. 

2009 Annual Report 

11/2012 Released  
2009 

 The AVM at Lemont was out of service from September 7, 2009 to 

December 15, 2009 due to an equipment failure and unavailability of 

replacement parts. During this period, the co-located H-ADCP continued to 

collect velocity data for discharge computations. 

 The 6
th
 Technical Committee commenced the second phase of review. They 

completed the review and published the finding report in September 2009 

(USACE, 2009). The Committee was very disappointed that the period of 

concurrent data collection on the CSSC at Romeoville and Lemont was 

relatively short (October 2004 through June 2005). 
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2.1 WATER YEAR 2006 ANNUAL REPORT 2006 

 

The activities in FY 2006 included data collection for WY 2006 and data analysis for WY 2004 

and WY 2005. The AVM on the CSSC at Romeoville was removed in May 2006 when the 

construction of dispersal an electric fish barrier interfered with the acoustic meters causing the 

Romeoville gage to be removed. Before the Romeoville gage was completely decommissioned, 

some concurrent data at Romeoville and Lemont had been collected. These data would help 

calibration and independent verification of AVM data at Lemont. Responding to a major 

recommendation made by the 5
th
 Technical Committee, the Corps funded the USGS to perform a 

hydrological study of Midlothian and Tinely Creek Watersheds based on the parameter sets used 

in diversion accounting modeling before and after WY 2000. In 2006, a discussion took place the 

Corps and the MWRDGC discussed upgrade of the flow measurement capability at the Upper 

Des Plaines pumping Station. As part of the MWRDGC’s pump station rehabilitation plan, the 

MWRDGC would replace the aging pumps and associated flow meters in the pumping station. In 

addition, a new TARP connecting structure would be constructed near the station to divert 

combined sewer flows from the intercepting sewer to the TARP during large runoff events or 

repairs for the pumping station. To ensure uninterrupted data and provide independent 

verification of flow rates through the pumps, the Corps requested that a separate flow meter in the 

intercepting sewer be considered. The MWRDGC cooperatively agreed to install an additional 

flow meter in the incoming intercepting sewer upstream of both the pumping station and the new 

TARP diversion structure. In 2006, The Corps published the Lakefront accounting report for WY 

1997 through WY 2003 (USACE, 2006a), the Romeoville accounting report for WY 2002 

(USACE, 2006b), and the Romeoville accounting report for WY 2003 (USACE, 2006c). 

 

2.2 WATER YEAR 2007, ANNUAL REPORT 2007 

 

The activities in FY 2007 included data collection for WY 2007 and modeling of diversion 

accounting for WY 2004 and WY 2005. AVM flow data collection at Lemont went smoothly; no 

data were lost due to gage malfunction. In 2007, two real time stage gages at the Chicago Lock 

were installed in 2007 to monitor water levels and water temperature in the Chicago River and 

Lake Michigan. These stage gages provide accurate data for controlling works operation and 

direct diversion computation. A multi-sensor weather station was also installed at the Chicago 

Lock; it reports air temperature, relative humidity, atmospheric pressure, wind speed, wind 

direction, and precipitation every hour. The ISWS noticed that the rain gage at Chicago Heights 

in the precipitation data collection network consistently registered low after testing the suspected 

raingage precipitation records at Chicago Heights for WY 2005 and WY 2006.  

 

2.3 WATER YEAR 2008, ANNUAL REPORT 2008   

 

The activities in FY 2008 included raingage and flow data collection for WY 2008, data analysis 

for WY 2006, and WY 2007, and completion of Romeoville accounting computations for WY 

2004 and WY 2005. The AVM at Lemont was out of service from January 7, 2008 to May 20, 

2008 due to severed cross-channel cables that had to be repaired by divers. During this period, the 

co-located horizontal acoustic Doppler current profiler (H-ADCP), the backup gage at Lemont, 

continued to collect velocity data for discharge computations. In FY 2008, Sixth Technical 

Committee members attended workshops and meeting to learn various activities and technical 

procedures related to Lake Michigan Diversion. The USACE invited the stakeholders from 

various Great Lake state and the Province of Ontario, and hosted the first workshop in January 

2008. The USGS conducted the second workshop that included a two-day meeting at Urbana, one 

half day meeting in Chicago and a discharge measurement demonstration at Lemont AVM site in 
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April 2008. A severe rain event occurred in September 2008. On September 15, 2008, the USGS 

measured a flood discharge (15,780 cfs) on the CSSC at Lemont that helped enhance the accuracy 

of the developed AVM index velocity rating at the gaging station. The MWRDGC planned 

rehabilitation for the Upper Des Plaines Pumping Station including installation of a velocity 

profiler (flow meter in the intercepting sewer delivering the combined sewer flow from the Upper 

Des Plaines River drainage basin to the pumping station. The long-time issue regarding 

verification of the simulated runoff from the Des Plaines watershed that discharges to the CSSC, 

a deductible component to the flow measured at Lemont, would be resolved using the data 

collected by this flow meter. In 2008, the Corps published the Romeoville accounting report for 

WY 2004 (USACE, 2008a) and the Romeoville accounting report for WY 2005 (USACE, 

2008b). 

 

2.4 WATER YEAR 2009, ANNUAL REPORT 2009   

 

The activities in FY 2009 included data collection for WY 2009 and modeling of diversion 

accounting for WY 2006 and WY 2007. The AVM at Lemont was out of service from September 

7, 2009 to December 15, 2009 due to an equipment failure and unavailability of replacement 

parts. During this period, the co-located H-ADCP continued to collect velocity data for discharge 

computations. The 6
th
 Technical Committee completed the review and published the finding 

report in September 2009 (USACE, 2009). The Committee was very disappointed that the period 

of concurrent data collection on the CSSC at Romeoville and Lemont was relatively short 

(October 2004 through June 2005). The decision of not extending the service of the Romeoville 

gage was primarily driven by funding consideration and construction schedule of the fish barrier 

at the site. However, in general, the 6
th
 Technical Committee has determined, based on their 

review, that the Lake Michigan Diversion Accounting for WY 2000 through WY 2005 are in 

compliance with the 1980 Modified Decree, with respect to the “best current engineering practice 

and scientific knowledge”.  

 

2.5 LAKE MICHIGAN CUMULATIVE DIVERSION DEFICIT (THROUGH WY 2011) 

  

Summarized in Table 2-3 is a comparison of various Lake Michigan diversion components: 1) 

certified diversion (Column 2); and, 2) running average (Column 3) and 3) cumulative deviation 

(Column 4) as defined by the 1980 Modified Supreme Court Decree.  Based on the data provided 

by the USGS and the USACE the cumulative deviation has decreased dramatically since 1994-95.  

The cumulative deviation of Lake Michigan diversion Table 2-3 and Figure 2-1 had increased 

from 1983 until 1994-95, when the trend reversed.  The Lake Michigan Diversion is shown 

through WY 2011.  This reduction in Lake Michigan Diversion 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 wall by the summer of 2000 and significant 

reduction in Lake Michigan pumpage.  The USACE presents the long-term record (1918 to 2013) 

of Lake Michigan-Huron lake levels (Figure 2-2).  Lake levels for Lake Michigan/Huron during 

recent years has been low compared to the historical average (Figure 2-3), hence lockage and 

leakage are expected to be low.  Higher lake levels will lead to the potential for higher lockage 

and leakage.  The continued reduction in Lake Michigan pumpage (Figures 2-4 and 2-5) since the 

early 1990s reflecting an aggressive campaign by the City of Chicago to repair leaky water mains 

to reduce water pumpage, and also has contributed to the reduction in the cumulative deviation 

from allowed diversion flows.  Presented in Table (2-4) and Figure 2-6 is a summary of Lake 

Michigan Levels, Components of Lake Michigan Diversion, total diversion and cumulative 

diversion for the period 1990 – 2011. 
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Table 2-3: Status of the State of Illinois Diversion under the 1980 Modified U.S. Supreme Court Decree 

 

(1) 

Accounting 

Year 

(WY) 

(2) 

Certified  

(3) 

Running 

Average 

(4) 

Cumulative 

Deviation 

(cfs) (cfs) (cfs – yrs)  

1981 3,106 3,106 94 

1982 3,087 3,097 207 

1983 3,613 3,269 -206 

1984 3,432 3,310 -438 

1985 3,472 3,342 -710 

1986 3,751 3,410 -1,261 

1987 3,774 3,462 -1,835 

1988 3,376 3,451 -2,011 

1989 3,378 3,443 -2,189 

1990 3,531 3,452 -2,520 

1991 3,555 3,461 -2,875 

1992 3,409 3,457 -3,084 

1993 3,841 3,487 -3,725 

1994 3,064 3,456 -3,589 

1995 3,197 3,439 -3,586 

1996 3,108 3,418 -3,494 

1997 3,114 3,400 -3,408 

1998 3,060 3,382 -3,268 

1999 2,090 3,357 -2,977 

2000 2,584 3,318 -2,361 

2001 2,698 3,289 -1,859 

2002 2,919 3,272 -1,578 

2003 2,398 3,234 -776 

2004 2,757 3,214 -333 

2005 2,771 3,196 96 

2006 2,618 3,174 668 

2007 3.094 3,171 774 

2008 3,002 3,165 972 

2009 3,135 3,164 1,037 

2010* 2,874 3,155 1,363 

2011* 2,791 3,143 1,772 

 

Lockport Gage (81-83) green highlighted area 

Lemont Gage (06-11)  pink highlighted area 

 

*Note: Lake Michigan Diversion Accounting reports for WY 2010 and WY 2011 have just been 

released and are added to this table, however have not been reviewed by the Seventh Committee. 
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Fiure 2-1:  Lake Michigan Cumulative Deviation from the Allowable Diversion for 1990—2011. 

  Note: 2010 and 2011 were not reviewed by Seventh Committee. 
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Figure 2-2: Lake Michigan-Huron Hydrograph (1917-2013) 
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Figure 2-3:  Lake Michigan-Huron annual lake level in feet, 1918-2012. 

Note: From 1999 to 2013 the average lake level is 577.55 ft. 

 

Average 577.5 ft. 
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Figure 2-4:  Total Annual Lake Michigan Domestic Water Use. 
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Figure 2-5:  City of Chicago’s Lake Michigan Water Use. 
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Table 2-4: Lake Michigan Lake Levels, Components of the Lake Michigan Diversion, and Cumulative deviation from the Allowable Diversion  

Year

Romeoville

(cfs)

Diverted 

Watershed 

Runoff (Column 

12) (cfs)

Lake Michigan 

Pumpage 

(Column 11) 

(cfs)

Direct 

Diversion 

(Column 13) 

(cfs)

Lake Michigan 

/Huron Levels

(ft MSL)

Total Diversion 

(cfs)

Cumulative 

Deviation

(cfs-yr)

1981 3347 829.0 1593 684.0 579.7 3106.0 94.0

1982 3309 928.0 1610 549.0 579.4 3087.0 207.0

1983 3991 940.8 1613.7 574.2 580.2 3613.0 -206.0

1984 3791 829.0 1652 601.3 580.4 3432.0 -438.0

1985 3789 785.5 1662.5 630.1 581.1 3472.0 -710.0

1986 4113 876.5 1723.8 665.8 581.7 3751.0 1261.0

1987 4028 811.7 1804.9 665.4 580.6 3774.0 -1835.0

1988 3537 519.6 1906.4 560.4 579.3 3376.0 -2011.0

1989 3515 706.8 1797.9 430.7 578.7 3378.0 -2189.0

1990 3749 872.9 1579.2 449.6 578.6 3531.2 -2520.0

1991 3790 1041.1 1638.5 472.3 579.0 3560.5 -2875.0

1992 3860 847.9 1607.1 451.7 579.0 3408.9 -3084.0

1993 4074 1504.7 1618.7 519.0 579.7 3840.8 -3725.0

1994 3088 681.1 1698.1 497.3 579.7 3057.6 3589.0

1995 3235 797.6 1645.1 480.1 579.2 3196.7 -3586.0

1996 3162 882.0 1603.8 378.8 579.6 3107.5 -3494.0

1997 3231 776.6 1596.6 439.7 580.6 3114.2 -3408.0

1998 3120 773.6 1620.6 633.1 579.8 3059.4 -3268.0

1999 2945 759.3 1605.3 408.0 578.2 2909.3 -2977.0

2000 2563 718.2 1531.0 292 577.4 2584.0 -2361.0

2001 2710 871.5 1545.6 350.1 577.3 2698.5 -1859.0

2002 2919 970.6 1514.4 270.7 577.8 2919.0 -1578.0

2003 2342 608.7 1446.2 285.3 577.1 2398.0 -776.0

2004 2771 832.6 1414.1 338.2 577.8 2757.1 -333.0

2005 2725 693.2 1496.5 311.6 577.7 2770.8 96.0

2006 2615 807.3 1383.2 355.7 577.5 2628.0 668.0

2007 3096 1194.8 1380.9 361.6 577.2 3094.0 774.0

2008 3002 1145.3 1341.5 364.6 577.4 3002.7 972.0

2009 3267 1215.9 1307.1 381.6 578.3 3135.0 1037.0

2010 3006 1189.8 1253.3 382.2 577.8 2874.0 1363.0

2011 2887 1146.0 1245.2 352.1 577.6 2791.0 1772.0

*Lockport Gage (81-83)

*Lemont Gage (06-11)  
*Historical value 1981-1989 (yellow) are adjusted by 0.9 to be consistent. 
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Figure 2-6: Lake Michigan Cumulative Deviation from the Allowable Diversion, Annual Lake Michigan Pumpage, Diverted Watershed Runoff, 

Direct Diversion and Lockport/Romeoville/Lemont Annual Flows, and Lake Michigan/Huron Levels for 1981-2011. 

Note: Annual reports for 2010 and 2011 have just been released and are added to this figure. 
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3.0 REVIEW OF CURRENT ACCOUNTING SYSTEM 
 

A sample diversion accounting table for 2009 is shown in Table 3-1.  A summary of the column entries is 

shown in Table 3-2.  The first ten (10) columns are components of the diversion calculation and include 

the Lemont flow, including the various deductions and additions to the Lemont record.  Columns 1 

through 3 are the total flow entering the CSSC.  Columns 4 through 7 are the deductions from the CSSC 

flows.  The total deduction is in Column 8.  Column 9 is the Lake Michigan pumpage not discharged to 

the CSSC, and, thus, that it is not measured at Lemont, and which represents an addition to the CSSC 

flow.  Column 10 is the Lake Michigan diversion accountable to Illinois and is equal to the CSSC flow 

(Column 3) minus the deductions (Column 8) plus the additions (Column 9).  Columns 11 through 13 are 

independent flow estimates for the three sources of diversion:  water-supply pumpage from Lake 

Michigan; runoff from the diverted Lake Michigan watershed; and direct diversion through the lakefront 

structures.  Columns 11 through 13 are not used in the diversion calculation but are included to verify the 

diversion calculation and to estimate the three diversion components.  The sum of the Columns 11 

through 13 should theoretically equal the flow in Column 10. 
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Table 3-1:  Diversion accounting table for 2009 (note: reference to Appendix B below refers to the diversion accounting report (U.S. Army Corps 

of Engineers, 2009). 
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3.1 DESCRIPTION OF COLUMNS IN DIVERSION ACCOUNTING TABLE 

 

Table 3-2:  Description of diversion accounting columns 
Column Description 

1 
Chicago Sanitary and Ship Canal (CSSC) at Lemont, U.S. Geological Survey Acoustic Velocity 

Meter Gage Record 

2 Diversions from the CSSC above the Gage 

3 Total Flow Through the CSSC 

4 Groundwater Pumpage Discharge into the CSSC and Adjoining Channels 

5 Water Supply Pumpage from Indiana Reaching the CSSC 

6 Runoff from the Des Plaines River Watershed Reaching the CSSC 

7 Lake Michigan Pumpage by Federal Facilities Which Discharge to the CSSC 

8 Total Deduction from the CSSC Romeoville Gage Record 

9 Lake Michigan Pumpage not Discharged into the CSSC 

10 Total Diversion Accountable to the State of Illinois 

11 Lake Michigan Pumpage Accountable to the State of Illinois 

12 Runoff from the Diverted Lake Michigan Watershed 

13 Direct Diversion Through Lakefront Structures  

 

Discussions of Results 

 

The following is a discussion of the columns functions and computational budgets. The 

discussion of the column functions describes the purposes of each column, as well as some 

observations on the WY09 values in the columns. The discussion of the computational budgets 

presents the purpose of each budget and the results of the budget flow balances. The results of the 

computational budgets are used in the diversion calculations where nine (9) budgets are used to 

verify the diversion simulation models. The columns are discussed first, followed by the 

discussions of the budgets. 

 

Columns 

 

The first ten (10) columns display the components of the diversion calculation and include the 

Lemont flow, as well as the various deductions and additions to the Lemont record. The final 

three (3) columns (Columns 11 through 13) display the three (3) diversion components (Lake 

Michigan pumpage accountable to Illinois, runoff from the diverted watershed, and direct 

diversion through the lakefront control structures).  The sum of Columns 11 through 13 should 

theoretically equal the Lemont based diversion calculation.  A comparison of the sum of these 

three (3) columns to the calculated diversion (column 10) is presented in the discussion of 

Column 11 through Column 13. 

 

Column 1:  Chicago Sanitary and Ship Canal (CSSC) at Lemont, United States Geological 

Survey (USGS) AVM Gage Record.   

 The discharge at Lemont for WY09 was 3,267.3 cfs. 

 

Column 2:  Diversions from the CSSC above the Gage. 

 

As a result of the relocation of the measurement point from Romeoville to Lemont, there were no 

longer any diversions from the CSSC above the Gage. The value of column 2 was 0.0 for WY09. 

 



Lake Michigan Diversion 

Flow Measurements and Accounting Procedures 

 45 April  2014 
P:\Active\13033.00_USACE_7th_Tech_Com\LK Michigan Seventh TC 04072014.doc 

Column 3:  Total Flow through the CSSC. 

 

Column 3 is the sum of Columns 1 and 2 and represents the total flow entering the canal system.  

The average CSSC flow as 3,267.3 cfs for WY09. 

 

Column 4:  Groundwater Discharged to the CSSC and Adjoining Channels. 

 

Column 4 is groundwater pumpage by communities, industrial users, and other private users 

whose effluent is discharged to the CSSC. The groundwater pumpage data is reported by the 

Illinois State Water Survey (ISWS). Column 4 also includes the groundwater seepage into the 

TARP systems discharged to the CSSC. Column 4 is determined by summing all reported 

groundwater pumpages (with a consideration of consumptive use) tributary to the CSSC, along 

with the estimated groundwater seepage into the Mainstream and Des Plaines TARP (Budget 9) 

and Calumet TARP (Budget 11) systems. This total is then adjusted by subtracting the portion of 

groundwater present in the combined sewer overflows (CSO’s) discharged to the Des Plaines 

River and other watercourses not tributary to the CSSC. This groundwater would normally have 

been discharged to the canal via treated sewage effluent had a CSO event not occurred. This 

method prevents double accounting of the combined sewer overflow portion of the groundwater 

supply pumpage. 

 

Groundwater tributary to the canal is composed of 12.9 cfs of groundwater pumpage from the 

Lake Michigan watershed, 9.8 cfs of groundwater pumpage from outside of the Lake Michigan 

watershed, 26.7 cfs of groundwater seepage into the Mainstream and Des Plaines TARP systems, 

and 24.5 cfs of groundwater seepage into the Calumet TARP system. These values reflect the 

consumptive use factor of 10% as applied to both the groundwater pumpage from the Lake 

Michigan watershed and groundwater pumpage from outside of the Lake Michigan watershed. In 

most years, a small portion of this groundwater supply pumpage (normally tributary to CSSC) is 

determined, through simulation, to be discharged to the Des Plaines River and other watercourses 

not tributary to the CSSC in the form of CSO’s.  The groundwater portion of these CSO’s are 

then subtracted from the groundwater deduction of Column 4. The total of the above components, 

Column 4 is 73.9 cfs and represents a deduction from the Lemont record. This flow is an increase 

of 5.2 cfs from WY08. 

 

Column 5:  Water Supply Pumpage from Indiana Reaching the CSSC. 

 

Column 5 represents the computation of Indiana water supply reaching the canal through the 

Grand Calumet and Little Calumet Rivers. In the case of the Little Calumet River, a drainage 

divide exists east of the confluence with Hart Ditch. Therefore, flows from Hart Ditch, including 

virtually all dry weather flows, normally flow westward into Illinois. Under high flow conditions, 

the drainage divide may shift westward and a portion of the Hart Ditch flows may be diverted 

eastward to Burns Ditch and ultimately to Lake Michigan. However, it is believed that the 

occurrence in the shift in the drainage divide is infrequent and the flow that is diverted eastward 

is insignificant. Therefore, it is assumed that all effluent discharged into Hart Ditch and the Little 

Calumet River west of the divide flows westward.  For WY09, total flow in the Little Calumet 

River was 78.1 cfs with 8.5 cfs of that flow determined to be Indiana water supply (including a 

consideration of consumptive use). 

 

The equations below determine the percentage of flow from each treatment plant flowing west to 

the CSSC based on Lake Michigan water level: 

 

 For CCD < 0.3 ft 
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  Flow = 0.45 * HW 

 

 For CCD >= 0.3 ft and CCD < 1.5 ft 

  Flow = (0.22 * CCD
3
 – 0.15 * CCD

2
 + 0.06 * CCD + 0.45) * HW 

 

 For CCD >= 1.5 ft and CCD < 1.8 ft 

  Flow = HW + (CCD – 1.5)/0.3 * EC 

 

 For CCD > 1.8 ft 

  Flow = HW + EC 

 

Where CCD is the lake level in feet (Chicago City Datum) measured at Calumet Harbor, HW is 

the daily combined water supply pumpage by Hammond and Whiting, and EC is the daily water 

supply pumpage by East Chicago.  Continued low lake levels in WY04 resulted in less water 

supply pumpage reaching the CSSC. 

 

The total Grand Calumet flow reaching Illinois in WY09 was measured as 11.6 cfs.  Of that, 7.8 

cfs was determined to be water supply pumpage based on the above regression equations.  

Therefore, the total WY09 Indiana water supply deduction, including the flow from the Little 

Calumet and Grand Calumet Rivers is 16.3 cfs.  This flow is 1.1 cfs more than the Indiana water 

supply deduction for WY08. 

 

Column 6:  Runoff from the Des Plaines River Watershed Reaching the CSSC. 

 

The WY09 average discharge of Des Plaines River watershed runoff reaching the canal (Column 

6) is 279.0 cfs. This deduction is determined almost entirely through simulation. The runoff is 

composed of two elements, surface runoff and subsurface runoff. Surface runoff that enters 

sewers is referred to as inflow, while subsurface runoff is referred to as infiltration. The 

infiltration and inflow from the Des Plaines River watershed discharged to water reclamation 

plants tributary to the CSSC is 161.08 cfs, the infiltration and inflow reaching the canal through 

CSO’s is 13.9 cfs and the runoff from the Lower Des Plaines and Summit Conduit areas is 103.9 

cfs. The deduction is also influenced by the O'Hare basin flow transfer that contributed 3.49 cfs 

of the 161.08 cfs of runoff to the water reclamation facilities during WY09. The deductible Des 

Plaines River watershed runoff increased 27.5 cfs from WY08 to WY09.  

 

Column 7:  Lake Michigan Pumpage by Federal Facilities Which Discharge to the CSSC. 

 

Column 7 represents Lake Michigan diversions for Federal use, not chargeable to the State of 

Illinois, and is typically comprised of water supply pumpage used by federal facilities. Beginning 

in WY97 a 10% consumptive use factor was applied to this water supply component. Pumpage by 

federal facilities in WY06 includes the following sources:  

 

 Hines VA Hospital  

 Fort Sheridan  

 USACE emergency navigation makeup water  

 

The city of Highland Park confirmed that the amount of water wholesaled to Fort Sheridan as 

reported in LMO-3 was strictly used by the federal facility. Therefore, the full amount was 

included in Column 7 computations. 
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Note that the emergency navigation makeup water is used by a very rare flood event. Like many 

other years there is no USACE emergency navigation makeup water use in WY09. Great Lakes 

Naval Base is a primary diverter of Lake Michigan water; however, the pumpage is not counted 

in Column 7 as a deduction. This is because the sewage from Great Lakes Naval Base is 

processed at NSSD – Gurnee WRP and the effluent is discharged to Des Plaines River (i.e., 

downstream of Lockport and bypass the Lemont AVM). Column 7 represents a deduction from 

the Lemont record and the total amount of the Wy09 deduction is 0.6 cfs. 

 

Column 8:  Total Deductions from the CSSC Lemont Gage Record. 

 

Column 8 is the sum of Columns 4, 5, 6, and 7 and represents the total deduction from the 

Lemont record.  The total deduction for WY09 is 369.8 cfs. 

 

Column 9:  Lake Michigan Pumpage Not Discharged to the CSSC. 

 

This column represents water supply pumpage from Lake Michigan that is not discharged to the 

canal. The water supply pumpage not discharged to the canal is composed of two components:  

 

o Lake Michigan water supply used by communities serviced by water reclamation 

facilities that do not discharge to the CSSC (237.5 cfs). This flow decreased 4.1  cfs from 

WY08.  

 

o The Lake Michigan domestic water supply portion of CSO’s bypassing the AVM from 

areas whose water reclamation facility discharge to the CSSC or its tributaries (0.2 cfs).  

 

The communities that make up the flow in the first component are suburbs whose treated effluent 

is discharged to the Des Plaines River and other watercourses not tributary to the CSSC.  

Beginning in WY97 a 10% consumptive use factor was applied to the water supply of all of the 

following agencies and communities: 

 

 Northwest Suburban Joint Action Water Agency (NWJAWA) – Member communities 

include Elk Grove Village, Hanover Park, Hoffman Estates, Mount Prospect, Rolling 

Meadows, Schaumburg and Streamwood. 

 

 Northwest Water Commission – Member communities include Arlington Heights, 

Buffalo Grove, Palatine, Prospect Heights and Wheeling. 

 

 Central Lake County Joint Action Water Agency (CLCJAWA) – Member communities 

include Grayslake, Gurnee, Lake County Public Works Department (Vernon Hills and 

Wildwood-Gages Lake), Libertyville, Mundelein, Round Lake, Round Lake Park and 

Round Lake Beach. 

 

 Lake County Public Water District – Member communities include Illinois Beach State 

Park, Winthrop Harbor and Zion. 

 

 Du Page Water Commission – Member communities include Addison, Bensenville, 

Bloomingdale, Carol Stream, Citizen’s Utilities (Arrowhead, Country Club Highlands, 

Lombard Heights and Valley View), Clarendon Hills, Darien, Downers Grove, Elmhurst, 

Glen Ellyn, Glendale Heights, Hinsdale, Itasca, Lisle, Lombard, Naperville, Oak Brook, 
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Oak Brook Terrace, Roselle, Villa Park, Westmont, Wheaton, Willowbrook, Wood Dale, 

and Woodridge. 

 

 Riverwoods 

 

 Waukegan, Park City, Beach Park and Green Oaks 

 

The communities of North Chicago and Des Plaines are separated into the percentage of each 

community that is not tributary to the Chicago River System. 

 

 North Chicago – 68.4 percent 

 

 Des Plaines – 38.2 percent 

 

The communities of Lake Bluff, Knollwood-Roundout and Lake County – Bradley Road (who 

receive their water from CLCJAWA) are not included in Column 9, as they discharge their 

effluent into the Chicago River System. 

 

It should also be noted that the Lake Michigan water supply component of the O’Hare flow 

transfer is subtracted from the total Lake Michigan water supply of the above communities since: 

 

 The O’Hare flow transfer is treated at the Northside WRP which discharges sanitary 

effluent that is tributary to the CSSC. 

 

 The entire Lake Michigan water supply component of the O’Hare flow transfer is from 

communities contained in the above list.  

 

The Lake Michigan water supply for these communities is measured, while the sanitary portion of 

the CSO’s is derived through simulation.  Column 9 represents an addition to the Lemont record 

and the total WY08 addition is 237.7 cfs.  This flow is a decrease of 4.2 cfs from WY08 to 

WY09. 

 

Column 10: Total Diversion 

 

Column 10 is equivalent to Column 3 with the subtraction of Column 8 and the addition of 

Column 9. The total diversion for WY09 is 3,135 cfs.  This amount is 65 cfs less than Illinois’ 

long term diversion allocation of 3,200 cfs. The 40-year running average diversion, rounded to 

the nearest cfs, beginning with WY81, is 3,164 cfs and the cumulative deviation from the 3,200 

cfs allocation is 1,037 cfs.  The positive deviation indicates that the cumulative diversion is less 

than an average of 3,200 cfs for the period.  

 

Columns 11 through Column 13: Lake Michigan Diversion Components 

 

Columns 11 through 13 represent the three (3) Lake Michigan diversion components; Lake 

Michigan Pumpage Accountable to Illinois (Column 11), Runoff from the Diverted Lake 

Michigan Watershed (Column 12) and Direct Diversions through the Lakefront Structures 

(Column 13).  They do not affect the computed total diversion accountable to the State of Illinois 

(Column 10). However, the sum of the columns 11 through 13 should theoretically equal the total 

diversion as shown in Column 10.  Differences are expected because Column 12 is based on 

simulation and simple flow separation for the entire diverted watershed.  Therefore, the estimate 
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derived from the sum of Columns 11 through 13 is not expected to be as accurate as the Lemont 

AVM based calculations presented in Column 10. A description of Columns 11 through 13 

follows: 

 

Column 11 – Lake Michigan Pumpage Accountable to Illinois 

 

Column 11 computes the total pumpage from Lake Michigan accountable to the State of Illinois - 

which is simply the sum of the water supply for the communities receiving their water from Lake 

Michigan. Beginning in WY98 water supply provided by Hammond, IN to Calumet City and 

Burnham was included. Beginning in WY04 water supply provided by Munster, IN to Lynwood 

was also included. This computation does not include water supply to federal facilities. Beginning 

in WY97 Column 11 has attempted to account for consumptive use. The consumptive loss factor 

is estimated as 10% of the water supply pumpage (International Joint Commission, 1981), and 

accounts for the water supply pumpage that is consumed or lost prior to reaching the water 

reclamation facilities. The application of the consumptive use factor, beginning in WY97, is more 

in keeping with the Supreme Court Decree and should help facilitate a better comparison between 

Column 10 and the sum of Columns 11 through 13.  

 

The total Lake Michigan pumpage accountable to Illinois in WY07, inclusive of the 10% 

consumptive use, was 1,307.1 cfs. Water supply from Lake Michigan decreased 34.4 cfs from 

WY08 to WY09. 

 

Column 12 – Runoff from the Diverted Lake Michigan Watershed 

 

Column 12 computes the runoff from the diverted Lake Michigan watershed. Stormwater runoff 

that previously drained to Lake Michigan through the Chicago River and the Calumet River now 

drains to the Chicago Sanitary and Ship Canal (CSSC) and the Calumet Sag Channel, 

respectively. The Calumet Sag Channel drains to the CSSC, and the CSSC ultimately drains into 

the Illinois River and the Mississippi River. The drainage area of the diverted Lake Michigan 

watershed is approximately 673 square miles. The runoff from the diverted Lake Michigan 

watershed is accountable to the State of Illinois and is made up of several components including; 

gaged runoff, ungaged runoff, inflow and infiltration captured at the treatment plants, inflow and 

infiltration captured by TARP and inflow and infiltration contained in combined sewer overflows.  

 

The total runoff from the diverted Lake Michigan watershed was 1,215.9 cfs in WY09; this was 

an increase of 70.6 cfs between WY08 and WY09. This increase is contrary to the total annual 

precipitation in the diverted watershed in WY 09 (40.85 inches) than that in WY 08 (43.44 

inches). 

 

Column 13 – Direct Diversion through the Lakefront Structures 

 

Direct diversions occur at three lakefront locations; the Chicago River Controlling Works 

(CRCW), the O'Brien Lock and Dam, and the Wilmette Controlling Works. These controlling 

structures are located downtown, at the south end, and at the north end of the Chicago area, 

respectively. The direct diversion at CRCW and O’Brien Lock and Dam consists of four 

components; lockage, leakage, discretionary flow, and navigation makeup flow.  The lockage 

component is the flow used in locking vessels to and from the lake. The leakage component is 

water estimated to pass, in an uncontrolled way, through or around the three lakefront structures. 

The purpose of the discretionary diversion is to dilute effluent from sewage discharges and 

improve water quality in the canal system. Navigation makeup water is made up of two parts.  

When large storms are forecast, the canal is drawn down before the storm to prevent flooding – 



Lake Michigan Diversion 

Flow Measurements and Accounting Procedures 

 50 April  2014 
P:\Active\13033.00_USACE_7th_Tech_Com\LK Michigan Seventh TC 04072014.doc 

navigation makeup water is used during this draw down period to maintain navigation depths.  If 

the runoff is not enough to refill the canal, additional navigation makeup water is passed. 

 

Based on USGS AVM flow measurements at Columbus Drive, one mile west of the Chicago 

River Controlling Works, and MWRDGC computed direct diversion reported in LMO-6 at 

O’Brien Lock and Dam and Wilmette Pumping Station, the total direct diversion through the 

three lakefront structures was 381.6 cfs in WY09. Direct diversions increased 17.0 cfs between 

WY08 and WY09. 

 

Sum of Columns 11 through 13 

 

The sum of the columns 11 through 13 (2,904.6 cfs) should theoretically equal the total diversion 

as shown in Column 10 (3,135.2 cfs).  Because Column 12 is based on simulation and simple 

flow separation, the estimate derived from the sum of Columns 11 through 13 is not expected to 

be as accurate as the Lemont AVM based calculations.  A difference between estimates of 230.6 

cfs or 7.4% is considered a reasonably good balance. 

 

Using the figures from these three (3) columns, 45.0% of the WY09 Illinois diversion is 

attributable to pumpage from Lake Michigan for domestic water supply, runoff from the diverted 

Lake Michigan Watershed accounted for 41.9% of the diversion, and direct diversion through the 

lakefront structures accounted for 13.1% of the diversion.  A more detailed breakdown of these 

percentages is shown in Table 3.1. 

 
3.2 DESCRIPTION OF COMPUTATIONAL WATER BUDGETS 

 

The first two budgets (Budgets 1 and 2) are used to sum the diverted water supply. The next four 

budgets (Budgets 3 through 6) are of stream gage sites that are not simulated and are used as part 

of the calculation of the runoff from the diverted Lake Michigan watershed. The next seven 

budgets (Budgets 7 through 13) compare measured and simulated flows and compute Column 

inputs used in the diversion computations. The next two budgets (Budgets A and B) compare 

measured and simulated flows at two pumping stations. The final budget (Budget 14) is a canal 

balance of total inflows and outflows. These sixteen budgets are listed in Table 3.1. 

 

3.3 WATERSHED FLOW DIAGRAMS 

 

The accounting procedures would be easier to communicate to the Parties if a more thorough description 

were provided for each watershed that contributes to the CSSC, including a mass balance and a flow 

diagram. Discussions of the Seventh Technical Committee with the Chicago District regarding flow 

diagrams identified a number of issues, the details of which are buried in the documentation. It had been 

difficult for the committee members to put these details into context. Some of the issues encountered by 

the Seventh Technical Committee are discussed below. 

 

Each watershed has inflows and outflow. Except for changes in storage, these should be equal, creating a 

mass balance. Figure 3.1 shows a flow diagram for a Watershed, which influences Lake Michigan 

Diversion Accounting. Sometimes the watershed is entirely within the Lake Michigan Diverted 

Watershed Area, sometimes it is outside of the diverted watershed, and sometimes it spans both types of 

watershed. 
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Table 3-3:  Description of the diversion accounting computational water budgets 
Budget 

Number 
Title Description 

1 Diverted Lake 

Michigan 

Pumpage 

This budget sums the Lake Michigan water diverted by the State of Illinois in the 

form of industrial and municipal water supply.  The results of this budget are used 

in Column 11. 

2 Groundwater 

Discharged to the 

CSSC 

This budget sums groundwater pumpages that are discharged to the CSSC.  The 

results of this budget are used in Column 4. 

3 North Branch 

Chicago River at 

Niles, IL 

This budget performs a simple separation of stream flow into sanitary and runoff 

portions.  The results of this budget are used in Budget 14 and Column 12. 

4 Little Calumet 

River at the IL-IN 

State Line 

This budget performs a simple separation of stream flow into sanitary and runoff 

portions.  The results of this budget are used in Budget 14 and Column 12. 

5 Thorn Creek at 

Thornton, IL 

This budget performs a simple separation of stream flow into sanitary and runoff 

portions.  The results of this budget are used in Budget 14 and Column 12. 

6 Little Calumet 

River at South 

Holland, IL 

This budget performs a simple separation of stream flow into sanitary and runoff 

portions.  The results of this budget are used in Budget 14 and Column 12. 

7 MWRDGC North 

Side Water 

Reclamation Plant 

This budget performs hydrologic and hydraulic simulation of the service basin 

tributary to the MWRDGC North Side Water Reclamation Plant.  The simulation 

estimates the runoff from portions of the Lake Michigan and Des Plaines River 

watershed within the North Side service basin that is diverted to the CSSC in the 

form of inflow-infiltration.  The budget provides an internal verification of the 

accounting procedures.  The results of this budget are used in Budget 14 and 

Columns 6 and 12. 

8 Upper Des Plaines 

Pumping Station 

This budget performs hydrologic and hydraulic simulation of the MWRDGC 

Upper Des Plaines Pumping Station.  This budget provides a calibration point to 

verify models of the Des Plaines River watershed. 

9 MWRDGC 

Mainstream 

TARP Pumping 

Station 

This budget performs hydrologic and hydraulic simulation of the MWRDGC 

Mainstream TARP Pumping Station including flow from the Des Plaines TARP 

tunnels.  The results of this simulation are used in Budgets 10 and 14 and 

Columns 4, 6, and 12.  The budget also provides internal verification of the 

accounting procedures. 

10 MWRDGC 

Stickney Water 

Reclamation Plant 

This budget performs hydrologic and hydraulic simulation of the service basin 

tributary to the MWRDGC Stickney Water Reclamation Plant.  The simulation 

estimates the runoff from portions of the Lake Michigan and Des Plaines River 

watersheds within the Stickney service basin that is diverted to the CSSC in the 

form of inflow-infiltration.  The budget provides an internal verification of the 

accounting procedures.  The results of this budget are used in Budget 14 and 

Columns 6 and 12. 

11 MWRDGC 

Calumet TARP 

Pumping Station 

This budget performs hydrologic and hydraulic simulations of the MWRDGC 

Calumet TARP Pumping Station.  The results of this simulation are used in 

Budgets 12 and 14 and Columns 4, 6, and 12.  The budget also provides internal 

verification of the accounting procedures. 
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Figure 3-1:  Watershed Flow Diagram. 

 

The main inputs to each watershed are Lake Michigan inflow, groundwater pumping, and rainwater. 

Outflows include consumptive use, runoff, and rainwater retention. Some of the outflows are included in 

the accounting as Lake Michigan water, while some are not. Some of the outflows enter the CSSC. The 

columns used in the water budgets are used to separate water into these various categories, as described in 

Table 3.4.  

 

Table 3-4. Categories of water considered in the Lake Michigan Diversion Accounting. 

 Lake Michigan Water 

(Including: Water originating in Lake 

Michigan or Water that would have 

naturally run off to Lake Michigan) 

“Other” Water  

(Including: groundwater, runoff from 

Indiana or Des Plaines watersheds, Lake 

Michigan water pumped by Indiana) 

Water that flows 

into the CSSC 

This water is measured at the Lemont 

Gauging Station (Column 1), except 

for a small amount taken from the 

canal upstream of Lemont (Column 2) 

This water is a subtraction from the water 

measured at Lemont. (Column 4 through 

Column 7, which equals Column 8) 

Water that does not 

flow into the CSSC 

This water is an addition to the water 

measured at Lemont. (Column 9) 

This water is not measured. 

 

Runoff occurs from all three inflow sources. The outflow volumes (in terms of average annual discharge) 

are determined for each watershed in one of two ways;  

1) From a model of the hydrologic process (e.g., HSPF)  

2) From direct measurement at a gauging station.     

The gauged watersheds discharge into the CSSC more or less directly. For accounting purposes, this 

discharge is divided into several components;  

1) Additions to Accounting (Column 2 and Column 9)   
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2) Subtractions from Accounting (Column 4 through Column 7 which sum to Column 8)  

3) Items that are included in the measurement at Lemont (Column 1), and thus are not separately 

used in the Accounting. 

The drainage system for the area considered for Lake Michigan Diversion Accounting is complex, such 

that the runoff from individual watersheds cannot be measured directly. Several hydraulic model of this 

system, including sewers, tunnels and reservoirs, are used. The runoff water can flow directly to a water 

reclamation plant, flow into a tunnel, discharged directly into the CSSC, or discharge into the Des Plaines 

River. The last two represent combined sewer overflows CSO. Without these overflows, all of the runoff 

would enter a water reclamation plant and be measured when it is discharged into the CSSC. The TNET 

model is used to determine how much water is discharged to the water reclamation plant, and the TNET 

model is used to determine how much water flows into the tunnel and how much is CSO, how much is 

discharged to the water reclamation plants, and how much is CSO. 

 

Much of the complexity of the Accounting process deals with dividing the watershed runoff into 

appropriate columns. The “Budgets” are the mechanism by which the runoff is divided among the 

Accounting Columns. Each budget represents a physical location where flow rates into the CSSC are 

measured. As a check of the runoff calculations, the measured value at those locations is compared to the 

simulated value.  

 

Recorded flows that enter the CSSC and Simulated flows at those same locations are determined as a 

check to the estimate of total runoff, the inflow, and the distribution of runoff among the various facilities. 

Errors in runoff calculations, errors in inflow, and errors in the calculation of CSO flow can result in 

differences in Recorded and Simulated values (and S/R ratio). Unfortunately, many of these budgets 

represent a mix of flows from different watersheds. Thus the accounting procedure does not track 

individual watersheds very cleanly. 

 

In the Accounting process, the inputs (Rainfall, Groundwater, and Lake Michigan Water) are treated 

differently in different watersheds. For most watersheds, the inputs have to be separated to determine the 

Budget and thus arrive at the correct Accounting. In some cases, for example Indiana Watersheds, Lake 

Michigan Water, and groundwater are treated the same in the accounting process, so no distinction needs 

to be made between these quantities. But in most cases, this does not occur. 

 

Because of the major differences in the process by which accounting is done for each contributing 

watershed area considered in the accounting, the Seventh Committee struggled with fully understanding 

the accounting procedure details. In some cases, these are well defined watersheds, while in others the 

sewers and drainage systems cause the effective runoff area to be different. For example, some of the 

sewers that lie in the Des Plaines Watershed actually flow to the Lake Michigan Watershed and discharge 

into the CSSC. In this area for example, combined sewer overflows discharge into the Des Plaines River. 

Here modeling plays an important role, since the rainfall runoff from this watershed that stays in the 

sewer is a subtraction in the accounting. Figure 3.2 shows an example of a watershed map that was 

developed by the Chicago District during discussion with the Seventh Technical Committee. Such maps 

with more detail would be useful for future Committees review. 
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Figure 3-2: Stickney Watershed (in green). 

 

The inputs to the watershed models should be clearly delineated, and separated out for each watershed. 

The key inputs to these models are rainfall and water supply, which includes groundwater and Lake 

Michigan Water. The water supply input is described in Section 5.3.1 of the Lake Michigan Diversion 

Accounting Manual of Procedures. A per capital water use rate is determined based on the water supply. 

In the reports, “Baseflow Matching” is used to adjust these estimates, but no numbers are reported. The 

rate/volume of water pumped from Lake Michigan is measured, and has been declining (per capita) in 

recent years. This should be observable from Baseflow Matching during periods of little rain, but such a 

comparison is not provided in the reports. It is also not clear how groundwater pumping is included in 

these estimates of water supply. 

 

3.4 UNCERTAINTY ANALYSIS 

 

The Fifth Technical Committee provided information on the uncertainty of discharge estimates. This was 

useful in evaluating the current state of the accounting process. The Fifth Committee also provided 

recommendation on improvements to measurement that would improve the accuracy of flow rate 

estimates at several locations for the Lakefront Accounting. The Fifth Technical Committee concluded 

that the Lake Front Accounting Method was nearly as accurate as the official accounting method. 

Between the Fifth and Sixth Committee Reports, the Lakefront Accounting Method as an alternative 
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accounting method was discontinued. Thus the Sixth Technical Committee did not consider these flow 

measurement issues and did not discuss the uncertainty in Lake Michigan Lakefront Accounting.  

 

The existing accounting procedure uses a “Verification Method”, the sum of columns 11 through 13, as a 

check on the Official Lake Michigan Accounting Method. The Chicago Office of the Corps of Engineers 

believes that this method is not as accurate as the official method. Even so, the “Verification Method” is 

very similar to the Lakefront Accounting Method. And although the accuracy may not be as great, it does 

provide an important check.  

 

Statistically, if there are two independent estimates of a quantity, a better estimate of the true value of the 

quantity can be obtained by combining the two estimates. The expected value will fall between the two 

means and the standard deviation (uncertainty) will be reduced. This is shown in Figure 3.3, where the 

estimate of the average Lake Michigan diversion flow rate is shown with its probability based on the 

uncertainty of measurements. Also shown is the probability of the verification measurement. This curve 

has a different expected value and a wider uncertainty. By combining these two estimates, the new 

expected value falls between the two estimates, and this new combined estimate has less uncertainty. 
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Figure 3-3:  Result from combining the Official Accounting estimate of Lake Michigan Water Diversion 

with the Verification method. 

 

The Chicago District, Army Corps of Engineers, should explore the possibility of including the 

“Verification Method” with the current accounting method to provide a better estimate of Lake Michigan 

Diversions.  It is recognized that this would require agreement by the parties involved and changes to the 

official method prescribed by the Supreme Court Decree.  So any change may take a long time.  One 

drawback to this approach is that the measurements in the verification method are not all under the 

control of the USACE, so improvements in measurements would have to be made by others.  As 

discharge measurements in the Decree Accounting are improved, this approach may no longer be useful. 

 

The above method for combining uncertainty requires that the estimates by the two methods are 

independent. The current uncertainty analysis is not sufficiently detailed to verify that these estimates are 

truly independent. For example, many uncertainties for minor quantities were just given rough estimates 
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by the Fifth Technical Committee, rather than evaluating the accuracy of the input quantities and model 

results. A more detailed error analysis may be required to evaluate the uncertainty of Lake Michigan 

Diversion Accounting to combine the official accounting method with the verification method. A careful 

analysis of the impact of uncertain inputs would be required for various models to determine the impact 

of the uncertainty of an input quantity on the resulting accounting result. 

 

If the “Verification Method” becomes part of the accounting procedures, then the accuracy concerns with 

the Lakefront Accounting should be re-examined since the accuracy will have an impact on the 

verification accounting. These are included in Table 3.4. These items were not addressed by the Sixth 

Technical Committee because Lakefront accounting was discontinued. 

 

Table 3-5. Item identified in Fifth Technical Committee Report, but not addressed by Sixth Committee. 
Number Fifth Technical Committee Recommendations and Findings Status of 

Recommendation 

5.26 The City of Chicago Lakeview Pumping Station’s east and west venturi meters 

are oversized, and the range of pressure sensors at the Highland Park Water 

Treatment Plant are greater than needed. 

These factors contribute to an estimated uncertainty in annual flow records of ± 

27 percent and ±32 percent, respectively. 

Not cited in Sixth 

Committee Report. 

5.27 Independent flow-measurement systems are lacking for 35 percent of WY 2000 

annual Lake Michigan withdrawal. 

Not cited in Sixth 

Committee Report. 

5.28 The Fifth Technical Committee concurs with and reiterates the recommendations 

of the Fourth Technical Committee and the contractor who evaluated the 

pumping stations and water treatment plants that the venturi meters (a) should be 

calibrated to establish if manufacturers’ rating curves are correct and (b) should 

be physically removed so that inlet and throat dimensions can be measured and 

inspected for physical deterioration. This might be done by partitioning the 

facilities into three groups based on annual pumping and then randomly 

sampling 5 to 10 percent of the meters associated with the pumping reported 

within each group. 

Cited in Sixth 

Committee Report 

as comment 19 from 

Fifth Committee, but 

not addressed. 

5.41 The flow at the North Side and Calumet WRPs is measured by a series of 

Venturi meters, and, thus, the accuracy of these flows should be similar to the 

accuracy of the measured water supply withdrawals. The flow for the West Side 

portion of the Stickney WRP, also is measured by Venturi meters. However, the 

flow for the Southwest Side portion of the Stickney WRP is determined on the 

basis of the rated maximum flow for the pumps on this side of the plant. The 

West Side accounts for about 40 percent of the flow at Stickney and the 

Southwest Side accounts for about 60 percent of the flow at Stickney. Thus, for a 

typical year the Southwest Side of Stickney accounts for 35-40 percent of the 

total WRP flow to the CWS, and this value is biased high. The USACE should 

work with the MWRDGC to improve the flow rating for the Southwest Side of 

the Stickney WRP. Improved flow measurements at Stickney would improve the 

calibration/testing of the H&H models used in the diversion accounting. 

Not cited in Sixth 

Committee Report. 
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Continued - Table 3.5:  Description of the diversion accounting computational water budgets 

12 MWRDGC 

Calumet Water 

Reclamation Plant 

This budget performs hydrologic and hydraulic simulation of the service basin 

tributary to the MWRDGC Calumet Water Reclamation Plant.  The simulation 

estimates the runoff from portions of the Lake Michigan and Des Plaines River 

watersheds within the Calumet service basin that is diverted to the CSSC in the 

form of inflow-infiltration.  The budget provides an internal verification of the 

accounting procedures.  The results of this budget are used in Budget 14 and 

Columns 6 and 12. 

13 MWRDGC 

Lemont Water 

Reclamation Plant 

This budget performs hydrologic and hydraulic simulation of the service basin 

tributary to the MWRDGC Lemont Water Reclamation Plant.  The simulation 

estimates the runoff from portions of the Des Plaines River watershed within the 

Lemont service basin that is diverted to the CSSC in the form of inflow-

infiltration.  The budget provides an internal verification of the accounting 

procedures.  The results of this budget are used in Budget 14 and Column 6. 

14 Chicago Canal 

System 

This budget performs a water balance of the Chicago Waterway System which 

includes the CSSC and adjoining channels.  This budget provides a verification 

point for the accounting procedures. 

A/B North Branch and 

Racine Avenue 

Pumping Station 

These budgets perform water balance checks at the North Branch (Budget A) and 

Racine Avenue (Budget B) Pumping Stations, respectively. 
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4.0 HYDROLOGIC AND HYDRAULIC MODELS APPLIED TO 

DIVERSION ACCOUNTING 
 

In Lake Michigan Diversion Accounting, the hydrologic and hydraulic (H&H) models are directly used 

for two purposes: 

 

 To compute flow quantities used directly in the accounting process 

 To compute flow quantities used as a means of comparison to measured streamflows, in portions 

of the accounting process that are based directly on measured values 

 

The most significant modeled component is the runoff from the Des Plaines River watershed reaching the 

CSSC that must be deducted from the measured flow at Romeoville/Lemont (Column 6 of the Diversion 

Accounting Table).  The H&H models also are used to develop estimated groundwater infiltration into the 

TARP tunnels that must be deducted from the measured flow at Romeoville/Lemont (part of Column 4 of 

the Diversion Accounting Table).  Beginning in WY 1993, a hydraulic  model was used to  determine  the 

relation between Lake Michigan water level and Indiana water supply pumpage from Lake Michigan 

reaching Illinois through the  Grand  Calumet  River  (part  of  Column 5 of the  Diversion  Accounting  

Table).   An additional modeling component was initiated in WY 2008, which includes HEC-HMS and 

HEC-RAS to estimate spillover flows from the Des Plaines River to the CSSC.  These spillover events 

are infrequent, and are considered a deduction (part of Column 6 of the Diversion Accounting Table). 

Finally, the H&H models are used  to compute runoff  from  the  diverted Lake  Michigan  watershed 

(Column 12 of the Diversion Accounting Table) and from the “ungaged” Calumet  Watershed, lower Des  

Plaines  River Watershed, and combined sewer overflows reaching the CSSC  (Budget  14) as checks of 

the overall Romeoville/Lemont Accounting procedure.  

 

The  average values of simulated Des Plaines River watershed runoff (from  1983-2011) and TARP 

groundwater inflow (from 1986-2011) are 193.5 and 59.4 cfs, respectively, which together compose 8.0 

percent of the total diversion of 3,144.1cfs or 7.7 percent of the total flow measured at 

Romeoville/Lemont of 3,279cfs (both averages for 1983-2011).  At first glance, this might seem to be a 

fairly small portion of the diversion accounting.  However, it should be noted that the combined 2000 

water supply withdrawals of Arlington Heights, Bedford Park, Des Plaines, Evanston, Glenview, 

Naperville, Schaumburg, Skokie, and Waukegan was less than the average annual Des Plaines River 

watershed runoff (142.7 cfs vs. 193.5cfs), and that the 2000 water supply withdrawal for Evanston was 

14.9 cfs.  Errors in the H&H models easily could be of the magnitude of the water supply for a city of 

70,000 people.  Thus, the model-estimated portion of the Romeoville/Lemont Accounting may be 

relatively small, but it still is important. 

 

In the following sections the basic features of the modeling and their application are described, and 

assessed with respect to the Supreme Court’s requirement that the diversion accounting be done according 

to the “best engineering practice and scientific knowledge”.  Additionally, suggestions are made for the 

improved application of the models, and issues needing further study are identified. 

 

4.1 MODEL BACKGROUND 

 

The USACE, Chicago District, has developed a sophisticated, system of three hydrologic and hydraulic 

models for the majority of the directly computed portions of the diverted flow and for indirect checking of 

the diversion accounting procedures.  These models are the Hydrological Simulation Program-Fortran 

(HSPF), which is used to compute the surface and subsurface runoff from the watersheds on a continuous 

basis, Special Contributing Area Loading Program (SCALP), which is used to route combined and 
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separate sanitary sewer flows to the Water Reclamation Plants (WRPs) and to  determine  flows to the 

TARP  tunnels  and  overflows  to  the  rivers  and  canals,  and Tunnel NETwork (TNET) model, which 

is used to model the flow through the TARP tunnels, and, thus, also affects the amount of combined 

sewer overflows.  Starting with the WY2008 accounting, an additional modeling component has been 

added to simulate the spillover of flows from the Des Plaines River to the CSSC.  The spillover events 

occur once every few years although more frequent in recent years, and are computed using TNET and 

HEC-HMS for the hydrologic inputs, and HEC-RAS to simulate the hydraulics.   

 

 The HSPF and SCALP models have their roots in models  (Hydrocomp Simulation Program, HSP,  and 

SCALP) developed by Hydrocomp, Inc.  For the Northeastern Illinois Planning Commission (NIPC) for 

use in the Areawide Clean Water Planning program under Section 208 of the Federal Water Pollution 

Control Act Amendments of 1972.  These models were subsequently revised by NIPC for use in diversion 

accounting, and the diversion accounting models have been revised  and  improved  by  the  USACE  and  

its  contractors  in  response to changes and improvements in the available data and changes to the 

physical drainage system. 

 

The most significant changes to the physical drainage system have been the addition of the Mainstream  

TARP  tunnels in 1985, the Calumet TARP tunnels in 1986, and the Des Plaines TARP tunnels in 1993.  

Each of these systems has expanded since the tunnels first became operational, and all these tunnel 

systems are now complete.   To simulate the flow into and through the tunnel system the USACE 

developed the TNET model for the design and operational planning of the tunnel and reservoir system.  

 

Among the three main models—HSPF, SCALP, and TNET—the accuracy of the HSPF model is much 

more important to the diversion computations than the other two models.  HSPF determines the amount of 

total runoff resulting from rainfall, whereas SCALP and TNET determine the amount of this total runoff 

and sewage flow that directly reach the Chicago WaterwaySystem (CWS) or the Des Plaines River as 

combined sewer overflows (CSOs).  Since overflows to the CWS are measured at Romeoville/Lemont the 

only components of the diversion computation affected by SCALP and TNET are the amount of CSOs 

from the Des Plaines River watershed draining to the CWS, and  proportion  of storm runoff flows  versus  

storm  runoff  flows versus water supply return in the interceptors  from  the  Des Plaines River watershed 

draining to the WRPs in the CWS drainage area.  TNET computations also determine the groundwater 

infiltration to the TARP tunnels.  Thus, the modeling discussion will focus on the accuracy and proper 

application of HSPF. 

 

4.2 ASSESSMENT OF BEST CURRENT ENGINEERING PRACTICE AND SCIENTIFIC 

KNOWLEDGE 

 

The following three subsections summarize the capabilities of the three primary modeling tools used in 

the diversion accounting process.  The capabilities of the models have not changed substantially since the 

review by the previous technical committees, but the appropriateness of the continued use has been 

reviewed by the current committee. 

 

4.2.1 Hydrological Simulation Program-Fortran (HSPF) 

 

The HSPF model (Bicknell et al., 1997) is supported by the U.S. Environmental Protection Agency and 

the U.S. Geological Survey (USGS).  The original DOS-based version is still supported, and an additional 

GUI-based version is now being distributed, and has been incorporated into GIS model development 

platforms.  It has been applied for the solution of many hydrologic and water-quality problems across the 

U.S. including urban stormwater and floodplain management.  Many of its applications are cited in the 

discussion of HSPF in the following sections.  Its status as a “state of the art” model for the continuous 

simulation of the rainfall-runoff process is evidenced by its support by two Federal agencies and its many 
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applications nationwide.  The Fifth and Sixth Technical Committees conclusions included proper 

application of HSPF in the diversion accounting would meet the Supreme Court’s requirement that the 

diversion accounting be done according to the “best current engineering practice and scientific 

knowledge.”   The Seventh Technical Committee concurs with this conclusion. 

 

4.2.2 Special Contributing Area Loading Program (SCALP) 

 

The SCALP model is a specialty model primarily developed for use in the Chicago area.  SCALP applies 

the linear reservoir concept to represent storage in each of the aggregated lateral, submain, and main pipe 

networks of the combined (or separate sanitary) sewer system in a designated area draining to the CWS, 

known as a special contributing area (SCA).  A storage is defined for each of the three types of pipe, and 

flow is routed through each of the storages consecutively.  

 

The sanitary flow from an SCA is computed on the basis of the population in the SCA and is distributed 

in time on the basis of monthly, daily (Sunday-Saturday), and hourly coefficients that were set by 

examination of the recorded flow to the WRPs over the year and week (Hydrocomp, 1979, U.S. Army 

Corps of Engineers, 2001b).   Subsurface flow generated by HSPF enters the pipe system as infiltration if 

sufficient capacity is available.  Surface flow generated by HSPF enters the pipe system as inflow if 

sufficient capacity is available.  If sufficient capacity is not available, excess inflow and infiltration are 

“stored” at the entrance to the pipe (lateral, submain, or main) until capacity is available.    The capacity 

(Q MAX) for each aggregated pipe system represents the maximum outflow under surcharged conditions.  

SCALP keeps track of the relative percentages  of  sanitary,  infiltration,  and  surface  flows  reaching  

treatment  plants  and  in  CSOs, which  is  important  for  the  Diversion  Accounting,  e.g.,  CSOs  to  the  

Des  Plaines  River  may include Lake Michigan water supply pumpage return flow (wastewater).  

 

A simple cutoff rule is used to approximate the operation of hydraulic devices used to divert flow out of a 

combined sewer.  Any flow up to the cutoff level, SPLIT, is routed to the interceptor and treatment plant, 

while any excess over the cutoff is diverted toward the stream.  Values for SPLIT were  based  on  

calibration  of  interceptor  flows  to  the  WRPs,  particularly  when  matching  peak flows at the WRPs 

(Hydrocomp, 1979; Hey et al., 1980).  Whether this excess flow becomes an overflow to the CWS 

depends on the operation of TARP as simulated with TNET.  

 

From a hydraulic modeling viewpoint, there are many models that have similar capabilities.  Models such 

as Modeling of Urban Sewers (MOUSE) developed by the Danish Hydraulic Institute (http://www.mike-

by-dhi.com/) can provide more detailed simulation of the combined sewer and separate sewer systems.  

The  dynamic wave routing option in MOUSE, MOUSE HD, is founded on an implicit, finite difference 

numerical solution of the full dynamic wave equations (also  known as the Saint Venant equations)  for  

momentum  and  flow conservation in open channels and closed conduits (approximated as open channel 

flow using the Preissman slot technique).  Application of dynamic wave modeling to individual pipes is 

far more accurate than the linear reservoir routing through aggregated pipe systems done with SCALP.  

MOUSE has been applied to a number of large wastewater systems in the U.S. (e.g., it is used by the 

Milwaukee Metropolitan Sewerage District).  

 

Although SCALP does not include dynamic routing capabilities included in other sewer system models, it 

is adequate for the purpose of diversion accounting.  That is, complete hydraulic modeling is necessary 

for operation of a sewer system, for example, using real time control.   However, simplified models 

similar to SCALP frequently are used for design and planning of sewer systems and treatment plants.  For 

example, the KOSIM model (Harms and Kenter, 1987) developed by the Institute for Technisch-

WissenschaftlicheHydrologie in Hanover, Germany, is similar to SCALP.  Dry weather flows 

(wastewater flows) are determined on a per capita basis and distributed in time by coefficients.  

Infiltration is taken as a ratio to the dry weather flow determined from field measurements.  Inflow is 
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computed by a rainfall-runoff model that routes the inflow using a cascade of three identical linear 

reservoirs, and the flow is then routed through the sewer system using a hydrograph translation technique.  

Overflows are determined using the same approach as in SCALP.  The KOSIM model has been 

frequently applied for sewer design and management in Europe.  For example, it was applied to the 

modeling of the combined sewer system for the City of Brussels, Belgium, to aid in the design of two new 

wastewater treatment plants and the adjustment of CSOs (Demuynck and Bauwens, 1996).  There are 

other sewer system modeling systems widely used in the U.S, most notably EPA SWMM (EPA, 2013) 

but SCALP has 2 major advantages.  1) It “fits” well within the current system, especially with respect to 

data flow (HEC-DSS) and 2) its simulation capabilities are a good fit for the needs of the current system. 

The switch to SWMM would be a major overhaul, requiring significant effort and uncertainty of 

maintaining the current modeling performance. 

 

4.2.3 Tunnel Network (TNET) Model 

 

The TNET model solves the full dynamic wave equations for momentum and flow conservation (also  

known  as  the  Saint  Venant  equations)  in  open  channels  and  closed  conduits (approximated as open 

channels using the Preissman slot technique), to simulate the movement of flow in the TARP tunnels.  

Because TNET solves the full dynamic equations of motion it is a sophisticated hydraulic model.    The 

full dynamic equations of motion are based on the assumption of gradually varied flow for which use of a 

hydrostatic pressure distribution is valid.  However,  flows  in  the  TARP  tunnels  are  not  always  

gradually  varied.    For example, water-hammer type pressure waves resulting from the rapid closure of 

gates or switching off pumps in the TARP system yield rapidly varied flow for which use of a hydrostatic 

pressure distribution is not valid.  However, it should be noted that water hammer is rare because the 

TARP tunnels are seldom  pressurized  as  the  Metropolitan  Water  Reclamation  District  of  Greater  

Chicago (MWRDGC) closes the drop shaft sluice gates (except the uncontrolled drop shafts) much earlier 

than when the tunnels reach full capacity.  Further, the sudden influx of flow from the drop shafts also 

results in rapidly varied flow.    For versions prior to 2006, this  rapid  influx  has  made  it  necessary  to  

restrict  the simulated  drop  shaft  inflow  to  prevent  the  tunnel  from  pressurizing  too  rapidly  such  

that mathematical  instability  would  result  (Mead  and  Hunt,  2002).    The restriction on simulated 

inflows to the TARP tunnels is used to avoid computational “break downs” of the TNET model.  TNET 

also experienced computational instability at various times in the simulation and some of these can be 

solved by shortening the computational time step from 0.25 hours to 0.2, 0.1, or 0.05 hours (Mead and 

Hunt, 2002).  These instabilities also may result from rapidly varied flow in the TARP tunnels that are 

more easily approximated as gradually varied flow at short time steps. The TNET source code was 

modified slightly in 2006, which generally improved the numeric stability of the model.  The 

modification included the coding of dropshafts as small storage areas, producing a surge tower effect and 

mitigating some of the spurious numeric instabilities. 

 

TNET  primarily  was  developed  for  the  design  of  the  TARP  reservoirs,  and,  thus,  it  has 

hypothetical pump operation rules coded into it.  In the TNET model, the TARP pump station is modeled 

as a pumped diversion with 2 pumping levels from a small storage area that represents the wet well of the 

pump station (Burke, 1999).  Pump curves for high-head and low-head pumps are coded into the TNET 

source program wherein flow is given as a function of five different water levels in the wet well.  All 

pump units are switched on whenever the water level in the tunnels exceeds designated levels.  The 

simulated TARP pumpage is sometimes out of phase with the observed record.  This is likely the result of 

simulated pumpage occurring sooner and more frequently than actual pumpages in order to maintain 

computational stability during simulation (U.S. Army Corps of Engineers, 2004a).   

 

At the present time, the MWRDGC has entered into an agreement with the University of Illinois at  

Urbana-Champaign  to  develop  new  operational  models  for  the  TARP  tunnels.    These new models 

will be suitable for rapidly varied transient flow in the tunnels.  Section 4.5.6 reviews the progress on this 
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modeling project and the potential future use of these models in the diversion accounting.  At present, 

TNET is sufficient for its current use in the diversion accounting.  

 

4.2.4 Summary 

 

HSPF  is  a  “detailed conceptual”  model  for  continuous  simulation  of  the  rainfall-runoff  process.  

SCALP does not have the simulation capabilities of other storm sewer models but is appropriate and 

adequate for hydraulic modeling of flow through the combined and separate sanitary sewer systems.  As 

such, SCALP is consistent with models commonly used in design and evaluation of sewer systems and 

treatment plants.  TNET is a sophisticated hydraulic model of the TARP tunnels, but it assumes gradually 

varied flow, which is not always present in the tunnels leading to numerical instability and possible 

computational shut down.  Despite its limitations TNET still is adequate for use in diversion accounting 

particularly once its use is tested and modified (if necessary) as described in Section 4.5.5.   Thus, 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” if these models are properly applied to the Lake Michigan and Des Plaines River watersheds.   

As noted previously, HSPF is the most important model in the computation of diversion components.   

Thus, the following section carefully reviews the application of HSPF for use in the diversion accounting. 

 

It should be noted however, that although its simulation capabilities of HSPF, SCALP and TNET fully 

satisfy the needs for the LMDA modeling, the compatibility of their usage with future computer hardware 

and operating systems should be monitored. 

 

4.3 EVALUATION OF THE HYDROLOGICAL SIMULATION PROGRAM-FORTRAN 

(HSPF) APPLICATION TO DIVERSION ACCOUNTING 

 

HSPF is an advanced, physically based model  that approximates the land-surface portion of the 

hydrologic cycle by a series of interconnected water storages: an upper zone, a lower zone, and a ground-

water zone (Figure 4.1). The amounts of water in these storages and the flux of water between the 

storages and the stream or atmosphere are simulated on a continuous basis for a subarea of a given land 

cover and meteorological input (precipitation, potential evapotranspiration, temperature, solar radiation, 

cloud cover, wind speed, and dew point).  The fluxes of water between storages and to the stream or 

atmosphere are controlled by model parameters. The model parameters have physical meaning 

conceptually, some are physically measurable, but most must be determined by calibration.  The model 

parameters include threshold values, partition coefficients, and linear reservoir-release coefficients.  The 

definitions of the key rainfall-runoff and snowmelt parameters are listed in Table 4.1and Table 4.2, 

respectively. 

 

A distinction should be clearly drawn between the model parameters listed in Table 4.1 and Table 4.2 and 

watershed characteristics such as drainage area and percentages of the various land covers (directly 

connected impervious surfaces, grassland, and forest in the diversion accounting H&H models).  In a 

number of reports related to diversion accounting the adjustment or correction of the watershed 

characteristics has been referred to as “calibration.” However, in this “calibration” the rainfall-runoff and 

snowmelt parameters were not adjusted or changed at all.   Calibration normally is defined as the process 

of systematically adjusting the model parameters (Table 4.1 and Table 4.2) within physically reasonable 

ranges (if available) to reduce the difference between calculated and measured discharge.  
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Figure 4-1:  Schematic diagram of the Hydrological Simulation Program—Fortran model. 
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Table 4-1:  Hydrological Simulation Program-Fortran (HSPF) parameters used to simulate hydrology for 

pervious land segments (PERLND) and impervious land segments (IMPLND). 
Parameter Explanation   Function 

LZETP Lower zone evaporation.  An index value (ranging from 0 to 0.99) representing the 

density of deep rooted vegetation that can remove water from the lower zone.  

PERLND 

INFILT Infiltration capacity.  An index to the infiltration capacity of soils.  This parameter also 

affects percolation to the ground-water zone.  

PERLND 

INFEXP Exponent for the infiltration equation.  Controls the rate of infiltration decrease as a 

function of increasing soil moisture.  Default value of 2 used.  

PERLND 

INFILD Ratio of maximum to mean infiltration rate.  Default value of 2 used. PERLND 

INTFW Interflow index.  An index that controls the amount of infiltrated water that flows as 

shallow subsurface runoff. 

PERLND 

IRC Interflow recession coefficient.  An index for the rate of shallow subsurface flow. PERLND 

CEPSC Interception storage capacity   PERLND 

RETSC Retention storage capacity IMPLND 

LZSN Lower zone nominal storage.  The lower zone storage level at which half of the incoming 

infiltration enters the lower zone and half moves to groundwater.  The lower zone may 

be viewed as the entire soil from just below the surface down to the capillary fringe 

above the water table.  In practice the focus is on the transient portion of this storage, i.e. 

the volume which is emptied by evapotranspiration and refilled by infiltration.  Thus, 

values of LZSN do not necessarily reflect the total moisture storage capacity of the lower 

zone. 

PERLND 

UZSN Upper zone nominal storage.  An index to the amount of surface storage in depressions 

and the upper few inches of soil.  

PERLND 

BASETP Fraction of available potential-evapotranspiration demand that can be met from ground-

water outflow.  Simulates evapotranspiration from riparian vegetation.  Added in the 

1980s to simulate the effects of phreatophytes on the water balance.  Default value of 0 

used. 

PERLND 

AGWETP Fraction of available potential-evapotranspiration demand that can be met from stored 

groundwater.  

 

PERLND 

AGWRC Ground-water recession parameter.  An index of the rate at which groundwater drains 

from the land.  

 

PERLND 

KVARY Ground-water outflow modifier.  An index of how much effect recent recharge has on 

ground-water outflow.  

 

PERLND  

DEEPFR Fraction of groundwater that does not discharge to the surface water bodies within the 

boundaries of the modeled area.  

 

PERLND 

LSUR Average length of the overland flow plane PERLND

/   

IMPLND 

SLSUR Average slope of the overland flow plane   PERLND

/   

IMPLND  

NSUR Average roughness of the overland flow plane   PERLND

/   

IMPLND  
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Table 4-2:  Hydrological Simulation Program-Fortran (HSPF) parameters used to simulate snowmelt. 
Parameter Description 

CCFACT A parameter that adapts the snow condensation/convection melt equation to field conditions. 

SNOWCF The factor by which the input precipitation data will be multiplied, if the simulation indicates it is 

snowfall, to account for the poor catch efficiency of the gage under snow conditions. 

RDCSN The density of cold, new snow relative to water.  This value applies to snow falling at air 

temperatures lower than or equal to 0° F. At higher temperatures the density of snow is adjusted. 

SHADE The fraction of the pervious or impervious land segment that is shaded from solar radiation, e.g., 

by trees. 

MGMELT The maximum rate of snowmelt by ground heat, in depth of water per day.  This is the value that 

applies when the pack temperature is at the freezing point. 

MWATER The maximum content of the snow pack, in depth of water per depth of water. 

COVIND The maximum snowpack (water equivalent) at which the pervious or impervious land segment 

will be covered with snow. 

SNOEVP   A parameter that adapts the snow evaporation (sublimation) equation to field conditions. 

TSNOW The air temperature below which precipitation will be snow under saturated conditions. Under 

non- saturated conditions the temperature is adjusted slightly. 

 

The HSPF model parameters HAVE NEVER BEEN CALIBRATED FOR THE AREAS TO WHICH 

HSPF IS APPLIED FOR DIVERSION ACCOUNTING.   Emphasis is added to the foregoing statement 

because many reviewers of the diversion accounting procedures assume the models have been calibrated 

for the areas to which HSPF is applied for diversion accounting. For example, see the comments of the 

State of Illinois, State of New York, and the Hydrologic Engineering Center on the Lake Michigan 

Diversion Accounting Lakefront Accounting Technical Analysis (U.S. Army Corps of Engineers, 1996). 

There are two reasons why HSPF was never calibrated for the watersheds whose flow is simulated for 

diversion accounting.  First, many of the areas simulated with HSPF for the diversion accounting are 

ungaged or poorly gaged, such as the “ungaged” Calumet River watershed, the Des Plaines River 

watershed, and combined sewer overflows in the Lake Michigan watershed.   Calibration cannot be done 

without gaged flows. Second, whereas gaged flows are available for the drainage basins for the WRPs, 

flow source uncertainties make calibration difficult.  Thus, the recent recalibration of HSPF and SCALP 

by CTE (2003a-c) that focused on matching WRP flows still does not achieve the normal standard for a 

good calibration because of limitations in the measured data as described in the following discussion. 

 

In their review of the original diversion accounting models, the U.S. Army Corps of Engineers 

Hydrologic Engineering Center (1986, p. 5-1) stated the following with regard to the Stickney WRP, but 

the statement also is true for the other WRPs: 

 

“approximately 80 percent of the influent to the plant is sanitary flow.  The component of 

flow at the plant that is derived from storm runoff cannot be determined accurately 

because the sanitary portion of the flow is not precisely known, but must be based on 

assumptions regarding the proportion of water supply that is returned as wastewater. 

Hence, the basis for calibration, the “measured” storm runoff, is itself subject to 

substantial uncertainty.  For these reasons, the LANDS parameters for the contributing 

drainage areas at treatment plants are based primarily on adopting values that were 

previously calibrated for the stream gages in the North Branch and Little Calumet 

basins.” 
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(Note: LANDS is the name of the pervious surface runoff subroutine in HSP, a predecessor of HSPF.)  

The Second Technical Committee (Espey et al., 1987) described this issue even more clearly (statement 

in italics added): 

 

“Since more than 80 percent of the total simulated flow to the treatment plants is sanitary 

flow, the estimation of influent is highly sensitive to return flow (consumptive use) 

assumptions and relatively insensitive to the infiltration and inflow parameters.” 

 

The return flow/consumptive use assumption was that 90 percent of the water supply for the WRP 

drainage basin returns to the WRP as wastewater flow.  This flow then was divided by the population of 

the drainage basin to determine the per capita wastewater flow used in SCALP. This return 

flow/consumptive use assumption was revised in the recent recalibration of HSPF and SCALP (CTE, 

2003a-c). 

 

Since, in general, the HSPF  model  parameters need to be calibrated  before HSPF can be effectively  

used,  the  criteria include the  transfer of HSPF model parameters  from  nearby calibrated watersheds  

consistent  with  the “best  current engineering practice and scientific knowledge”, and the proper transfer 

of the parameters for the subwatersheds in the HSPF model.  These criteria are addressed in the following 

subsections. 

 

4.3.1 Validity of Model Parameter Transfer 

 

Because past research found that relations between measurable soil properties and HSPF parameters are 

difficult to develop and apply, an alternative approach for simulation of runoff for ungaged watersheds 

has been investigated, and subsequently implemented in the development of the input data sets used in the 

HSPF models for diversion accounting.   This concept, which has been used successfully in many places, 

is that of regional parameter sets.  Regional parameter sets are obtained by calibrating and verifying 

HSPF rainfall-runoff parameters to runoff data in a given region (e.g., a county).    These parameters then 

are assumed to apply for all similar pervious land segments, PERLNDs, which are defined by the land 

cover/soil type combination, in all hydrologically similar watersheds within that region.  

 

4.3.2 Summary of HSPF Status and the Recommendations of Sixth Technical Committee 

 

This subsection summarizes the status of the HSPF modeling relative to the Supreme Court Decree 

requirement that the diversion accounting use the “best current engineering practice and scientific 

knowledge” as per the time period reviewed by the Sixth Technical Committee (Espey, et al,.2008).  The 

HSPF model parameters have never been calibrated for the areas to which HSPF is applied for diversion 

accounting (this statement is still true).   The HSPF model parameters have been determined by the 

transfer of parameters calibrated on hydrologically similar watersheds to the areas to which HSPF is 

applied for diversion accounting. This approach often is referred to as a “regional” HSPF parameter set.    

“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.”   To 

evaluate whether this approach has been appropriately applied for the Diversion Accounting H&H 

Models, three questions, as stated in the previous two technical committees, must be considered: 

1. Was the original calibration done adequately resulting in accurate models? 

2. Are the watersheds (diversion accounting watersheds) to which the regionally determined 

parameters are applied hydrologically similar to the original calibration watersheds? 

3. Was the parameter transfer done properly? 

 

These questions are answered in the order of 1, 3, and 2 in the following paragraphs. 
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1.         Review of the calibration of the LANDS subroutines of the HSP model (a predecessor of HSPF) 

to watersheds in the nearby Des Plaines River, North Branch Chicago River, Little Calumet River, and 

Hickory Creek basins found that the original calibration accurately estimated overall and annual flows 

which are very important to diversion accounting.  The original calibration also reliably estimated high 

flows, indicating that estimated CSO volumes might be accurately estimated.  Thus, the original model 

was suitably calibrated for the purposes of the diversion accounting through WY 1999. 

 

3.         The values of several HSPF parameters used in the diversion accounting are outside the range of 

calibrated values obtained on nearby watersheds.   Thus, HSPF parameter transfer on the basis of 

“regional” HSPF parameters really has not been applied in the HSPF models applied since at least WY 

1989, and probably throughout the entire period of using models in the diversion accounting.   Further, 

this implies that the ±10 percent accuracy in the annual flow estimate achieved in the original calibration 

may not be valid for the HSPF model currently applied in the diversion accounting. 

 

The changes in the parameter values from the originally calibrated values to the values used through WY 

1999 probably resulted during a hydrologic recalibration for the North Branch Chicago River and Little 

Calumet River and a hydrologic testing for the CSSC done by Hey et al. (1980), but no documentation of 

this fact is available.  The reported results of the recalibration generally are good.  Thus, if the current 

forest parameters and the grassland and impervious area parameters used through WY 1999 are really the 

result of the recalibration of Hey et al. (1980), the simulation models may still achieve the ±10 percent 

accuracy in annual flow estimates found in the original calibration. However, additional comparisons with 

gaged flows are needed to demonstrate this point given the uncertainty with respect to the parameter 

transfer.   The Sixth Technical Committee concluded that data from appropriate gaged watersheds should 

be used to perform additional calibration.  Additional calibration has been performed by the USGS, and is 

described in the subsequent sections of this report. 

 

2.          A key assumption of the transfer of calibrated HSPF parameters to “ungaged” watersheds is that 

the “ungaged” watersheds are hydrologically similar to the “calibration” watersheds.   This assumption is 

reasonable for the transfer of the calibrated model parameters to the ungaged lower Des Plaines River and 

“ungaged” Calumet watersheds. However, it is questionable for the drainage basins of the WRPs.   

 

The WRP drainage basins are substantially more impervious than the “calibration” watersheds, but this 

can be reasonably accounted for by varying the proportions of pervious and impervious areas.  The 

delineation of the drainage areas and their division into grassland, forest, and impervious area is 

acceptable after the WY 1997 land cover modifications.   The performance of the 1997 land cover 

modifications should be monitored as additional years of diversion calculations are completed. 

 

The bigger issue is the proportion of areas drained by combined sewers in the WRP drainage basins 

relative to the calibration watersheds.  Hydrocomp (1979) reported that the percentages of the WRP 

drainage areas with combined sewers were 62, 73, and 29 percent for the North Side, Stickney, and 

Calumet WRPs, respectively.  Whereas areas drained by combined sewers make up 6 percent of the North 

Branch of the Chicago River at Niles and 3 percent of the Little Calumet River at South Holland (the 

“calibration”) watersheds.  The primary issue is that the combined sewers create a much more efficient 

drainage network than a natural river system such as found in the Little Calumet River watershed 

upstream of the South Holland gage and the North Branch Chicago River watershed upstream of the Niles 

gage.  Further, the Third Technical Committee (Espey et al., 1994, p. 60) pointed out that: 

 

“The subsurface component of HSPF was designed to simulate the flow of water from 

soil storage into stream channels—thus creating baseflow.  This concept is similar but 

different from the infiltration into the sewers.” 
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This difference may need to be emphasized.  The procedure for computing infiltration into the sewer 

system used through WY 1999 combined with 90 percent of the water supply in the WRP drainage basin 

and yielded a reasonable estimate of dry weather flows to the WRPs.  However, review of water 

withdrawal and delivery data in Section 2.5 of Espey et al. (2004) indicates that a 10 percent consumptive 

use factor is substantially smaller than the losses from the withdrawal point to households.  Thus, if 

consumptive use increases in future modeling, infiltration must increase to maintain a good flow balance 

during dry weather flow.  Thus, the groundwater flow and interflow portions of HSPF may need to be 

adjusted in future modeling.   The porous nature of the sewer systems and the efficiency and density of 

the drainage networks make such an increase sewer system infiltration reasonable. 

 

The regional HSPF parameter approach and original calibration of HSPF meet the Supreme Court 

requirement of using the “best current engineering practice and scientific knowledge.”  However, because 

of a lack of documentation on the transfer, additional checks of simulated flow are needed to confirm the 

accuracy of the HSPF model applied to the diversion accounting.   

 

If the 90 percent water supply return/wastewater flow (i.e. 10 percent consumptive use) assumption is 

proven to be inaccurate, the HSPF parameters affecting the simulation of infiltration into sewer systems 

(i.e. subsurface flow) may need to be recalibrated to compensate for an increase in consumptive use and 

subsequent decrease in water supply return flow.  The USGS is currently performing a pilot study to 

determine the consumptive use in a suburban environment in northeast Illinois.  The Seventh Technical 

committee recommends that, pending definitive conclusions developed by the study, that this information 

be used to adjust the assumed consumptive use values used within the hydrologic modeling for Diversion 

Accounting.  

 

4.3.3 Hydrologic Similarity of Watersheds 

 

A key assumption of the transfer of calibrated HSPF parameters to “ungaged” watersheds is that 

the “ungaged” watersheds are hydrologically similar to the “calibration” watersheds.  This 

assumption is reasonable for the transfer of the calibrated model parameters to the ungaged lower 

Des Plaines River and “ungaged” Calumet watersheds.  However, it is questionable for the 

drainage basins of the WRPs. 

 

The WRP drainage basins are substantially more impervious than the “calibration” watersheds, 

but this can be reasonably accounted for by varying the proportions of pervious and impervious 

areas (discussed in detail in the next subsection).  The bigger issue is the proportion of areas 

drained by combined sewers in the WRP drainage basins relative to the calibration watersheds.  

Hydrocomp (1979) reported that the percentages of the WRP drainage areas with combined 

sewers were 62, 73, and 29 percent for the North Side, Stickney, and Calumet WRPs, 

respectively.  Whereas areas drained by combined sewers make up 6 percent of the North Branch 

of the Chicago River at Niles and 3 percent of the Little Calumet River at South Holland (the 

“calibration”) watersheds.  The primary issue is that the combined sewers create a much more 

efficient drainage network than a natural river system such as found in the Little Calumet River 

watershed upstream of the South Holland gage and the North Branch Chicago River watershed 

upstream of the Niles gage.  This issue has been recognized, but not emphasized since the early 

development of the diversion accounting models.  Hydrocomp (1979, p. 29) noted (italics added): 

 

“In the Chicago area, the combined sewer system forms a dense network of 

underground pipes.  The system is old and some sections are constructed of 

brick.  Infiltration of groundwater into this system is considerable.  Therefore, it 

was assumed that 100 percent of the subsurface flow computed by LANDS (the 

pervious land portion of HSP) eventually entered the system.” 
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Initially this 100 percent of subsurface flow was only for SCAs drained by combined sewers, but 

later Burke (1990) expanded this to 100 percent of pervious areas in separately sewered areas.  

Later the Third Technical Committee (Espey et al., 1994, p. 60) more directly addressed this 

issue: 

 

“The subsurface component of HSPF was designed to simulate the flow of water 

from soil storage into stream channels—thus creating baseflow.  This concept is 

similar but different from the infiltration into the sewers.” 

 

This difference may need to be emphasized in future modeling.  Through WY 1999 the procedure 

for computing infiltration into the sewer system was added to 90 percent of the water supply 

(return/wastewater flow) in the WRP drainage basin to yield a reasonable estimate of dry weather 

flows to the WRPs.  However, review of water withdrawal and delivery data in Section 2.5 of the 

Fifth Technical Committee report (Espey et al., 2004) indicates that a 10 percent consumptive use 

factor is substantially smaller than the losses from the withdrawal point to households.  Thus, if 

consumptive use increases in future modeling, infiltration may need to increase to maintain a 

good flow balance during dry weather flow.  Thus, the ground-water flow and interflow portions 

of HSPF may need to be adjusted in future modeling.  The porous nature of the sewer systems 

and the efficiency and density of the drainage networks make such an increase in sewer system 

infiltration reasonable. 

 

The recent update of the HSPF and SCALP models done by CTE (2003a-c) described in detail in 

Section 4.4.1 adjusted the dry weather flow (by adjusting the population equivalent) for the 

various WRPs.  These adjustments were made to improve the flow balances at the WRPs and 

were not based on a re-evaluation of return flow/consumptive use.  Thus, the most recent model 

revisions may not reflect possible errors in the consumptive use estimate of 10% and may need 

more thorough evaluation in the future.  Nonetheless, the effective changes in per capita 

wastewater flow in the recalibration led to corresponding changes in subsurface runoff parameters 

in HSPF that improved the regional parameter transfer basis of HSPF (see Section 4.4.1). 

 

4.4 RECALIBRATION AND TESTING OF THE HSPF AND SCALP MODELS IN 

RESPONSE TO THE RECOMMENDATIONS OF THE FIFTH AND SIXTH 

TECHNICAL COMMITTEES 

 

In response to the recommendations of the Fifth and Sixth Technical Committee (Espey et al., 2004), the 

USACE initiated studies to revise the calibration of the HSPF and SCALP models, to test the reliability of 

the HSPF model against measured flow data at gages located in the diverted Lake Michigan watershed, 

and to test the current means for estimating impervious and pervious areas in the HSPF models.   The 

USACE also initiated a study with the USGS to evaluate possible improvements in the snowmelt 

simulation in HSPF.  Errors in simulation of snowmelt had been identified in the Annual Diversion 

Accounting Reports as a potential area for improvement in the diversion accounting starting with the WY 

2000 report (U.S. Army Corps of Engineers, 2004b). The  results of these studies and the current status of 

the HSPF and SCALP models are summarized in the following subsections. 

 

4.4.1 Recalibration of the HSPF and SCALP Models for WYs 2000 and 2001 

 

The USACE contracted with CTE Engineers Inc. to do the diversion accounting calculations for WYs 

2000 and 2001.   In addition to the diversion accounting calculations CTE was asked to evaluate the 

calibration for the HSPF and SCALP models in response to the recommendations of the Fifth Technical 

Committee (Espey et al., 2004) using WYs 2000 and 2001 as the recalibration/testing period.   For the 
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recalibration CTE (2003a-c) focused on the return flow assumptions in SCALP for the four WRP—North 

Side, Stickney, Calumet, and Lemont— drainage areas and on five parameters for grassland and one 

parameter for impervious land in HSPF.  Three of these parameters—CEPSC, LZSN, and INTFW—had 

values outside the range of those determined in the original calibration of HSPF for neighboring 

watersheds.   In the recalibration of HSPF guidance on parameter values was taken from BASINS 

Technical Note 6 (U.S. Environmental Protection Agency, 2000). 

 

In the recalibration, the population equivalent in SCALP was adjusted such that the wastewater flows 

changed to shift baseflows to more closely match the observed baseflows at the WRPs. The following 

changes in wastewater flows resulted: 

 

 Wastewater flows were increased by 3% for the CSO service areas tributary to the North Side 

WRP 

 Wastewater flows were decreased by 20% for the CSO service areas tributary to the Stickney 

WRP 

 Wastewater flows were decreased by 24% for the CSO service areas tributary to the Calumet 

WRP 

 Wastewater flows were increased by 10% for the CSO service areas tributary to the Lemont WRP 

 

These changes are an indication that the previously assumed per capita sanitary flow/consumptive use 

values are variables, and should be treated as such.  As noted earlier, the Fifth Technical Committee in 

Section 2.5 of Espey et al. (2004) speculated that consumptive loss in the Chicago area might be 

substantially higher than the 10% commonly assumed in the diversion accounting.  The decreases in 

wastewater loadings for the Stickney and Calumet WRP drainage areas support the recommendations of 

the Fifth Technical Committee. 

 

Table 4.3 compares the recalibrated values of CEPSC, UZSN, LZSN, INFILT, and INTFW to the typical 

and possible ranges of values recommended in BASINS Technical Note 6 (U.S. Environmental Protection 

Agency, 2000), the range of values found in the original calibration for nearby watersheds, and the values 

used in the diversion accounting through WY 1999.  In the recalibration CEPSC and LZSN moved within 

the range of the original calibration, UZSN and INFILT moved outside the range of the original 

calibration, and INTFW remained outside of the range of the original calibration. 

 

Table 4-3: Comparison of the recalibrated values of parameters for grassland (CTE) to the typical and 

possible ranges of values recommended in BASINS Technical Note 6 (U.S. Environmental Protection 

Agency, 2000) 

Parameter BASINS 

typical 

BASINS 

possible 

Calibration 

range 

WY 1999 CTE 

UZSN 0.10-1.00 0.05-2.00 0.75-2.20 1.8 0.5 

LZSN 3.0-8.0 2.0-15.0 7.5-8.5 9.5 8.5 

INFILT 0.01-0.25 0.001-0.50 0.015-0.045 0.015 0.1 

INTFW 1.0-3.0 1.0-10.0 2.5-5.0 15 10 
 

Because LZSN and INTFW are among the most important parameters in the calibration of HSPF and 

LZSN has moved into the original calibration range and INTFW moved substantially toward the original 

calibration range, the recalibrated model is closer to a transfer of regional parameters than the model used 

through WY 1999.  Thus, the effective changes in per capita sanitary flows in the recalibration have led to 

corresponding changes in subsurface runoff parameters in HSPF that improved the regional parameter 

transfer basis of HSPF. 
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The  best  way  to  measure the  quality of  the  recalibration is  to  consider the  quality of  the simulations 

at the WRPs as listed in Table 4-4. 

 

Table 4-4: Comparison of the S/R Ratios and Correlation Factors for WRPs – WY2000 to WY2011 

Water 

Year 

North Side Stickney Calumet Lemont 

 S/R Corr. S/R Corr. S/R Corr. S/R Corr. 

2000 1.013 0.84 0.946 0.84 0.956 0.77 0.969 0.77 

2001 0.979 0.82 0.973 0.78 0.971 0.66 0.969 0.69 

2002 1.018 0.83 0.907 0.81 1.007 0.87 0.889 0.79 

2003 1.052 0.88 0.993 0.90 1.025 0.86 0.935 0.81 

2004 1.072 0.83 1.057 0.88 1.038 0.84 1.000 0.81 

2005 1.052 0.81 1.018 0.81 1.048 0.90 0.909 0.72 

2006 0.989 0.85 1.037 0.88 1.017 0.82 0.969 0.69 

2007 1.010 0.85 0.971 0.71 1.002 0.79 0.960 0.75 

2008 0.995 0.83 0.996 0.80 0.998 0.84 0.868 0.76 

2009 1.061 0.86 1.013 0.80 0.970 0.89 0.846 0.78 

2010 1.018 0.80 1.051 0.77 0.990 0.41 0.854 0.72 

2011 1.036 0.83 1.024 0.75 1.046 0.82 0.960 0.80 

 

These statistics are good, but except for the annual simulated to recorded flow ratio (S/R) at the Lemont 

WRP they are not substantially different from the values for WYs 1990-1999 as summarized in Table 4-5: 

 

Table 4-5: Summary of the S/R Ratios and Correlation Factors for WRPs – WY1990 to WY2011 

Statistic NorthSide Stickney Calumet Lemont 

S/R range WY 1990-1999         0.91-1.02 0.98-1.08 0.99-1.06 0.68-0.96 

S/R average WY 1990-1999       0.951 1.037 1.023 0.795 

S/R average WY 2000-2005       1.031 0.982 1.007 0.945 

S/R average WY 2006-2011     1.018 1.015 1.004 0.909 

Correlation Coefficient range  0.77-0.89 0.71-0.86 0.41-0.91 0.69-0.92 

Corr. average WY 1990-1999     0.838 0.805 0.856 0.795 

Corr. average WY 2000-2005     0.835 0.837 0.825 0.765 

Corr. average WY 2006-2011     0.837 0.785 0.762 0.750 

 

The small differences in results between the recalibrated models and the models used through WY 1999 

further indicates the dominant influence of wastewater flows on the flow balances at the WRPs.  This 



Lake Michigan Diversion 

Flow Measurements and Accounting Procedures 

 72 April 2014 
P:\Active\13033.00_USACE_7th_Tech_Com\LK Michigan Seventh TC 04072014.doc 

further emphasizes the need to test the model performance for measured flows not dominated by 

wastewater flows.   

 

Because the recalibration was for a two year period, the WY 2000 and 2001 Diversion Accounting 

Reports (U.S. Army Corps of Engineers, 2004b, p. 51) recommended the following in the “Areas for 

Improvement”: 

 

“A longer term calibration period (10 or more years) should be looked at in the future. 

This long term calibration would be used to set the hydrologic parameters until a trend of 

over- or under-prediction becomes evident or changes in the physical system occur.” 

 

In response to this recommendation, the USACE has contracted with the USGS to perform longer term 

calibration analyses.   The analyses and findings are described in the following sections 4.4.2 and 4.4.3. 

 

Beginning with the WY 2000 Diversion Accounting Report (U.S. Army Corps of Engineers,2004b)  the  

following  recommendation regarding  the  wastewater  flow  adjustment  has  been included in the 

“Areas for Improvement” for the diversion accounting: 

 

“The actual model change was performed by indiscriminately increasing or decreasing all Population 

Equivalent (PE) parameters for a particular service area in order to approximate the average change in 

wastewater loading.    In reality, the wastewater loading is a product of the PE and the per capita usage 

factor for each sub area.  To more accurately model the actual wastewater loadings present, both the PE 

and per capita usage should be reassessed.  Census populations and NIPC manufacturing numbers should 

be considered when developing revised PE and per capita usage estimates.” 

 

Such a re-evaluation may be worthwhile, however, the re-evaluation should also consider the 

consumptive use estimates for the various WRP drainage areas.  The percentage of return flow and 

consumptive use corresponding to the adjusted wastewater flows should be determined and compared to 

the findings of the Fifth Technical Committee (Espey et al., 2004). 

 

4.4.2 HSPF model tests in response to the Fifth Technical Committee 

 

In response to recommendations of the Fifth Technical Committee, the following three HSPF calibration 

tests were performed: 

 

1. Midlothian Creek and Tinley Creek Watersheds 

2. North Branch Chicago River at Albany Avenue and Grand Avenue 

3. North Branch and Racine Avenue Pump Stations 

 

The following is a summary of the goals and conclusions of the tests. 

 

1. Midlothian Creek 

The Fifth Technical Committee (Espey et al., 2004) suggested long term comparison of simulated 

and measured flows for these gages in the “ungaged” Calumet watershed would greatly increase 

confidence that the HSPF model parameters were valid for the watersheds to which they are 

applied in the diversion accounting.  The USGS simulated runoff from these watersheds for WYs 

1996-2005 using the HSPF parameter values used through WY 1999 and the recalibrated 

parameter values (CTE, 2003a-c).  The study resulted in recalibrated forest parameter values 

which were derived for a 12 year calibration period, yielded good results for Midlothian Creek 

and Tinley Creek (which is 24% forest), and yielded parameter values that were generally in 

agreement with the ranges of parameter values obtained in the original calibration on nearby 
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watersheds.  The Sixth Committee recommended that the recalibrated forest HSPF parameters be 

used in future diversion accounting calculations. 

 

2. North Branch Chicago River at Albany Avenue and Grand Avenue 

The Fifth Technical Committee (Espey et al., 2004) suggested comparison of simulated and 

measured flow at this gage would provide insight on the quality of the HSPF and SCALP model 

parameters.  The comparison of simulated and measured inflows upstream from the gage and the 

measured flow at the gage was found to be interesting, but inconclusive. One event was well-

simulated whereas three others are over simulated by more than 25%.   Such large errors can also 

result from uncertainty in rainfall data for large events.   The conclusion of the Sixth Committee 

was that comparisons of model results with measured flows at either location on the North 

Branch of the Chicago River probably are not useful to check the diversion accounting models. 

 

3. North Branch and Racine Avenue Pump Stations 

The final comparison suggested by the Fifth Technical Committee (Espey et al., 2004) was for 

annual  flows  at  the  North  Branch,  Racine  Avenue,  and  125th   Street  Pump  Stations of  the 

MWRDGC.  This investigation was intended to evaluate the ability to accurately simulate the 

volumes of combined sewer overflows, and an evaluation of the now-defunct Budgets 7A and 7B.  

The results of the modeling were found to be a clear demonstration of the difficulty of simulating 

the flows in the combined sewer system and TARP in which flows are substantially constrained 

by operational controls, such as inflow gates and pumping stations. The poor modeling results led 

the U.S. Army Corps of Engineers (2004b, p. 50) to conclude that improvement would require a 

re-examination of TNET.    The Sixth Committee concluded that such a major revision of TNET 

for the purpose of checking CSO volumes was not warranted and that the North Branch and 

Racine Avenue Pump Stations remain poor places to verify the models despite the changes in the 

system since Hydrocomp (1979) encountered similar results. 

 

4.4.3 Test of HSPF rainfall runoff parameters for forested areas 

 

In response to recommendations of the Sixth Technical Committee, the USACE contracted with the 

USGS to essentially expand the 2008 study as recommended by the Fifth Technical Committee.  The 

expanded study included simulation of water years 1996 through 2011, and added additional gaged 

watersheds.  The study included the use of HSPEXP and PEST to calibrate and optimize the HSPF 

Model. HSPF is an expert system for calibration of HSPF, and PEST is a general-purpose parameter 

estimation tool for any model.  The study also included a re-evaluation of the land-cover, which for 

modeling purposes is categorized as impervious, grassland or forestland.  The revised land-cover 

breakdown used in this analysis was derived by interpreting the National Land Cover Database 2006 

(NLCD 2006) data while previous breakdowns were based on aerial photography.  There were nine gaged 

watersheds analyzed in this study, covering the extremities of the diverted watershed, but more 

concentrated on the southern portion near the lower Des Plaines River subwatershed which runoff is a 

deductible component from the flow measured in the canal at Lemont (see Table 4-6 and Figure 4-2).   

 

The three phases in the USGS study on the HSPF parameters Included 1) verification of the performance 

of the historical vs. CTE parameter sets by using Midlothian and Tinley Creek watersheds (data WY 

1996-2003); 2) adjusting the parameter values for forest land based on Midlothian and Tinley Creek 

watersheds (data WY 1996-2007); and 3) adjusting the parameter values for grass and forest lands based 

on nine selected gaged watersheds adjacent to the diverted watershed (data WY 1996-2011). 
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Table 4-6.  USGS Gage Sites used in calibration study 

Station No. Station Name County Area 

(mi.
2
) 

Area 

upstream 

of dams 

(mi.
2
) 

Period of 

Record 

05533000 Flag Creek nr 

Willow Springs, IL 

Cook 16.5 0.0 7/26/1951 - 

present 

05535070 Skokie River nr 

Highland Park, IL 

Lake 21.1 0.0 8/21/1967 - 

present 

05536500 Tinley Creek nr 

Palos Park, IL 

Cook 11.2 0.025 7/11/1951 - 

present 

05539000 Hickory Creek at 

Joliet, IL 

Will 107.0 0.101 10/1/1944 – 

present 

05536179 Hart Ditch at Dyer, 

IN 

Lake (IN) 37.6 n/a 9/19/1989 – 

present 

05536190 Hart Ditch at 

Munster, IN 

Lake (IN) 70.7 n/a 10/1/1942 – 

present 

05536340 Midlothian Crk at 

Oak Forest, IL 

Cook 12.6 1.207 10/1/1950 – 

present 

05536255 Butterfield Crk at 

Flossmoor, IL 

Cook 23.5 0.122 5/17/1948 – 

present 

05537500 Long Run nr 

Lemont, IL 

Cook 20.9 0.127 7/1/1951 - 

present 
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Figure 4-2:  NLCD 2006 Land Cover for test watersheds. 
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The NLCD 2006 land cover data was interpreted to develop the breakdown of land classification as 

utilized in the LMDA modeling scheme for HSPF (Table 4-7).  The impervious percentage of test 

watersheds ranged from 7.7% for Hart Ditch (Dyer gage) to 37.6% for Flag Creek.  The forested land 

percentage ranged from 2.0% for Flag Creek to 24.9% for Tinley Creek. 

 

Table 4-7.  Classification of gaged watersheds based on interpretation of NLCD Classification. 

Gaged Watershed Interpreted Land Classification 

Impervious Grassland Forestland 

Midlothian 36.6% 53.3% 10.1% 

Tinley 28.8% 46.3% 24.9% 

Flag 37.6% 60.4% 2.0% 

Skokie 31.4% 55.5% 13.1% 

Hickory 23.2% 64.1% 12.8% 

Hart Ditch – Dyer 7.7% 69.9% 22.5% 

Hart Ditch – Munster 19.6% 63.4% 17.0% 

Butterfield 29.9% 62.7% 7.4% 

Long Run 23.3% 59.8% 16.8% 
 

The 2008 model calibration was focused on improving the forestland HSPF parameters directly connected 

impervious land for the gaged watersheds with the highest percentage of forestland.  Based on CTE 

parameter set, its forestland parameters were calibrated using the Tinley watershed that has the highest 

percentage of forestland. Calibration on forestland parameters only was conducted using data from water 

year 1996 to 2000, and was verified using data from water year 2001 to 2007. The performance of the 

calibrated forestland parameters were also evaluated using the Midlothian watershed for a 12-year period, 

from water year 1996 through water year 2007. An attempt to use another watershed, the Flag Creek near 

Willow Springs, was not successful because the Flag Creek watershed has nominal forestland coverage. 

Simulations were performed for a 12-year period, from water year 1996 through water year 2007.  The 

S/R information in Tables 4-9 through 4-11 was based on the CTE grass land and 2008 USGS forestland 

parameters. 

 

The values of UZSN, LZSN, LZETP, AGWETP, INFILT, INTFW, KVARY, and AGWRC changed 

from the current values as a result of the recalibration (Table 4-8).  The values of LZSN, INTFW, and 

KVARY moved into the range of values found in the original calibration for nearby watersheds.  The 

values of AGWETP and INFILT changed but still remained in the range of values found in the original 

calibration for nearby watersheds. The value of UZSN changed but still remained outside the range of 

values found in the original calibration for nearby watersheds.  The values LZETP and AGWRC moved 

out of the range of values found in the original calibration for nearby watersheds.  Overall, the 

recalibrated model is closer  to  a  transfer  of  regional  parameters than  the  model  currently  used  in  

the  diversion accounting. 

 

With additional test watersheds selected in the 2014 study, it showed the calibration produced 

improvement in the S/R ratios for the watersheds that have a higher percentage of forested lands (Tables 

4-9, 4-10, and 4-11).  The S/R ratios were adversely affected in the watersheds with a lower percentage of 

forested soils, but it is possible that this could be mitigated in the comprehensive modeling scheme with 

the implementation of the recalibrate grassland parameter data set, which should be available in 2014.   

Because the recalibrated forest parameter values were derived for a 12 year calibration period, yielded 

good results for watersheds with greater forested percentages, and yielded parameter values that were 

generally in agreement with the ranges of parameter values obtained in the original calibration on nearby 

watersheds, the Committee recommends that this forest HSPF parameter set continue to be used in future 

diversion accounting calculations. 
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Table 4-8: Comparison of the HSPF parameters for forestland.  

Parameter Des 

Plaines 

North 

Branch 

Little 

Calumet 

Hickory 

Creek 

NIPC 

(original) 

WY 

1999 

CTE 2008 

CEPSC 
0.18 – 

0.20 

0.2 0.25 – 0.4  0.2 
0.2 0.2 0.2 0.2 

UZSN 
5.0 – 

6.0 

6.0 6.0 6.0 
3 3 3 1 

LZSN 
7.5 – 

8.0 

7.5 8.0 8.0 
10 9.5 9.5 7.5 

LZETP 
0.85 – 

0.90 

0.9 0.8 – 0.9 0.9 
0.9 0.9 0.9 0.6 

AGWETP 
0.05 – 

0.15 

0.15 0.10 – 

0.26 

0.05 
0.15 0.15 0.15 0.05 

INFILT 
0.005 – 

0.015 

0.007 0.01 – 

0.025 

0.005 
0.01 0.01 0.01 0.005 

DEEPFR 
0.05 – 

0.20 

0.15 0.15 – 

0.20 

0.05 
0.05 0.05 0.05 0.05 

INTFW 
3.0 – 

5.0 

3.5 2.5 – 5.0 3.5 
7.5 7.5 7.5 5 

LSUR 
100 – 

1000 

1000 1000 1000 
300 400 400 400 

SLSUR 
0.00 – 

0.01 

0.001 0.002 0.0 
0.01 0.01 0.01 0.01 

NSUR 
0.25 - 

0.35 

0.35 0.35 0.35 
0.25 0.25 0.25 0.25 

IRC 
0.5 – 

0.6 

0.5 0.5 0.5 
0.5 0.5 0.5 0.5 

KVARY 
1.0 – 

1.5 

1.0 1.5 1 
1.7 1.7 1.7 1.5 

AGWRC 
0.97 – 

0.99 

0.99 0.99 0.97 
0.98 0.98 0.98 0.95 
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Table 4-9.  S/R Ratios for 1999 HSPF Parameters. 

1999                  

 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Overall 

Midlothian 0.87 0.91 0.80 0.84 0.75 0.79 0.73 0.65 0.82 0.87 0.89 0.99 0.83 0.93 0.96 0.81 0.85 

Tinley 0.72 0.86 0.72 0.66 0.60 0.66 0.59 0.54 0.60 0.76 0.64 0.79 0.83 0.98 1.01 0.81 0.75 

Flag 1.05 1.13 1.11 0.98 0.96 1.02 1.00 1.02 1.05 1.08 1.06 1.02 1.09 1.08 1.13 1.16 1.06 

Skokie 1.10 1.50 0.78 0.78 0.72 0.81 0.94 0.74 0.93 1.06 0.71 1.08 1.22 1.00 0.85 1.19 0.96 

Hickory 1.12 1.27 0.94 1.01 1.01 0.98 0.56 0.70 0.75 0.86 0.91 0.80 0.86 0.91 0.93 0.83 0.89 

Hart - 

Dyer 

0.72 0.87 0.84 0.70 0.63 1.00 0.60 0.63 0.79 0.64 0.70 0.66 0.40 0.62 0.70 0.74 0.69 

Hart - 

Munster 

0.68 0.78 0.61 0.54 0.80 0.92 0.65 0.61 0.79 0.49 0.88 0.82 0.69 0.77 0.86 0.88 0.79 

Butterfield 1.16 1.37 1.15 1.12 1.25 1.11 0.94 1.14 1.13 1.09 1.08 0.91 1.00 1.02 1.03 0.99 1.07 

Long Run 1.04 1.30 0.91 0.81 0.66 0.85 0.75 0.82 0.80 0.85 0.82 0.65 0.75 0.77 0.83 0.72 0.82 

 

 

Table 4-10.  S/R Ratios for CTE HSPF Parameters. 

CTE                  

 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Overall 

Midlothian 1.08 1.08 1.01 1.09 1.00 1.04 0.93 0.91 1.06 1.05 1.20 1.16 0.98 1.08 1.18 0.99 1.06 

Tinley 0.89 1.01 0.92 0.83 0.81 0.88 0.76 0.77 0.79 0.91 0.87 0.92 0.99 1.12 1.22 1.00 0.93 

Flag 1.19 1.24 1.28 1.09 1.12 1.18 1.14 1.17 1.21 1.18 1.22 1.14 1.24 1.20 1.16 1.29 1.19 

Skokie 1.34 1.80 0.97 0.96 1.00 1.06 1.14 1.02 1.15 1.32 1.01 1.28 1.42 1.18 1.05 1.43 1.19 

Hickory 1.34 1.53 1.23 1.30 1.40 1.33 0.73 0.97 1.01 1.05 1.26 0.95 1.04 1.07 1.16 1.04 1.12 

Hart - 

Dyer 

0.95 1.04 1.04 0.90 1.04 1.33 0.79 1.03 1.15 0.88 1.02 0.76 0.54 0.78 0.90 0.92 0.90 

Hart - 

Munster 

0.84 0.92 0.75 0.70 1.11 1.19 0.81 0.85 1.02 0.60 1.15 0.93 0.83 0.90 1.07 1.07 0.89 

Butterfield 1.42 1.68 1.47 1.42 1.79 1.56 1.21 1.59 1.52 1.38 1.42 1.07 1.19 1.23 1.35 1.23 1.36 

LongRun 1.29 1.55 1.19 1.02 0.95 1.20 0.97 1.24 1.06 1.02 1.19 0.79 0.93 0.91 1.04 0.92 1.04 
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Table 4-11.  S/R Ratios for 2008 HSPF Parameters. 

2008                  

                  

 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Overall 

Midlothian 1.11 1.09 1.03 1.11 1.03 1.06 0.95 0.92 1.09 1.08 1.23 1.19 1.02 1.09 1.21 1.01 1.08 

Tinley 0.97 1.04 0.97 0.87 0.87 0.94 0.82 0.81 0.86 0.99 0.96 1.00 1.09 1.15 1.31 1.06 0.99 

Flag 1.19 1.24 1.27 1.09 1.11 1.18 1.13 1.17 1.21 1.18 1.22 1.14 1.23 1.19 1.17 1.29 1.19 

Skokie 1.39 1.83 0.99 0.99 1.03 1.10 1.17 1.04 1.20 1.37 1.04 1.35 1.47 1.20 1.08 1.48 1.22 

Hickory 1.44 1.58 1.27 1.33 1.45 1.37 0.75 0.99 1.05 1.09 1.31 0.98 1.10 1.09 1.19 1.07 1.16 

Hart - 

Dyer 

1.05 1.07 1.08 0.92 1.12 1.46 0.87 1.14 1.27 0.97 1.13 0.81 0.61 0.81 0.95 0.98 0.97 

Hart - 

Munster 

0.89 0.94 1.60 0.71 1.15 1.25 0.85 0.89 1.07 0.63 1.22 0.97 0.88 0.92 1.11 1.11 1.00 

Butterfield 1.45 1.69 1.49 1.43 1.81 1.58 1.23 1.61 1.55 1.39 1.45 1.09 1.22 1.24 1.37 1.25 1.38 

Long Run 1.36 1.58 1.23 1.04 0.99 1.27 1.01 1.31 1.12 1.04 1.25 0.83 0.99 0.93 1.09 0.96 1.09 
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4.4.4 Test of HSPF rainfall runoff parameters for grassland areas 

 

In response to recommendations of the Sixth Technical Committee, the USGS is conducting a 

recalibration analysis of the HSPF parameters for grassland areas in a manner similar to the forestland 

parameters, as described in the previous section.  The Committee recommends the consideration of the 

revised parameters once the study is finalized and the results have been published and reviewed. 

 

4.4.5 Confirmation of Approach to Estimating the Amount of Impervious Area in the Simulated 

Watershed areas. 

 

As part of  their testing and eventual recalibration of  the HSPF models by application to the various 

gaged watersheds described in Section 4.4.2 through 4.4.4, the USGS also assessed the various  

approaches to estimating the percentages of  Effective Impervious Area  (EIA), as specified by TR-55 

(current model approach), Rust, and Du Page County.  A brief description of the procedures used is 

included in the findings of the Sixth Technical Committee (Espey et al., 2008).   Table 4-12 demonstrates 

a comparison of the impervious percentage computation between the photographic delineation method 

and the conversion of 2006 NLCD data.  Its application is tested and modified (if necessary) as discussed 

in Section 4.5.5. 

 

Table 4-12.  Resulting percentages of lands in forest, grass, and hydraulically-connected impervious land 

classes based on the 2005 aerial photographic delineation and 2006 NLCD conversion factors developed 

in the HSPF recalibration study. 
  Grass Forest Imperviousness 

Tinley (aerial photo) 0.46 0.24 0.30 

Tinley (NLCD 2006) 0.46 0.25 0.29 

     

Midlothian (aerial Photo) 0.54 0.11 0.35 

Midlothian (NLCD 2006) 0.53 0.10 0.37 

     

Flag (aerial photo) 0.59 0.02 0.39 

Flag (NLCD 2006) 0.60 0.02 0.38 

 

Considering the good agreement with the detailed digitization of impervious area in Tinley, Midlothian 

and Flag Creeks both in terms of residential impervious percentages and simulated runoff, and the 

generally good simulation results since the change in impervious percentages in WY 1997 the currently 

used impervious percentages meet the standard of best current engineering practice. 

 

4.4.6 Evaluation of Snowmelt Simulation 

 

The summary report of the Sixth Technical Committee (Espey et al., 2008) includes a description of the 

evaluation of the snowmelt within HSPF by the USGS on behalf of the USACE. A summary of this 

analysis was published by Over et al in 2010.  The evaluation was performed in an effort to improve the 

monthly S/R ratio and the simulated runoff to rainfall (RR) ratio for the January to April time frame.  The 

Seventh Technical Committee has reviewed these findings, in addition to reviewing other snowmelt 

simulation techniques that have been developed in the last 5 years.  The snowmelt algorithm in HSPF is 

generally described as an energy budget method, similar to methods described in the USACE Engineering 

Manual 1110-2-1406 (USACE, 1998).   
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Given that there have not been dramatic advances in snowmelt simulation techniques, the current 

Committee concurs with the findings and conclusions of the Sixth Committee.   

 

4.5 COMMENTS ON THE DIRECT APPLICATION OF MODELS IN THE DIVERSION 

ACCOUNTING 

 

4.5.1 Simulation Runoff from the Des Plaines River Watershed 

 

One of the primary flow deductions subtracted from the measured flow at Lemont is the runoff from the 

Des Plaines River watershed reaching the CWS, and its value is computed using H&H models.  The 

simulated Des Plaines River Watershed Flows have several components: 

 

1. Inflow and infiltration from the Upper Des Plaines River watershed which enters separate and 

combined sewers and becomes influent to the MWRDGC WRPs including inflow and infiltration 

that reaches the Des Plaines TARP system, which then is discharged to the CWS, 

2. Runoff from the Des Plaines River watershed which reaches the CSSC via CSOs, 

3. Direct runoff from the Des Plaines River watershed to the CSSC (Des Plaines River watershed 

south of the CSSC), 

4. Infiltration, inflow, and CSOs from the Lemont Service area prior to WY2006,  

5. Runoff from the Summit Conduit watershed, prior to WY2011, and 

6. Spillover flows from the Des Plaines River. 

 

No flow measurement data were available to confirm the accuracy of the simulation of these flows. It has 

generally been reasoned that since the water budgets for the North Side and Stickney WRPs include the 

majority of the deductible Des Plaines River watershed runoff, the Des Plaines River watershed 

simulation is indirectly confirmed in WRP flow balance checks (Budgets 7 and 10) (U.S. Army Corps of 

Engineers, 1994).   Given the questions regarding the HSPF model parameters  and  the inability of the  

WRP balances  to truly  identify  modeling  inaccuracy (previously discussed), further examination of the 

Des Plaines River watershed runoff is necessary. 

 

The annual diversion accounting reports include simulated annual flow values for the ungaged, separately 

sewered lower Des Plaines River watershed (57.91 mil
2
) and,  the Summit Conduit watershed (2 mil

2
).   

Annual flows for these areas may be estimated from the measured annual flows for Tinley and Midlothian 

Creeks using a drainage area ratio (5.35 and 4.75 for Tinley and Midlothian Creeks, respectively).    

 

The Tinley and Midlothian Creek watersheds are much closer to the lower Des Plaines River watershed 

(Tinley Creek borders the lower Des Plaines River watershed).  Further, Shrestha and Melching (2003) 

used flows from Midlothian Creek scaled by area ratio to estimate ungaged flows to the CWS with good 

success in their hydraulic modeling of the CWS.    Therefore, the drainage area ratios to Tinley and 

Midlothian Creeks may be a good way to evaluate flows simulated for the lower Des Plaines River 

watershed. 

 

For more than 60 percent of the years through WY 1999 the simulated annual flow was less than the 

estimated annual flow, and the under-predictions typically are in the range of 20-40 percent. Thus, the 

Des Plaines River watershed flows may be underestimated by the current H&H models used through WY 

1999.   This conclusion is supported by the comparisons of simulated and measured annual flows at the 

Upper Des Plaines Pump Station for WYs 1984-1994 for which the annual S/R ratios are listed in Table 

4-13. 
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Water Year S/R Ratio Missing Days 

1984 0.83  

1985 0.89  

1986 0.85 138 

1987 0.82 90 

1988 0.72 68 

1989 0.82 31 

1990 1.08 145 

1991 1.01 73 

1992 0.98 125 

1993 0.92 157 

1994 0.86 125 

Table 4-13: S/R Ratios Upper Des Plaines Pump Station. 

 

The comparison at the Upper Des Plaines Pump Station had many potential errors: 

1.  The flow through each pump was measured with orifice plates that were installed with the pumps. 

The orifice plates may have had insufficient lengths of pipe between the plate and upstream flow 

disturbances, i.e. pipe bends, to obtain accurate flow measurements. 

2. The Upper Des Plaines Pump Station meters had not received any maintenance in over 20 years 

and required calibration (U.S. Army Corps of Engineers, 1990). 

3. Weekly charts were used to record the flow rate through the discharge lines continuously.  Daily 

discharge is determined from an analysis of the recorder charts.  The charts often were not 

changed weekly, and the timer also appeared to be questionable (Burke, 1990). Further, Espey et 

al. (1981) noted that the interpretation of the pen trace lacked the necessary attention and 

precision; namely improper pen setting, absence of comparison of computed and weekly 

integrated flow, and failure to use techniques when flow changes rapidly and frequently.  This led 

to the loss of many days of record as listed below by year and number of days. 

 

During high flows, much of  the water is bypassed around the measurement devices, and, therefore, 

values less than the true flow from the Upper Des Plaines Pump Station drainage area were reported.   

This means that the under simulation may be even greater than the previously listed comparisons indicate. 

 

Despite the errors in the Upper Des Plaines Pump Station flow records, the comparisons at the Upper Des 

Plaines Pump Station and for the lower Des Plaines River watershed area ratio comparison indicate 

potential underestimation of Des Plaines River watershed runoff.   This requires further evaluation.  

Further, improvements are likely if the recalibrated HSPF parameters for forest lands developed by the 

USGS discussed in Sections 4.4.2 and 4.4.3 are adopted in future diversion accounting computations. 

 

In the Annual Diversion Accounting reports it has been long recommended in the “Areas for 

Improvement” that “Installation of better flow measurement equipment at the (Upper Des Plaines) pump 

station and measurement of bypass flows at the facility would allow for better model calibration.”  Such 

improved measurement equipment has been installed by MWRDGC and operated since WY 2011 as part 
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of a major rehabilitation of the pump station.  A Teledyne ISCO (MGD) model ADFM Velocity Profiler 

flow meter has been installed in Upper Des Plaines Sewer Interceptor No. 3 upstream from the flow 

bypass point. This MGD ADFM flow  meter  represents the  “best engineering practice”  in  sewer  flow  

measurement (see Melching, 2006).  This data will be very valuable for future evaluation of Des Plaines 

watershed runoff models.  The data for UDPPS were made available for a portion of WY2011 (citation: 

LMDA Report WY2011), and the preliminary indications are that the simulated volumes were larger than 

the observed volumes (S/R=1.36). This information will be useful for calibrating a portion of the Des 

Plaines basin, if not the entire basin.  The common conclusion in the Lake Michigan Diversion 

Accounting for WY 2011 (e.g., U.S. Army Corps of Engineers, 2004b, p. 48) that “With better flow 

measurements, this site will become the most important point for calibrating and verifying the simulation 

models for the Des Plaines watershed.” is not completely true.  The Upper Des Plaines Pumping Station 

drainage area has no forest cover, and, thus, this site is not representative of the lower Des Plaines River 

watershed which has nearly 30% forest cover. 

 

4.5.2 Re-Evaluation of Infiltration to the Combined Sewer System 

 

As previously noted in Section 4.3.4, infiltration to combined sewers is similar to but different from 

baseflow to a natural stream.  Also, if the consumptive use is increased from 10 percent, it will be 

necessary to adjust the HSPF parameters affecting subsurface flow to compensate for the lost water 

supply return flow (i.e. wastewater flow).  This adjustment after the recalibration of SCALP (CTE, 

2003a-c) actually improved the regional parameter transfer basis of HSPF as discussed in Section 4.1.  

The Fifth Technical Committee (Espey et al., 2004) suggested one way to independently evaluate the 

adjustment of subsurface flow might be to utilize combined sewer flow data collected by Waite et al. 

(2002).   However, the flow data collected by Waite et al. (2002) were measured using wide-beam 

Doppler area-velocity flow meters.   Melching (2006) notes: 

 

“manufacturers usually report accuracy as ±2%.  However, the literature search 

conducted here indicated that accuracies between 10% and 30% may be more likely 

without onsite calibration, and even after calibration a large range in accuracy for given 

events may result.” 

 

Thus, the data collected probably are not accurate enough for the determination of infiltration to the 

combined sewer system and subsequently to aid in determining consumptive use. 

 

Beginning in May 2005 the USGS began installing sewer flow gauges at 17 locations throughout the 

MWRDGC service area.  Seven of these gauges currently are operating and five of these are collecting 

continuous flow data whereas the other two are collecting only peak flow data.  Sontek Argonaut SW 

flow meters are used at these locations.  The Argonauts are superior to the area- velocity flow meters used 

by Waite et al. (2002) because Doppler techniques are used to measure velocity in multiple depth cells 

along two acoustic beams, whereas the area-velocity meters try to measure the average velocity over 

depth using a single acoustic beam.   The five candidate locations are: 

 

 Sewer DS-1 at Melas Park at Arlington Heights (September 13, 2005 to present)  

 Sewer DS-7 at Elmhurst Road at Mount Prospect (August 10, 2005 to present) 

 Sewer SMH-1 at Blue Island Avenue at Chicago (May 21, 2008 to present)  

 Sewer SMH-2 at Blue Island Avenue at Chicago (July 25, 2008 to present) 

 Sewer SMH-3 at Cermak Avenue at Chicago (July 30, 2008 to present) 

 

If household water meter data are available for the drainage areas of these locations, only household 

consumptive use would need to be approximated.  Thus, infiltration during low flow periods could be 
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more accurately determined and compared to simulation results, and the HSPF and SCALP models 

adjusted accordingly. 

 

Since Lakefront Accounting has been tabled at present, determination of consumptive use/return flow is a 

much lower priority issue for Romeoville/Lemont Diversion Accounting.    Thus, whereas the new sewer 

gages previously discussed could help improve consumptive use and sewer infiltration estimates, the 

Committee suggests that re-evaluation of consumptive use and sewer infiltration should be a low priority 

for the improvement of Diversion Accounting procedures. 

 

The Seventh Technical Committee was briefed on a consumptive use pilot study performed by the USGS.  

The conclusion of the study (unpublished to date) is that the consumptive use cannot be accurately 

determined from the sewer meter data at the basin outlet and the water supply data from the household 

water bills because there is a large amount of non-quantifiable groundwater infiltration into the isolated 

separate sewer system in the investigated drainage area in Elk Grove Village. 

 

4.5.3 Groundwater Infiltration in the Calument TARP System  

 

The Fourth Technical Committee (Espey et al., 2001, p. 40) recommended that the analysis of 

groundwater infiltration into the Calumet TARP tunnels needs to be reviewed using data from more than 

one year, and the Fifth and Sixth Technical Committees re-iterated this suggestion. The simulated 

groundwater seepage into the Calumet TARP tunnels is shown in (Table 4-14). 

 

Year Seepage 

(cfs-year) 

 Year Seepage 

(cfs-year) 

1987 17.3  2000 13.2 

1988 17.0  2001 14.6 

1989 6.7  2002 11.0 

1990 6.6  2003 11.2 

1991 21.4  2004 12.4 

1992 21.1  2005 12.4 

1993 6.7  2006 14.6 

1994 3.5  2007 11.0 

1995 6.5  2008 20.6 

1996 9.5  2009 24.5 

1997 9.5  2010 18.7 

1998 11.3  2011 16.9 

1999 11.2    

Table 4-14:  Simulated seepage Calumet TARP. 

 

The procedure for estimating the groundwater infiltration into the Calumet TARP tunnels was adjusted in 

1989.  The average of value from 1999 to 2011 was 12.8 cfs, which is representative of the current 

estimation procedure.     
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One factor complicating the review of groundwater inflows is that low flows to the Calumet TARP 

tunnels are affected by directly connected sanitary sewers.   The U.S. Army Corps of Engineers (2004b, p. 

47) reports: 

 

“In the Calumet system, some sanitary sewers are connected to TARP.   These sewers 

must be accurately accounted for in the modeling of groundwater infiltration since they 

contribute to baseflow, or dry weather flow, into TARP.   Currently, some uncertainty 

remains as to the connection of the separately sewered areas.  For accurate modeling of 

the Calumet TARP system, these connections need to be verified and adjusted if 

necessary.” 

 

Further, on page A.5, the U.S. Army Corps of Engineers (2004b) reports: 

“Since actual boundaries have not been mapped for those areas, some assumptions as to 

the location of the separate sewer areas were made.  These assumptions were necessary 

since effective (instead of actual) areas are used for separate sewer areas in the SCALP 

model.  These assumptions will remain until separately sewered areas are modeled such 

that actual areas are used instead of effective areas in the hydraulic models.  This has 

been discussed in the WY 90 diversion accounting report.” 

 

In response to the suggestions of the Fourth and Fifth Technical Committees the USACE recognized the 

under simulation of low flows in the Calumet TARP system, but they attributed this under simulation to 

improper approximation of drop shaft operations for the inflow from these separately sewered areas. The 

U.S. Army Corps of Engineers (2004b, p. 35) stated: 

 

“The dropshaft operation data were changed significantly, and resulted in closing of the 

inflows at a higher elevation. The TNET model results from the early iterations indicated 

that the simulated capture (and pumpout) volumes were much lower than observed.  This 

was determined by comparing the weekly average pumping volumes of simulated vs. 

observed, even though this comparison also includes the variance due to the hydrologic 

modeling.” 

 

By closing inflows at a higher elevation, the gate closing scheme was modified to cause the model to 

capture more inflows without pressurizing the system.  The improvement in the annual S/R ratios and 

correlation coefficients is shown in Table 4-15: 

 

Output Statistic                                                    WY 1989-1999 WY 2000-2005 WY 2006-2011 

Average Annual S/R 0.695 0.883 1.043 

Average Annual Correlation of Weekly 

Volumes            

0.565 0.730 0.463 

Table 4-15:  S/R Ratios for Calumet TARP System. 

 

The  Committee  agrees  that  the  changed  gate  operations  have  substantially  improved  the simulation 

quality, but still wonders if changed groundwater inflow could achieve the same or better improvements.   

The University of Illinois (U of I) at Urbana-Champaign currently has developed detailed hydraulic 

models of the TARP system (discussed in Section 4.5.6).  Part of this study plan included the 

development of a detailed inventory of the various TARP drainage areas.    The USACE should compare 

the service area delineations from this study to confirm consistency with those assumed within the 

existing Calumet TARP system, and if this information could aid in the definitive delineation of the 
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directly connected sanitary sewers.  This delineation would allow the sanitary flow and groundwater 

contributions to low flows to the Calumet TARP system to be clearly determined. 

 

4.5.4 Indiana Water Supply Through the Grand Calumet River 

 

The Grand Calumet River has a summit.  On one side of the summit, the flow is toward Lake Michigan 

and on the other side the flow is westward into Illinois.  The position of this summit is variable and 

dependent on the elevation of Lake Michigan. 

 

Prior to WY 1991 flow in the Grand Calumet River reaching Illinois was estimated on the basis of a 

statistical relation for which the independent variables were the elevation of Lake Michigan and the flow 

in Hart Ditch (U.S. Army Corps of Engineers, 1990).  This flow then was compared to the daily sum of 

water supply pumpage from Lake Michigan to East Chicago, Hammond, and Whiting, Indiana.  If the 

Grand Calumet River flow was greater than the combined water supply pumpage, the daily deduction 

from the Romeoville flow was set equal to the combined water supply pumpage.   If the Grand Calumet 

River flow was less than the combined water supply pumpage, the daily deduction from the Romeoville 

flow was set equal to the estimated Grand Calumet River flow.  In WY 1992, a streamflow gage was 

added on the Grand Calumet River at Hohman Avenue near the Illinois-Indiana border by the USGS.    

The computation of the deduction continued in the same way with the measured Grand Calumet River 

flow replacing the estimated Grand Calumet River flow.  No consideration of consumptive use was made 

in these computations. 

 

Beginning in WY 1993, the deduction was computed on the basis of relations involving Lake Michigan 

elevations and the water supply pumpage for Hammond, Whiting, and East Chicago. These relations were 

determined on the basis of an UNET hydraulic model developed for the Grand Calumet River system 

(U.S. Army Corps of Engineers, 1997a). The modeling study found that the summit normally occurs 

between river miles 5.54 and 4.229 (U.S. Army Corps of Engineers, 1997a) where the Little Calumet 

River is river mile 0.   The Hammond Sewage Treatment Plant (STP) is located near river mile 4.25.  

Thus, most of the time Hammond and Whiting water supply pumpage from Lake Michigan reaching this 

STP flows to Illinois and is a deduction from the discharge measured at Romeoville.  The East Chicago 

STP is located near river mile 5.40.   Thus, only during times of high lake levels does East Chicago water 

supply pumpage from Lake Michigan reaching this STP flow to Illinois.  Specifically, the model derived 

relations are: 

 

Flow = 0.45 HW                                          CCD < 0.3 ft 

Flow = (0.22 CCD
3
 – 0.15 CCD

2
 + 0.06 CCD + 0.45) 

HW                         

0.3 ft ≤ CCD < 1.5 ft 

Flow = HW + ((CCD – 1.5)/0.3) EC                                                            1.5 ft ≤ CCD < 1.8 ft 

Flow = HW + EC                                                                                          CCD ≤ 1.8 ft 

Table 4-16: Regression Equation for Grand Calumet Diversion. 

 

where HW is the sum of water supply pumpage for Hammond and Whiting, EC is the water supply 

pumpage for East Chicago, and CCD is the lake level in feet relative to the City of Chicago Datum 

measured at Calumet Harbor.  Beginning in WY 1997 the water supply pumpage was adjusted using a 10 

percent consumptive use factor (U.S. Army Corps of Engineers, 2001b). 

 



Lake Michigan Diversion 

Flow Measurements and Accounting Procedures 

 87 April 2014 
P:\Active\13033.00_USACE_7th_Tech_Com\LK Michigan Seventh TC 04072014.doc 

Dredging of the West Branch of the Grand Calumet River and the Federal Channel and USX reach of the 

Grand Calumet River is under way, and will likely be completed in 2014.  Construction sheetpiles are 

currently in place to maintain water levels during dredging and to restore the bed to pre-dredging levels.    

 

The Seventh Technical Committee concurs with the previous committee in that the current LMDA 

approach should be used until the HEC-RAS model is revised after the planned dredging projects are 

completed.  The Chicago District’s current plans include recalibrating the HEC-RAS model after the 

dredging project is completed and the post-dredging cross-sectional data are available, at which time 

regression equations will be reviewed and updated as necessary.  The revised procedures should be 

completely detailed for review by a future Technical Committee for Review of Lake Michigan Diversion 

Accounting. 

 

4.5.5 TNET Model Application 

 

As discussed previously TNET solves the full dynamic equations of motion for open channel flow with 

closed conduit flow approximated using the Preismann slot concept.  The full dynamic equations of 

motion are based on the assumption of gradually varied flow for which use of a hydrostatic pressure 

distribution is valid.  However, flows in the TARP tunnels are not always gradually varied.   Water-

hammer type pressure waves in the TARP system yield rapidly varied flow for which use of a hydrostatic 

pressure distribution is not valid.  These pressure waves, as simulated in the TNET model, may arise from 

an abrupt change in flow.  The primary example of this occurs as the tunnel transitions from open conduit 

flow to pressure flow.  The pressurization front migrates from downstream to upstream, and upon 

reaching the upstream end of the tunnel, a pressure wave is triggered, which oscillates throughout the 

tunnel system.  However, it should be noted that water hammer is rare because the TARP tunnels are 

seldom pressurized to since the MWRDGC closes the drop shaft gates (except the uncontrolled drop 

shafts) much earlier than when the tunnels are at full capacity. Further, the sudden influx of flow from the 

drop shafts also results in rapidly varied flow.  These shortcomings of the model necessitate shortening 

computational time steps during periods of rapidly varied flow and restricting drop shaft inflows to avoid 

rapidly varied flow, and, thus, avoid computational instabilities that could result in computational failure. 

 

The TNET model primarily was developed for design and operational planning of TARP, i.e. estimating 

how the TARP system would react to different magnitude, timing, and patterns of inflow. Thus, operation 

rules for the pump stations were programmed into TNET. Pumping from the Mainstream Pumping 

Station to the Stickney WRP is determined on the basis of the minimum of (1) available capacity at the 

Stickney WRP and (2) pumping capacity at the Mainstream Pumping Station (U.S. Army Corps of 

Engineers, 1994).  Available capacity is determined as the difference between treatment capacity and 

simulated inflow from interceptor sewers.  Rules also were developed to distinguish between times when 

normal pumping/secondary treatment capacity or maximum pumping/primary treatment capacity is 

applied.  Similar procedures are applied at the Calumet TARP Pumping Station (U.S. Army Corps of 

Engineers, 1994).   The following discussion of procedural limitations of TNET is modified from U.S. 

Army Corps of Engineers (1994). 

 

Although effort was made to incorporate TARP operating procedures into the TNET model, it was not  

feasible to incorporate all features of  the operating procedures.  First, operating procedures for Calumet 

TARP are divided into three categories—dry weather, wet weather, and emergency operations—whereas 

for Mainstream TARP wet weather is divided into “typical” and “extreme” storms.  Dry weather 

operations tend to focus on operating TARP in the most economical fashion.  Therefore, dry weather 

flows are allowed to accumulate, and then are pumped at night once there has been sufficient 

accumulation. 
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The major shortcoming of the model in simulating pumpage of dry weather flows is that the model cannot 

determine the optimum pumping time, therefore, pumping can be initiated at any time  if  pumping  is  

needed  as  indicated at  the  pump  sense  point.    The pump sense point activates/deactivates the 

pumping algorithm of the model based on water-surface elevation in the tunnel.  Because of these 

computational rules the simulated TARP pumpage is sometimes out of phase with the observed record.   

The simulated pumpage tends to occur sooner and more frequently than actual pumpage in order to 

maintain computational stability during simulation (U.S. Army Corps of Engineers, 2004a). 

 

A third limitation of the TARP  TNET models is the inability to “forecast” storms.  The MWRDGC 

operational procedures call for dewatering accumulated dry weather flow from the tunnel system prior to 

a storm to maximize storage for CSOs.    This procedure cannot be reproduced with the TNET model 

computing pump operations “on the fly” for design and operational planning purposes.  A related 

limitation for the Mainstream TARP TNET model is the inability to change gated drop shaft operating 

procedures given the severity of the “forecast” storm. 

 

A fourth limitation is the limited number of sense points in the model, and the inability of the model to 

simulate gate closure based on an average water-surface elevation within a tunnel reach. Each TNET drop 

shaft has a reference inflow control curve that specifies the percentage of inflow capacity versus the water 

level in the tunnel at this drop shaft location.  These curves are used to simulate the gate closure. 

 

A fifth limitation in TNET modeling is that it is not possible to simulate pumping of the tunnel down to 

the level that is used in actual operations because of numerical instability of the model. The final value 

used in the model was the lowest point to which the tunnel could be pumped without causing excessive 

numerical instability (U.S. Army Corps of Engineers, 2004b).  This problem can be solved by switching 

to the Illinois Transient Model (Section 4.5.6) once it is ready for use in the diversion accounting. 

 

The U.S. Army Corps of Engineers (2001b) suggested that the limitations discussed above needed to be 

fixed as an “Area for Improvement” in the diversion accounting.  However, it is not necessary to fix these 

limitations to improve the diversion accounting simulations.   All the limitations discussed by the U.S. 

Army Corps of Engineers (1994) relate to computing pump operations “on the fly”.  This type of 

computational procedure is necessary for TARP design or operational planning, but it is not necessary for 

diversion accounting.  For diversion accounting, the actual operations are known and do not need to be 

synthesized with programmed “operational rules”.   In order to provide a check on the distribution of 

flows into the TARP system and overflows to the CWS in the diversion accounting the following 

computational procedure was suggested by the Fifth Technical Committee (Espey et al., 2004).  For 

diversion accounting, use the measured stage at the TARP pumping stations as the downstream boundary 

condition and compute the outflow, i.e. pumpage.   If the computed outflow exceeds the actual pumpage, 

decrease TARP inflow and increase CSOs.  Conversely, if the computed outflow is less than the actual 

pumpage, increase TARP inflow and decrease CSOs.  Water-surface elevations measured throughout the 

TARP system could be used to ensure that adjustments in TARP inflows and CSOs are properly 

distributed throughout the system.  In this way inflow gate operations can be indirectly considered and 

CSOs can be more correctly estimated. 

 

In response to the Fifth Technical Committee recommendation on simulating actual TARP operations, the 

U.S. Army Corps of Engineers (2007a, p. 47) stated the following in the Annual Diversion Accounting 

Report for WY 2002: 

 

“The recommended approach requires that water-surface elevations be measured 

throughout the TARP system to ensure adjustments in the TARP inflows and CSOs are 

properly distributed throughout the system.  As a result, inflow gate operations can be 

indirectly considered and CSOs can be more correctly estimated. This procedural change 
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is pending future evaluations, however, as water surface elevations are not currently 

measured at many points in the TARP system.” 

 

In support of the development of the Illinois Transient Model (Section 4.5.6) the MWRDGC has installed 

8 stage sensors in each of the Mainstream and Des Plaines TARP tunnel systems and 20 stage sensors in 

the Calumet TARP system.  Thus, the proposed methodology could be tested on the Calumet TARP 

system to see if it results in improved simulation of TARP overflows, and the recommendation of the 

Fifth Technical Committee could be evaluated.   In discussions between the USACE and the Committee, 

the USACE noted that meeting the recommendation would require substantial alterations of the TNET 

models.  As a result of these discussions the Sixth Committee proposed a compromise between the fifth 

Technical Committee recommendation and the USACE modifications as follows.  TNET should be 

modified to yield computed water-surface elevations at the locations of the MWRDGC’s stage sensors.  

The computed water-surface elevation should be compared with the measured values and the model 

computations adjusted on the basis of this comparison. A review of the findings of this comparison should 

be done by a future Technical Committee for the Review of Lake Michigan Diversion Accounting. 

 

The Seventh Technical Committee has reviewed the changes to the TNET model and its implementation 

in the Diversion Accounting process, and has a somewhat different opinion than the Fifth and Sixth 

Committees.  While agreeing that the calibration and verification of the computed water-elevations within 

the tunnel are generally beneficial, the substantive benefits of this comparison for LMDA purposes are 

more related to the hydrologic processes than the hydraulics of the tunnel system.  The water surface 

elevation in the tunnel at any given location is a function of numerous phenomena, including: 

 

 The magnitude and intensity of the precipitation event. 

 The tunnel stage prior to the onset of the event, which is a function of the time since the most-

recent pumpout. 

 The inflow to the TARP system, which is controlled by the gated dropshafts. 

 

In order for an effective calibration of the computed water surface elevation, the simulation of these 

model inputs would need to be similar to the observed conditions and controls.  These conditions (as 

simulated and observed) are often not synchronous, which limits the effectiveness of this calibration 

process.  There is benefit however, in terms of comparison of the TNET’s logic for controlling gated 

dropshafts and the pumping schemes.  The minimization of simulation error introduced by TNET apart 

from the other modeling components is largely a function of the TARP operational scheme.   

 

In the time since the Fifth Technical Committee completed its review of the diversion accounting 

procedures, the USACE has made some substantial changes in the TNET subroutines beginning in WY 

2000 (U.S. Army Corps of Engineers, 2004b).   The modeling of the Des Plaines and Mainstream tunnels 

and the Calumet tunnels include designation of index points to control inflows to the systems, as well as 

controlling the pumpout cycling.  During the simulation, the model compares the computed tunnel stage 

at each index point to the input parameters to determine if changes are necessary.   The index points that 

control the drop shaft inflows are referred to as index drop shafts, and limit the inflow (expressed as a 

fraction of drop shaft capacity) relative to the computed water-surface elevation (CWSEL).  The 

simulated pumping is controlled by the CWSEL at the downstream ends of the tunnels.   The user-

specified input parameters include the elevations at which the pumping starts and stops. 

 

Beginning in WY 2000 the index drop shaft scheme was changed, resulting in fewer indices, and basing 

more of the drop shaft operations on a point farther downstream in the tunnel.  The intent of the changes 

was to enable the model to replicate actual operational practices, specifically with the drop shaft 

operations and pumping schemes.  The changes for the Calumet TARP system are described in Section 

4.5.3.  For the Mainstream and Des Plaines TARP systems “The dropshaft operation data was changed 
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only slightly, and resulted in closing off the inflows at a slightly lower elevation.” (U.S. Army Corps of 

Engineers, 2004b, p. 29).   The model results were compared with MWRDGC operations data to confirm 

that the simulated pressurization levels were reasonably close to observed levels. 

 

A larger change was made to the groundwater inflow to the Mainstream and Des Plaines TARP systems. 

The U.S. Army Corps of Engineers (2004b, p. 33) found that prior to WY 2000 “The comparison of 

simulated vs. observed values also indicated that the model consistently over-predicted the baseflow 

during low-runoff periods.”  To adjust the groundwater inflow the USACE focused on two extended dry 

periods October 17 to November 8, 1999 and December 18, 1999 to February 6, 2000.  As a result of this 

adjustment the annual groundwater inflow changed from an average of 53.9 cfs for WYs 1989 to 1999 

to29.65 cfs for WYs 2000 to 2005, and the average annual S/R ratio changed from 1.092 to 1.054 for the 

same time periods as a result of this change in groundwater inflow.  The Seventh Committees concurs 

with the Sixth Committee’s conclusion that this change in the groundwater inflow to the Mainstream and 

Des Plaines TARP tunnels is completely justified. 

 

4.5.6 Illinois Transient Model 

 

The Illinois Transient Model (ITM) is a Finite Volume (FV) model capable of simulating free- surface 

flows, pressurized flows, and their simultaneous occurrence throughout a pipe network (mixed flows).   

The FV equations of mass and momentum conservation are solved using a Gudunov-type Scheme (GTS), 

which belongs to the family of shock-capturing methods that conserve mass and momentum and provide 

sharp resolution of discontinuities without spurious oscillations (León et al., 2006).   Thus, a GTS is well 

suited to rapid transient flows in pipe systems.  In the ITM free-surface flows are modeled using the one-

dimensional (1-D) de Saint Venant equations, which are the same equations solved in TNET.   The 

pressurized region is modeled using the classical compressible water hammer theory. The transitions 

between free- surface and pressurized flows are modeled by enforcing mass, momentum, and energy 

relations across the transitions (León et al., 2008a). 

 

In the ITM  the modeling of pressurized flows  and  transitions between free-surface and pressurized 

flows is substantially different from how these are modeled in TNET.  In TNET the 1-D de Saint Venant 

equations are applied to pressurized flows and the transition between free- surface and pressurized flows 

is modeled using the Preissmann slot concept. The Preissmann slot is a fictitious slot added to the top of a 

pipe so that a fictitious free surface is present and the de Saint Venant Equations can be applied.  León et 

al. (2007 and 2009a) point out that in order to properly model the pressurized pipe flows and transitions 

the gravity wave speed in the slot must be equal to the water hammer wave speed.   This generally 

requires a very narrow slot.   Yen (1986) reported that the combination of the large water level in the slot, 

representing high pressures of the type likely in the TARP system, and small slot width results in 

numerical instabilities.  Such instabilities can be removed by making the slot wider.  However, the wider 

slot width destroys the equivalence between the water hammer (pressurized) and the free-surface flow 

equations and results in incorrect wave speeds and pressure heads (León et al., 2007 and 2009a).  It is 

likely that TNET with its fixed slot width would be subject to numerical instabilities, incorrect wave 

speeds, or both.  León et al. (2007 and 2009a) developed a tapered entrance to the Preissmann slot that 

substantially reduced numerical instabilities while preserving wave speeds for fully pressurized flows.    

However, this approach was abandoned in ITM because the Preissman slot concept cannot model cases of 

sub-atmospheric pressure that can occur in full pipe flow as transient waves propagate through a pipe 

system. 

 

The FV routines in the ITM have been extensively tested for a number of numerical and experimental test 

cases for (1) free-surface flow, (2) pressurized pipe flow, and (3) transitions between these flow 

conditions.  León et al. (2006) demonstrated the capabilities of the ITM for five test cases of free-surface 

flow: 
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1) hydraulic bores, 

2) the sudden opening of a gate separating two pools of still water in a frictionless horizontal sewer, 

3) the sudden opening of a gate separating two pools of still water in a horizontal sewer with 

friction, 

4) formation of roll waves, and 

5) scaled experimental measurements of unstready flow in a pipe made by Ackers and 

Harrison(1964). 

 

The results show that the GTS used in the ITM is significantly faster to execute than the fixed-grid 

Method of Characteristics (MOC) scheme with space-line interpolation, and in some cases, the accuracy 

produced by the GTS cannot be matched by the MOC scheme, even when a Courant number close to one 

(i.e. small Δt) and a large number of grids are used. 

 

León et al. (2008b) demonstrated the capabilities of the ITM for four test cases of pressurized pipe/water 

hammer flow: 

 

1) instantaneous downstream valve closure in a frictionless horizontal pipe resulting in a strong 

transient and discontinuity, 

2) gradual downstream valve closure in a frictionless horizontal pipe resulting in a strong transient 

and discontinuity, 

3) instantaneous downstream valve closure in a frictionless horizontal pipe for two-phase flow, and 

4) the two-phase flow experiments of Chaudhry et al. (1990). 

 

In both (3) and (4) the two-phase flow could be modeled with the single equivalent fluid concept (i.e. the 

amount of gas in the conduit is small).  The results for one-phase flows showed that, when a Courant 

number very close to 1.0 is used, the MOC scheme is more efficient than the ITM scheme.   When the 

Courant number drops below about 0.95, the ITM scheme is more efficient than the MOC scheme and 

another FV scheme, especially for smooth transient flows (i.e. no discontinuities).  The results for two-

phase flows showed that the ITM scheme is much more efficient than the MOC scheme.   The good 

performance for a wide range of Courant numbers is important because transient flows in sewer systems 

may result in a wide range of Courant number values (León et al., 2008b). 

 

León et al. (2010) demonstrated the capabilities of the ITM for three test cases of transitions between 

free-surface and pressurized flow: 

 

1) a  positive  interface  between  free-surface  and  pressurized  flow  reversing  direction  and 

becoming a negative interface after the experiments of Trajkovic et al. (1999), 

2) a positive interface between free-surface and pressurized flow after the experiments of Cardle 

et al. (1984), and 

3) a case of subatmospheric pressures in the pressurized flow regime after the experiments 

ofVasconcelos et al. (2006). 

 

The results showed that the proposed model is robust and it can accurately describe positive and negative 

interfaces between free-surface and pressurized flows, interface reversals, and it can simulate sub-

atmospheric pressures in the pressurized flow regime. 

 

León et al. (2010) demonstrated the capabilities of the ITM for four test cases on various configurations 

of the Calumet TARP system.  The scenarios included the following: 
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1) two different configurations of the system, one simplified version including primarily the 

main tunnels and lumped inflow hydrographs, and a second, more detailed version with the 

branch tunnels and a greater number of inflow points. 

2) two pressure wave celerities. and  

3) two reservoir conditions (with and without the Thornton Reservoir).   

 

The conclusions of the modeling study included: 

1) The  results  of  water  levels  at  dropshafts,  reservoirs  and  other  open  boundaries (shown 

in León et al. (2009b) but not in this paper) are not significantly affected by the pressure 

wave celerity (a) used in the computations. However, the pressure heads inside the conduits 

are highly dependent on a. Hence, the actual value of α (celerity) must be used when 

performing a transient analysis of the system.  

2) Large pressure transients may occur even when no overflows occur in the system. These  

large  pressure  transients  may  become  even  much  larger  when  hydraulic structures 

associated to the system are not operated appropriately during the storm event (e.g., sudden 

closure of gates). 

3) The operation of the Thornton reservoir will reduce the pressure transients in the Calumet 

system significantly. 

 

The general conclusion of the foregoing tests is that the ITM represents an advance in computational 

efficiency, economy in terms of memory requirements, and improved accuracy relative to commonly used 

Method of Characteristics approaches.    The ITM is capable of simulating dry bed flows, unsteady free-

surface flows, unsteady pressurized flows, and the simultaneous occurrence of free-surface and 

pressurized flows in a pipe network.  The ITM can accurately describe complex flow features, such as 

positive (moving toward the free-surface flow region) and negative (moving toward the pressurized flow 

region) interfaces between free-surface and pressurized flows including supercritical flow conditions, 

interface reversals, gradual and instantaneous valve closures, simple two-phase flows, and free-surface 

surges and roll waves. For these reasons, the ITM represents an advance over TNET in terms of 

computational abilities with respect to the simulation of transient phenomena  It is important to noet that 

the capability of handling such transient effect offers little benefit to diversion accounting when 

considering  the cost of increased complexity of numerical computations. 

 

Even though the ITM represents a substantial advance over TNET it will require additional modifications 

before it can replace TNET in the diversion accounting. Whereas the ITM has been shown to be accurate 

and efficient for numerical examples and small-scale laboratory cases, its application to the full scale of 

the TARP system is still under development.   However, long-term simulations are still being developed 

as are ITM models for the Mainstream TARP system including the North Branch leg.  The USACE 

should monitor the progress of the ITM model and should work with the U of I and the MWRDGC to 

evaluate the ITM model for potential use in diversion accounting once the models are fully developed and 

tested. 

 

The current LMDA modeling scheme employs the use of HEC-DSS for a substantial portion of the data 

management, which has distinct advantages in terms of ease of management and the minimization of 

potential data linkage errors.  The current hydraulic modeling tandem of SCALP and TNET includes the 

ability to simulate the apportioning of interceptor flows into the TARP system.  The UIUC tunnel model 

relies on the SWMM model (an additional modeling step) to determine the distribution of excess 

interceptor flow to the tunnel (via dropshaft) or to the river (via CSO outfall). The evaluation and possible 

acceptance of ITM as an alternative to TNET should include additional considerations such as the 

management of input and output data.   
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5.0 FLOW MEASUREMENT 
 

5.1 OVERVIEW 

The Seventh Technical Committee critically examined the flow measurement components, techniques, 

and instrumentation used in the Lake Michigan diversion accounting. Since the 2009 review of the Sixth 

Technical Committee, no major changes were made in the flow measurement, except for the application 

of acoustic flow measurements at Summit Conduit, which is still in flux. Figure 5.1 illustrates the primary 

system of waterways and locations of the controlling works and the Lemont gaging station (Figure 5-2).  

 

Since there are no new components that must be accounted for to characterize the diversion and the 

Committee is not aware of any significant changes in monitoring, operation, and processing of the 

acquired data, the main focus of this section is the evaluation of the discharge measurements, which are 

critical for the Lake Michigan diversion accounting. Special attention is given to (a) the discharge data 

collection program carried out at the Lemont Gauging Station and (b) the monitoring activities and 

procedural upgrades to improve the accuracy and reliability of the data collected with acoustic 

instruments. 

 

The following sections summarize the Committee’s evaluation of the primary water-measurement 

activities at Lemont.  

 

5.2 EVALUATION OF ACOUSTIC FLOW MONITORING ACTIVITIES 

 

5.2.1 Main Acoustic Instruments 

Acoustic instruments are rapidly replacing conventional current meters for measurement of velocities in 

natural and man-made open channels. Greater efficiency, improved performance, and numerous safety 

considerations at comparable costs have provided the motivation for their broad adoption in hydrologic 

data collection operations. They have no moving parts, offer relatively high spatial and temporal sampling 

resolution, and require fewer calibrations. Moreover, they allow measurements in field settings where 

conventional measurements are very difficult or costly to obtain. These technologies have profoundly 

changed the way that hydraulic data are collected by researchers, engineers, and technicians alike, being 

applied to measure velocity and thereby estimate important velocity-derived hydrodynamic quantities in 

support of riverine research and to complement numerical simulations and laboratory studies. Acoustic 

instruments are currently used for routine operations on water delivery projects, water treatment plants, 

stream gaging stations, and many other water resources-related projects. 

 

The primary and secondary (backup) discharge measurements at the Lemont gaging stations (Figure 5.2) 

are carried out by acoustic instruments. Specifically, Acoustic Velocity Meters (AVM), Acoustic Doppler 

Velocity Meters (ADVM), and Acoustic Doppler Current Profilers (ADCP) have been applied in the 

diversion accounting. The configuration and principle of operation for the three instruments are sketched 

in Figure 5.3. AVMs work using the “time of travel” principle (Ruhl and Simpson, 2005). An AVM 

system is comprised of a pair of acoustic transducers that are aimed at each other and are mounted at the 

same depth diagonally across a channel (Figure 5.3.A). An AVM measures the water velocity by sending 

an acoustic pulse between the transducers in both directions. An acoustic signal that has a component 

traveling in the same direction as the water (from A to B in Figure 5.3.A) will arrive earlier than an 

acoustic signal that is traveling against the water velocity (from B to A in Figure 5.3.A). The water 

velocity along the acoustic path is proportional to the difference in time it takes the acoustic signal to 

travel between the two transducers. As such, AVMs sample the velocity over the full cross section at the 

levels of the acoustic paths (transducers). The AVM systems can have more than one acoustic path; for 

example, there can be multiple paths in the vertical with pairs of transducers mounted at different 

elevations in the water column. At Lemont, three paths in the vertical are used. 
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Figure 5-1:  Primary elements of the Chicago Waterway System, controlling works, and Acoustic 

Velocity Meters maintained by the USGS. 
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Figure 5-2:  Location of the CSSC Lemont streamflow gaging station. 
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Figure 5-3:  The configuration of the main acoustic measurement instruments utilized in the CSSC 

stream gaging: A) Acoustic Velocity Meter (AVM); B) side-looking Acoustic Doppler Velocity Meter 

(ADVM; and C) Acoustic Doppler Current Profiler (ADCP). 

 

 

C 
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ADVMs utilize monostatic transducers, or transducers that both send and receive an acoustic pulse (see 

Figure 5.3.B). An acoustic pulse of a known frequency is sent out into the water column along the 

acoustic beam. A fraction of that acoustic pulse is reflected by small particles in the water, returning to 

the transducer at a frequency that has been shifted due to the Doppler effect. The water velocity within the 

acoustic beam is determined from the Doppler shifts of sound waves reflected off of particles moving 

with the water. ADVM profilers use diverging beams for velocity measurement, but contain sophisticated, 

high-speed, signal processing software that can calculate multiple velocities from numerous range-gated 

sample volumes (bins) along the beam path. Both the size and number of these bins can be controlled 

from the ADVM firmware and usually are spaced evenly along the main beam axis. In contrast to the 

AVM, the ADVM samples only a fraction of the cross section because of the initial blanking distance 

near the probe and the near-wall interference at the far side of the channel. The ADVM transducer beam 

can be aligned in any direction. Velocity samples are collected along this path. The ADVM transducer 

used in the CSSC is of the side-looking configuration type (see Figure 5.3.B), using Teledyne RD 

Instruments Channel Master  (600 kHz) with two side looking beams and a water level transducer 

(Teledyne 2013).  

 

Finally, ADCPs operated from moving boats (typically a Rio Grande ADCP, Teledyne 2013) are used to 

directly obtain discharge measurements (see Figure 5.3.C). ADCP transducers emit a sound burst directed 

downward. The echoes returned from the particles carried by the currents and from the streambed are 

recorded by the same transducer similarly to the ADVM. Sound echo analysis allows ADCPs to measure 

the speed of the particles moving along the beams using measurements along multiple beams (three or 

four oriented at divergent beam angles in different directions), the magnitude and direction of the water 

currents at many levels through the water depth can be obtained, similar to a “current profiler”. Using the 

echoes scattered by the bed, ADCPs determine the speed-over-ground and path of travel, this process is 

often referred to as “bottom tracking.” 

 

The USGS is also experimenting with a bottom mounted, up-looking ADCP (1200 kHz Rio Grande, 

Teledyne 2013).  This sensor would provide a more complete measurement of the vertical velocity 

distribution. All the acoustic sensors do not measure water velocity near the bottom and near the water 

surface. However the side-looking AVM and ADVM measure a much smaller slice of the vertical 

velocity profile than the up-looking ADCP. The up-looking ADCP measures only a small slice of the 

horizontal velocity distribution, while the side-lookers capture all (AVM) or most (ADVM) of this 

distribution.. 

 

The above discussion in this section applies mostly to the gauging station near Lemont. The other sites 

have fewer issues, and most are not used directly in the accounting. Summit conduit is discussed 

separately. 

 

5.2.2 Measurement Procedures 

In general, the direct measurement of stream discharge requires onsite personnel and instrumentation, 

thus most discharge records are developed using empirical ratings to estimate the discharge based on 

measured water stages. For unsteady flow situations, a one-to-one relationship does not exist between 

stage and discharge (Henderson, 1966). For channels under backwater or drawdown, as is often the case 

for the CSSC, the stage alone is also insufficient to determine the discharge. Direct measurements of the 

velocities are needed to estimate discharge in such flow conditions. The advent of hydroacoustics 

instruments three decades ago has resulted in a family of rating methods that use the velocity, in addition 

to the measured stage, to estimate the discharge. While different methods have been utilized to 

incorporate the velocity data into discharge ratings, the method that is becoming widely accepted is to 

multiply the average velocity in the stream channel (determined using an index-velocity rating) by the 

channel area (determined using a stage-area rating). Index-velocity ratings involve establishing an 

empirical relation between the “index” velocity and the “actual” mean velocity in the cross section. This 
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is done by fitting a relation between “actual” mean velocities determined from calibration-discharge 

measurements (for example, using ADCPs) and corresponding “index” velocities measured using an 

AVM or ADVM. The area of the cross section can be determined from the measured water level and a 

relation between the cross-sectional area and the water level. The discharge is then determined by using 

the measured index velocities with the index-velocity rating and multiplying the resulting means velocity 

by the area of the cross section. To insure reasonable accuracy, it is important to determine the 

relationship between the “actual” to “Index” velocity over the full range of velocities to be measured. 

 

At the Lemont gaging stations, the index-velocity approach is used to estimate the primary and secondary 

discharges: the AVM is used as primary the instrument and ADVM is used for backup. Jackson et al. 

(2012) demonstrate that this method can provide good estimates of discharge on the CSSC for both the 

AVM and the ADVM, since the conditions of these measurements are well suited to the index-velocity 

method.  

 

The measurement protocols for the Lemont stream-flow station on the CSSC prescribes that the missing 

records for the AVM are filled, to the extent possible, with velocity and discharge records from the 

backup ADVM measurements. The ADVM discharge record uses a different stage-area rating than the 

AVM (although they are similar), and an index-velocity rating curve developed specifically for the 

ADVM. If both the AVM and ADVM fail, then the daily discharge is estimated by using multivariate 

regression equations based on daily flows at Lockport reported by the MWRDGC, provided by the 

Illinois Department of Natural Resources-Office of Water Resources (IDNR-OWR). The regression 

equations for estimating discharge at the upstream gaging station on the basis of MWRD discharge 

estimates at the Lockport Powerhouse, Lock, and Controlling Works are dependent on discharge 

estimates through various outlet components: turbines, lockage, and leakage; powerhouse sluice gates; 

and controlling works. The regression equations used to estimate discharge at Romeoville based on flow 

estimates at Lockport are described by Johnson, et al (2012). USGS is experimenting with new equations 

for estimating flows at Lockport (Straub et al. 2012). These experiments are discussed in detail in Section 

5.3.2 and 5.3.3. 

 

5.2.3 Uncertainty Analysis Considerations 

The uncertainty of annual discharge measurements with the index velocity method at stream gaging 

stations in the CSSC can be caused by errors in the cross sectional area or errors in the estimated velocity. 

Errors in the cross sectional area can be caused by water level measurement errors or by errors in the 

stage-area relationship. Errors in the stage –area relationship can be caused by a poor fit to the measured 

data or because of variations in area caused by changes in the channel cross section, for example as the 

result of sedimentation. At the Lemont gaging station, bottom measurements are made routinely so that 

changes in cross sectional area can be detected. Errors in flow rate can be caused by errors in the 

measured velocity and errors in the relationship between the actual and index velocity. 

 

The various errors\uncertainties have two main components: random uncertainty and systematic 

uncertainty.  . Each measured quantity has both systematic and random components.  For example, the 

reading from a water level sensor will change over time, even under “steady” conditions. This is 

considered a random error. The reference for the water level may be set incorrectly, such that the sensor 

reading is always too high or too low. This is a systematic error. In most cases, random errors are reduced 

by repeated measurement, since the average of the measurements will approach the true average value as 

the number of measurements (samples) increases. For determining an annual volume, there may be 

hundreds or thousands of water level measurements. Thus the random water level measurement error can 

usually be ignored. The systematic measurement is the same for all measurements, so it has a direct effect 

on the estimate for average annual flow.  . Some care is needed in understanding which errors are random 

and which are systematic. For example, each transducer has a systematic error in its measurement of 

velocity. If one meter (transducer) is used, then the discharge measurement will inherit this systematic 

error. If multiple meters are used, each with a different systematic error, then the systematic error of the 
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overall measurement will be reduced through the use of multiple meters. But one has to be careful in how 

the resulting systematic error is determined since it depends on how frequently the different meters are 

used. For example, if one meter is used for 90% of the measurements, the systematic error is hardly 

changed due to the use of a different meter for the other 10% of the measurements.  

 

Duncker et al. (2006) evaluated the uncertainty of AVM measurements for the gaging station at 

Romeoville. They evaluated the systematic and random errors associated with these measurements. They 

showed that the uncertainty of discharge measurements for the AVM at Romeoville was approximately 

plus or minus 2% (one standard deviation), depending on assumptions regarding ADCP measurements. 

(Additional calculations were also provided for other measurement sites). This confirms the analysis by 

Melching and Meno (1998), who found average errors between 0.3 to 2.7% for velocities larger than 0.6 

m/s. 

 

A short discussion of random and systematic uncertainty for the factors discussed above will help identify 

where additional analysis is needed to capture uncertainty more completely. The discharge at Lemont is 

computed based on a 10-minute average of the AVM-based index velocity times the associated cross 

sectional area, based on water level measurements. There are 52,560 10-minute readings in a year. These 

values are averaged to determine the average annual flow rate. Based on first order error analysis and 

assuming the random effects do not change over time, random errors would by multiplied by 52560
-0.5 

= 

0.0044. Thus random errors will not be significant. (This value would be even smaller when considering 

that 2-minute data is averaged to arrive at the 10-minute AVM velocity). The actual equations to 

determine discharge (Q in cfs) used for the AVM at Lemont are described below, where depth is in ft. and 

velocity is in ft/s. 

 

Discharge 

equation 
  

Area equation  USGS (2013) 

Velocity 

equation 
 USGS (2013) 

 

Both the Area and Velocity equations are determined based on regression relationships with boat mounted 

ADCP measurements. The random errors associated with depth and velocity for both the ADCP 

measurements and the AVM/depth-sensor measurements (that is, VelocityAVM and Heightgauge) are 

captured in the equations’ regression relationship that express goodness-of-fit. These regression equations 

essentially assume that the ADCP measurements give the actual velocity and area.  The systematic errors 

associated with the AVM/depth sensor measurements are captured in the equations, assuming these 

sensors were not changed/adjusted or did not drift since the ADCP measurements were taken. However, 

the systematic errors in the ADCP area and velocity measurements need to be considered separately, since 

they are not captured in the regression equations. More ADCP calibration measurements should reduce 

the uncertainty of the regression fit, but they do not remove the systematic errors.  

 

USGS is in the process of developing a standard practice for determining measurement uncertainty for 

stream gauge measurements. Sauer and Meyer (1992) evaluated the various errors associated with current 

meter measurements. These included uncertainty from the following: the observed current meter velocity 

(that is, the meter itself), oblique flow, the vertical velocity distribution, the horizontal velocity 

distribution, pulsating flow, and depth measurements. Similar uncertainties are also associated with 

acoustic meters, although details can differ. ISO provides standard procedures for estimating uncertainty 

of flow measurements (ISO 1995). Huhta and Sloat (2007) evaluated both the ISO method (ISO 2003) 

and a method developed for the Sontek Flow Tracker with help from the USGS. Both methods are 

reported by this instrument. Both methods have advantages and limitations. USGS is encouraged to 

provide recommendations on procedures to use for estimating the accuracy of acoustic meters for stream-
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gauge measurements. For the CSSC, this is particularly important for establishing the systematic 

uncertainty for the boat-mounted ADCP which is used to establish the calibration of AVM and ADVM 

measurements in diversion accounting. 

 

The cross-sectional area equation used in the 2006-2009 index-velocity procedure for determining 

average annual discharge was found to be in error. This caused errors in the average annual discharge of 

roughly 2%. These prior, approved records will not be corrected. A new area equation was developed, as 

shown by the equation in the preceding table, and will be applied to 2010 and future years. 

 

The USGS (Jackson et al. 2012) made a comparison of the index-velocity measurement made with the 

AVM and AVDM at Lemont. They believe that the ADVM measurement is as accurate as the AVM 

measurement, suggesting a potential change from AVM to ADVM for the primary measurement. This has 

not been adequately documented with an uncertainty analysis. 

 

5.2.4 Frequency of Calibration 

ADCP measurements for calibration are conducted at Lemont several times per year. The original 

calibration for the AVM index velocity was based on 45 ADCP measurements from January 2005 to 

March 2010, while the calibration of the ADVM index velocity was based on 42 ADCP measurements 

from June 2005 to March 2010. ADCP index velocity calibrations since March 2010 had been considered 

“verification” measurements. These are now used in the new rating equations (USGS, 2013). Recent 

emphasis has been on developing index velocity rating measurement in the middle of the velocity range. 

These points are typically only encountered when the water level in the ship canal is drawn down to 

accommodate storm inflows. Such changes are made relatively suddenly, which does not allow USGS 

personnel sufficient time to conduct ADCP measurement. 

 

The index-velocity relationships do not appear to be changing over time. But as discussed under the 

section on uncertainty, changes in instruments may cause these relationships to change slightly. The 

USGS does not appear to have a strategy for updating this calibration. Prior USGS practice would create a 

shift in the calibration, sometimes every time a calibration is made, to account for real changes in the 

hydraulic condition, for example seasonally. This site is relatively stable, such that frequent shifts in the 

calibration do not appear necessary. Clemmens and Wahlin (2006) discuss the trade-off in making annual 

discharge estimates between not shifting the calibration when there are trends in the stage-discharge 

relationship over time and shifting the calibration and thereby introducing random error when the stage-

discharge relationship is not actually shifting. This does not appear to be an issue here, but a strategy or 

criteria when a new calibration is required should be considered.  

 

For the initial calibration, variations in the regression equation for index velocity could not identify 

variation in the coefficients as a function of stage. As more data is collected, sufficient data may become 

available to either confirm that no relationship exists, or suggests that it does exist. 

 

5.2.5 Flow Unsteadiness 

The Sixth technical committee expressed concerns that there might be hysteresis in the index-velocity 

rating. The hysteresis causes the measured velocity to deviate significantly from the index velocity. If 

such a condition occurred during calibrations with the ADCP, the scatter of index velocity data (ADCP 

versus acoustic meter data) would be much wider. The existing data do not show such a scatter. However 

this data is collected for such a small fraction of the time that there is concern that such scatter could exist 

during unsteady flow events, events at which the USGS staff has difficult collecting data. Jackson et al. 

(2013) conducted a rigorous evaluation of the potential for hysteresis in the velocity index method at the 

Lemont gauge site. Their conclusion was that hysteresis in the velocity-index rating is highly unlikely at 

this site. 
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As described in the Sixth Committee Report, hysteresis can occur in natural channels during periods of 

extremely rapid increases and decreases in flow, essentially rising and falling limbs of a flood 

hydrograph. These waves travel according to Kinematic wave processes, where the speed of the wave is 

dominated by mass continuity (Henderson 1966, Sec. 9.3). Hysteresis can clearly occur in stage-discharge 

relationships under unsteady flow (Henderson 1966, Sec 9.8), but there was question regarding whether 

or not this also occurred in velocity-index relationships. For hysteresis to occur in velocity-index 

relationships, there has to be a significant change in the velocity distribution. Jackson et al. (2013) 

showed that the shift in velocity distribution would have to be extreme in order for hysteresis to have a 

significant impact. Modeling showed that this did not occur, even under extreme flow changes. ADCP 

calibration data during the rising limb of a hydrograph supports the assertions of Jackson et al. (2013). 

Unfortunately, the data during this rising limb is limited. Additional data would further support these 

results. 

 

The second case where hysteresis has been observed is under tidal influences where the site is under 

backwater. Such hysteresis can occur when there are density currents that cause the velocity distribution 

to deviate from an assumed logarithmic form, such as when flow reversals occur. Density currents and 

flow reversals have been observed in the Chicago River at Columbus Drive. They have not been observed 

at the Lemont Gauging Station. The USGS up-looking ADCP has been used to determine whether such 

flow reversals exist.  

 

The CSSC is a canal, not a natural stream. Flow at the Lemont Gauging Station is under backwater most 

of the time. Backwater itself (for example in the absence of density current) will not cause hysteresis in 

the velocity-index method. The flow at Lemont Gauging Station is under drawdown when the MWRD 

draws the canal down to prepare for a flood event. Even if hysteresis in the velocity-index method did 

occur when the water surface is under drawdown, this occurs for such a short duration that it would have 

little effect on the average annual discharge. 

 

Unsteady flow in canals that are under backwater causes waves to travel up and down the canal. These are 

dynamic or gravity waves, not kinematic waves. Under extreme backwater, they are like waves sloshing 

in a bathtub. These waves reflect off obstructions and boundaries. The major boundaries and obstructions 

(including tributary locations) cause water to oscillate at the frequency of travel to and from the 

obstruction. These waves are attenuated over time due to frictional resistance. Litrico and Fromion (2004) 

developed models of the frequency response of waves in open channels. Overloop et al (2010) developed 

procedures for identifying these waves, through Bode diagrams. They found that resonance waves are 

more pronounced under backwater conditions because of the low frictional resistance, relative to flow at 

normal depth. In all cases, the higher order response had a smaller magnitude than the first order 

response. Clemmens et al (2012) found that resonance waves in canal pools under normal depth were 

entirely damped. The downstream response to an upstream flow change was an attenuated change in 

depth and discharge, whereas pool under backwater showed sudden, nearly step changes in depth and 

discharge. 

 

Jackson et al. (2012) developed a power spectrum (similar to Bode plot) of velocity data to identify the 

frequencies observed in the CSSC. They suggest that there might be some correlation between the 

oscillations based on dynamic wave theory (that is waves traveling at the speed of celerity). This is 

encouraging. However, some of the first order resonse oscillations from the major obstructions were not 

there or are very weak, for example dynamic waves traveling at the frequency related to flow from 

Lockport to the Chicago Controlling works did not show up in the power spectrum and the dynamic wave 

traveling at the frequency related to flow from Lockport to Willmette was very weak. If the first order 

response is not observed, the second-order and higher response will not be observed either. If waves 

appear to occur at higher frequencies and the first-order response is weak, they are more likely due to 

oscillations from other obstructions, for example the waves traveling from Lockport to the Cal-Sag 

junction or from the Cal-Sag junction to the intersection of the north branch of the Chicago River. It is not 
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important to know exactly what is causing these oscillations, but it is important to understand what 

influence they have on the Diversion Accounting. 

 

Jackson et al. (2012) suggest that the timing of flow changes at Lockport Dam and Controlling works 

might influence these waves. However, this is not likely. These are a one-time occurrence. The initial 

action might start a reflection wave, but these would not show up as a resonant frequency, which requires 

repeated, regular oscillations at that frequency. Further, when the canal is lowered to capture flood water, 

the canal goes into drawdown model. It is unlikely that these reflection waves would be observed under 

drawdown (or even normal depth). These are strictly associated with backwater. The kinematic wave 

formed from a change at Lockport could be substantial. But, if the flow is not under backwater, these 

waves will be a one-time occurrence and will not cause significant reflection waves. It would be 

interesting to separate the data set used to generate the power spectrum into conditions where the canal 

was under backwater and conditions where the canal was under drawdown. It should show no oscillations 

when under drawdown. The peaks in the power spectrum might be stronger if the drawdown conditions 

are removed. 

 

5.2.6 Suggestions for Rating Curve Improvement 

The Seventh Committee is extremely pleased with the efforts by USGS, with support from the Chicago 

District, at improving the accuracy and reliability of the stream gauging at Lemont. Internally within the 

USGS, discussions are ongoing regarding separating the transects into smaller groups for calibration 

when the flow is unsteady. This would provide a mechanism for examining whether or not unsteady flow 

resulting from oscillation waves is influencing the flow measurement. The AVM and ADVM take data 

essentially continuously, while it might take half an hour to collect data with the moving boat ADCP 

instrument. If flow changes due to a wave during one transect of the ADCP measurement process, 

averaging all the transects would result in bias because of the influence of this wave. By separating the 

data and analyzing individual transects separately, the calibration points might end up at different 

locations on the index velocity regression, reflecting different flow rates and velocities. If these 

calibration points all fall on the same regression line, then you can be confident that the unsteadiness of 

flow is not influencing the estimate of discharge. If one or more point falls off the regression line, it might 

suggest that there is some unsteady-flow influence. While one might expect some random variation, if the 

variation is extreme, this could be used as justification for removing that data point from further analysis 

(i.e. from the calibration). Such an evaluation likely would not change the current regression relationship, 

but might be used to determine whether or not unsteady flow is influencing the results, which might lead 

to development of a mechanism for removing the data which shows oscillation wave action. 

 

5.2.7 Summit Conduit 

Summit conduit transports water from a portion of the Des Plaines River Watershed under the Des 

Plaines River and into the CSSC. This water does not originate from Lake Michigan nor a Lake Michigan 

watershed, and thus is included in diversion accounting. Since this water flows into the CSSC upstream 

from the Lemont Gauging Station, it is subtracted from the flow measured at Lemont for the purpose of 

Diversion Accounting. It is a relatively small flow (typically 10 to 20 cfs average annual flow which is < 

1% of Annual Lake Michigan Diversion limit). This is a temporary measurement site for calibrating the 

rainfall-runoff model for this watershed. Itt is included in this section on flow measurement because it is a 

stream-gaging site.  

 

Johnson and Goodwin (2013) describe the effort by the USGS to instrument this site with an ADVM 

mounted in the bottom of the conduit. The conduit is round at the top, but is v-shaped near the bottom. At 

high flows, the culvert entrance is drowned, making it difficult to visit the site to make comparison 

measurements and observe flow conditions. It also caused failure of the electronics, which were mounted 

on the railing above the conduit entrance. Comparison measurements at high flow are relatively difficult 

to obtain, due to accessibility and entrance conditions. The instrumentation was removed during 2013 so 

that the conduit could be repaired to reduce leakage from the river into the conduit. For conditions where 
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the flow was calibrated, USGS considers the uncertainty fair, while at higher flows, uncertainty is 

considered poor. 

 

There is concern about the flow conditions during high flows, and whether they would influence the 

measurement accuracy. During the field visit on October 16, 2013 the committee and USGS personnel 

discussed the possibility of placing the measurement structure at the downstream end of the conduit. 

Based in this visit, it appeared feasible to relocate the ADVM there. This may remove the concerns about 

measurement accuracy at high flows. It may also be feasible to place a small weir at the downstream end 

to created higher water depths at low flows. 

 

5.3  ALTERNATIVE FLOW MEASUREMENTS AT LOCKPORT DAM AND 

CONTROLLING WORKS 

 

5.3.1  Reliability of Lemont Gauging Station Measurements 

Diversion Accounting uses the flow measurement at the Lemont Gauging Station as the primary 

measurement of Lake Michigan diversions, with small additions and subtractions. There are currently two 

measurement instruments there to measure flow; 1) AVM with transmitters mounted at three different 

elevations and 2) and a horizontal ADVM. The AVMs represent the primary measurement and the 

ADVM is the secondary measurement. For the AVMs, a cable was laid in the canal resting on the bottom. 

If this cable is cut, which occurred once at this site, the secondary measuring device (AVDM) is used for 

diversion accounting. Recently, the site lost power such that both the AVM and ADVM were not 

operational. In this case, the flows computed from the MWRDGC records at the Lockport Dam and 

Controlling Works are used in the diversion accounting. For accounting purposes, the calibrations at these 

sites are based on regression relationships between the discharges reported by MWRDGC and the 

measured discharges at the Lemont gage from 2004 – 2008 (Johnson et al 2012). The discharges reported 

for these sites is not considered very accurate, due to poor calibration relationships. 

 

In an attempt to improve the quality of these discharge estimates, USGS has been examining methods for 

improving the MWRDGC measurements at Lockport (Straub et al 2012). The Committee recognizes the 

challenges for flow measurement at these sites, and suggests that efforts should be made to provide 

backup power for the measurement station at Lemont so that measurements at Lockport can be avoided in 

the Lake Michigan Diversion Accounting. USGS suggested making the AVDM the primary measurement 

method, and removing the AVM if the cable is cut again. Based on the low quality of measurement at 

Lockport, the committee does not support removing the AVM at Lemont, unless repair costs become 

excessive. 

 

5.3.2  Lockport Controlling Works 

For Diversion Accounting, the flow at Lockport Controlling works is determined from a rating curve 

develop by USACE in the mid 1980s (Hart and McGee 1985) based on upstream and downstream water 

levels measured by MWRDGC. Because of the uncertainty of this relationship, USGS developed a 

regression relationship between the value computed by MWRDGC and the flow measurements made at 

Lemont.  USGS recently attempted to improve the rating for the controlling works (Straub 2012). 

Unfortunately, data from the MWRDGC gage downstream from the controlling works was not 

available.The Seventh Committee recognizes the difficulty with calibration at this site and encourages 

USGS to continue their investigations.  

 

5.3.3  Lockport Powerhouse 

Similar to the Lockport Contolling Works, the flow used in diversion accounting at Lockport powerhouse 

is determined from a rating curve develop by USACE in the mid 1980s (Hart and McGee 1985). 

Calibration through the powerhouse depends on the efficiency of the turbines, which can vary over time. 

This relationship can be calibrated, and should not vary widely if the turbines are properly maintained. 

Calibrate of the sluice gates is more complex. USGS attempted to develop new rating curves for these 
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sluice gates, but were unable to collect sufficient data. USGS is encouraged to continue efforts to calibrate 

these gates.    
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6.0    SUMMARY OF SEVENTH TECHNICAL COMMITTEE’S 

FINDINGS AND RECOMMENDATIONS 
 

6.1 OVERVIEW 

 

6.1.1. The Seventh Technical Committee has determined, based on review of the Lake Michigan 

Diversion Accounting for WYs 2006, 2007, 2008, and 2009 is in compliance with the 1980 

Modified Decree, with respect to the “best current engineering practices and scientific 

knowledge”. 

 

6.1.2 The Seventh Technical Committee is in general agreement with the findings and 

recommendations made by the Sixth Technical Committee. 

 

6.1.3 The acoustical flow measurements have not only met the standard of “best current engineering 

practice and scientific knowledge”, but the USACE and the USGS have established an even 

higher standard. 

 

6.1.4 The Lake Michigan Diversion Accounting Procedure manual has been completed (9/30/2013).  

Continual revisions should be made to keep this manual up to date. For example, the manual does 

not discuss use of data from Lockport Dam and Controlling Works in diversion accounting as a 

substitute for the Lemont Gage. 

 

6.1.5 The summary reports of the Fifth and Sixth Technical Committees include numerous examples 

and citations of previous applications and use of regional parameters sets.  The Seventh concurs 

that the “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.”   

 

6.1.6 Even though watersheds are not necessarily broken out in the accounting process, it would be 

useful to document inflows to and outflow from each watershed, as an intermediate product. A 

diagram for each watershed would be useful. These should identify the source of the input data. 

This would provide an important tool for future Technical Committee review. 

 

6.1.7 Maps and GIS shape files should be developed that clearly delineate each watershed or sewershed 

that contributes to the diversion accounting. These should include Flow Diagrams that indicate 

the division of water at key locations. These diagrams should also include key features such as 

canals, rain gauges, treatment plants, tunnels, etc… 

 

6.1.8 The water supply input to simulation models should be more thoroughly documented, particularly 

per capita water use. 

 

6.1.9 The Chicago District, Army Corps of Engineers, should explore the possibility of including the 

Lake Michigan Diversion Accounting (Col 11-13) referred to as the “Verification Method“ with 

the current accounting method to provide a better estimate of Lake Michigan Diversions. 
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6.2 HYDROLOGIC AND HYDRAULIC MODELING 

 

6.2.1 Models used in LMDA 

6.2.1.1 The versions of HSPF, SCALP and TNET currently used in LMDA are DOS-based; may have 

future hardware and computer operating system issues. 

6.2.1.2 The Committee reviewed the models used in the LMDA processes, primarily HSPF, SCALP and 

TNET, and concludes that the models and modeling strategy are adequate for the purpose of 

diversion accounting and meeting the standard of “best current engineering practice and scientific 

knowledge.”    

6.2.1.3 The numerical processes employed by the H&H models are still current and appropriate.  There 

are numerous newer models currently available that have similar capabilities as the LMDA 

models currently in use. These newer models were developed for more modern computer 

technology, while the older models are written in FORTRAN, which is increasingly difficult to 

support.   Potential model replacements could be selected that are similar, but the development of 

model input and the calibration would require significant effort in order to match or exceed the 

performance of the existing model system. The Corps should consider developing a plan for the 

eventual replacement of these models. 

6.2.1.4 HEC-HMS – used in the Des Plaines River spillover simulation to compute a portion of the 

hydrologic inputs for HEC-RAS.  This model fully meets “best current engineering practice and 

scientific knowledge” criteria. 

6.2.1.5 HEC-RAS – used in spillover and to compute Indiana water supply flowing to CSSC via Grand 

Calumet River.  This model fully meets “best current engineering practice and scientific 

knowledge” criteria. 

6.2.1.6 Regarding validity of model parameter transfer, the “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.”   

 

6.2.2 Development of current HSPF parameters 

6.2.2.1 The original model was suitably calibrated for the purposes of the diversion accounting through 

WY 1999 

6.2.2.2 Several recalibrations studies have been performed over the past 15 years.  The recalibration of 

the forestland parameters (used in WY2008 and forward) and grassland parameters (ongoing 

study) have expanded in scope, and have included a higher level of detail regarding land-use.  

This is appropriate, and this improved methodology should be adopted as standard.  The most 

recent recalibration studies, once reviewed and approved, should be utilized to update the HSPF 

parameters. 

6.2.2.3 Regarding hydrologic similarity, the regional HSPF parameter approach and original calibration 

of HSPF meet the Supreme Court requirement of using the “best current engineering practice and 

scientific knowledge.”  However, because of a lack of documentation on the transfer, additional 

checks of simulated flow are needed to confirm the accuracy of the HSPF model applied to the 

diversion accounting.  The additional checks include the assumed values for consumptive use, 

and monitoring of the replacement of combined sewers with separate sewer systems. 

 

6.2.3 Methodology for Estimating Impervious Area 

Methods employed by USGS in recent recalibration studies meet “best current engineering practice and 

scientific knowledge” standard. 

 

6.2.4 Snowmelt 

Citing reevaluation of snowmelt parameters (2008) by USGS, revision of snowmelt parameters is not 

appropriate.  Recalibration attempts produced results that were generally inconclusive, and would have 
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been difficult to regionalize for use in HSPF.  The snowmelt algorithm in HSPF meets “best current 

engineering practice and scientific knowledge” standard. 

 

6.2.5 Simulation of runoff from Des Plaines Basin 

Improved flow measurement at Upper Des Plaines Pump Station, which has only been used in WY2011 

LMDA reporting period, should be used to the extent possible.  Pending further analysis with additional 

years of data could be useful for evaluation of simulation parameters. 

 

6.2.6 Calumet TARP System 

S/R ratios have improved, due to combination of revised groundwater inflow values and revised dropshaft 

gate closure simulation parameters.  These are notable improvements, and should be periodically 

reviewed.  If additional TARP SCA (drainage area) data is available via ITM study team, the data should 

be reviewed and used to update Calumet models as appropriate. 

 

6.2.7 Indiana Water Supply through Grand Calumet River 

After dredging is complete, HEC-RAS model should be updated and recalibrated.  Regression equations 

used for LMDA should be reviewed and revised as appropriate.  Findings should be included in future 

LMDA reports. 

 

6.2.8 TNET Model Application 

Tunnel water surface elevation data (from MWRDGC) may be of use to improve simulations, primarily to 

confirm dropshaft gate operation and pumping schemes employed by MRWRDGC.  Improvements to the 

simulation of dropshaft gate opening and pumping are critical to accurate simulation of tunnel flows, and 

ultimately the applicable S/R ratios. 

 

6.2.9 Illinois Transient Model 

The ITM is generally superior to TNET in its capability to simulate transients, but is not well-suited for 

continuous period simulations and/or use with LMDA modeling scheme.  Data management is also a 

potential issue. 

 

6.3 FLOW MEASUREMENT  

 

6.3.1 Uncertainty Analysis 

Once standard uncertainty procedures are developed, measurement uncertainty should be estimated for 

the ADCP measurements. These should then be used to estimate the uncertainty of the Annual Lake 

Michigan Diversion estimated from AVM and ADVM measurement sites.  

 

6.3.1.1 Cross Sectional Area 

A periodic check on the cross sectional area at AVM and ADVM sites should be part of the USGS 

Quality Assurance Plan. 

 

6.3.1.2 ADVM Measurement Uncertainty 

Uncertainty analysis should be performed on the ADVM measurement site. 

 

6.3.2 Frequency of Calibration 

Frequency of index-velocity re-calibration should be included in the USGS Quality Assurance plan. 

 

6.3.3 Flow Unsteadiness 

USGS should continue to attempt to collect ADCP measurements during a rinsing limb of a hydrograph. 
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6.3.4 Vertical Velocity Distribution 

USGS should continue use of the up-looking ADCP to evaluate the vertical velocity distribution at the 

Lemont Gauge, and its influence on the uncertainty of diversion accounting. 

 

6.3.5 Rating Curve Improvement 

During ADCP calibration events, USGS should experiment with using individual transects in the 

calibration, resulting in multiple values for a single calibration point. This might identify whether or not 

reflection waves are influencing the calibration of the index-velocity method. 

 

6.3.6 Summit Conduit 

USGS should evaluate the possibility of locating the Summit Conduit measurement station at the 

downstream end of the conduit, and perhaps placing a small weir there to increase flow depths during low 

flow periods. 

 

6.3.7 Reliability of Lemont Gauging Station Measurements 

Back-up power should be considered for the Lemont Gaging Station. 

 

6.3.8 AVM System 

The AVM should be maintained as long as maintenance costs are reasonable. If the system needs 

replacement or the cable is cut again, USGS should consider changing to a system that does not require a 

cable. 

 

6.3.9 Lockport Powerhouse and Controlling Works 

Although not a high priority, USGS should continue to explore improved calibrations of discharge 

measurements at Lockport powerhouse and controlling works. 
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LAKE MICHIGAN DIVERSION ACCOUNTING 

THE 7TH TECHNICAL COMMITTEE - MEETING # 2 
September 19-20, 2013  

 

USGS Illinois Water Science Center,  

1201 W. University Avenue, Ste 100, Urbana, IL 61801 

 

Agenda 
Thursday, September 19

th
 – Day 1 

1 Flow Measurement Procedures USGS 0830-1000 

1.1 Instrument Setting (Paths, Bins, Sampling Frequency, Data 
Averaging Interval, etc.) 

  

1.2 ADCP Flow Measurement   

1.3 Grouping of Transect Data   

1.4 Stage-Area Rating   

1.5 Handling of Missing AVM Path Data   

2 Break  1000-1015 

3 AVM/H-ADVM Index Velocity Rating USGS 1015-1130 

3.1 Data Sets   

3.2 Intercept of Index Velocity Rating Curve   

3.3 Stability and Consistency   

3.4 Hysteresis   

4 Lunch Break (Room to be Used by Others)  1130-1300 

5 USGS-OSW Reports USGS-OSW (Oberg) 1300-1400 

5.1 Policy and Guidance on Acoustic Instrumentation   

5.2 Density Current in Chicago River   

6 Lemont Gage Modifications in Future USGS  

6.1 Comparison of AVM and H-ADVM Data  1400-1500 

 Break  1500-1515 

6.2 Switch of Primary and Backup  1515-1530 

6.3 Replacement of AVM  1530-1600 

7 Recap and Discussion All 1600-1630 
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Friday, September 20
th
 – Day 2 

1 MetroFlow-TCM Model UIUC (Garcia) 0830-0930 

1.1 Model Modules   

1.2 Event vs. Continuous Simulation   

1.3 Comparison of Simulated vs. Observed Stages in Tunnels   

1.4 Modeling of dropshaft   

2 CRCW Discharge Modeling UIUC (Garcia) 0930-1000 

2.1 Flow Control: Channel vs. Structure   

2.2 CFD Model   

2.3 Discharge Formulae   

2.4 Bar Screen Effect   

3 Break  1000-1015 

4 USGS-OSW Lemont Gage Review  1015-1045 

4.1 Findings USGS-OSW 
(Stewart) 

 

4.2 Plan of Actions USGS  

5 LMO Reports USACE 1045-1100 

5.1 LMO-2   

5.2 LMO-3   

5.3 LMO-6   

6 Flow at Lockport   

6.1 Discharge Rating at Lockport USGS (Straub) 1100-1130 

6.2 Lockport Regression Equations USGS 1130-1200 

7 Lunch Break   

8 H/H Modeling   

8.1 HSPF Grassland Parameter Optimization USGS (Soong) 1300-1330 

8.2 Lower Des Plaines River Model for Spillover USACE 1330-1400 

8.3 Grand Calumet River Model for Runoff from Indiana USACE 1400-1430 

9 Misc Topics USGS  

9.1 Summit Conduit Flow Measurement  1430-1500 

 Break  1500-1515 

9.2 Consumptive Use - Pilot Study  1515-1545 

10 Open Discussion All 1545-1630 
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