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DEPARTHMENT OF THE ARMY
Chicago District, Corps of Engineers
219 South Dearborn Street
Chicangon, I1linois ADARN&-1797

ANNUAL REPORT

MONITORING OF DIVERSION
OF LAKE MICHIGAN WATER
AT CHICAGO, TILLINOIS

INTRODUCTION

1.1 EXECUTIVE SUMMARY

This document is an annual report of the Chicago District, U. S. Amy Corps
of Engineers activities in the monitoring and review of the accounting of Lake
Michigan diversion flows through Chicago, I11inois as directed by 1980 amendment
to the U, S. Supreme Court decree. The report provides an overview and audit of
flow measurements and accounting conducted by the State of Il1linois.

1 'H'ae 1984

[5 The 19%E’Annua1 égport on Lake Michigan Diversion includes a summarization

of all events occurring during the 1988 water year, Since completiap of the
Annual Repart,/-ne—additienat water year accounting repurtj hay® been
submitted by the State of [1linois for review. Therefore, the IQBﬁ Annual
Report dees—aet includes g water accoynting -repart,
iﬁkJﬁ;deiﬁlu l 1984/

Major events covered in this report £ inciude the performance and evaluation to
date of the newly installed Acnustic Velocity Meter to measure flow passing
through Lockpart, progress made in the development of a computerized water
budget system to account for diversion flows, and the convening of the second
technical committee.

The following conclusions were reached:

a. Despite some problems, the development and refinement of the new
accounting system is proceeding well. Major difficulties with the Acoustic
Velocity Meter are in the process of beinqg resolved. The new accounting
system produces overall results which are substantiated using state-of-the-art
measuring techniques.

b. Based on a detailed analysis hy Corps' hydrologic experts, it was
concluded that the current procedures for hydrologic simulation are consistent
with the "best current engineerinag practice and scientific knowledge" as
required by the Supreme Court decree,

1-1



1.2 BACKGROUND

The City of Chicago, as well as some of its suburbs, have drawn on Lake
Michigan as the source of their municipal water supply for practically their
entire history. When the flow of the Chicago River was reversed and the Chicago
Sanitary and Ship Canal was completed, this flow of water was affectively diverted
from the Lake Michigan (St. Lawrence and Atlantic Ncean) watershed to the I11inois
River (Mississippi and Gulf of Mexico) watershed. This practice continues today,
although closely controlled by the State of Illinois, with oversight hy the
U. S. Army Corps of Engineers, as decreed by the U. S. Supreme Court. This
report is one of a series of Annual Reports prepared by the Corps of Engineers
on the monitoring activities of the Corps to the parties to the Il. S. supreme
Court litigation and to the general public., The report discusses the Corps'
activities, findings and conclusions, and other events concerning the accounting
of Lake Michigan water diversion for the period Octaber lggs’tnrnugh September
198, inclusive. b
1

1.3 AUTHORITY FOR REPORT

Under the provisions of the U. S. Supreme Court decree in Wisconsin, et al v,
IT11inois et al, 388 U. W. 426, 87 S.Ct, 1774 (1967) as modified 449 U.S. 48, 101
S.Ct. 557 (1980), the Corps of Engineers is charged with monitoring the measurement
and computation of diversion of Lake Michigan water by the State of [11linois. The
responsible state agency is the I1linois Department of Transportation-Division
of Water Resources (INOT). Under the terms of the modified decree, the Corps
is required to report annually on the diversion activities of the State of [Mlinois,

1.4 HISTNRY

Water has been diverted from Lake Michigan at Chicago into the Mississippi River
basin since the completion of the I1linois and Michigan Canal in 1848. At that
time, diversion averaged ahout 500 cubic feet per second (cfs). Upon completion of
the Chicago Sanitary and Ship Canal in 1900, the flow direction of the Chicago River
was reversed and a permit was issued hy the Secretary of War for the diversion of
4,167 cfs, later increased to 8,500 cfs, Figures 1-1 and 1-2 show the schematic flow
reversal and affected watershed.

During the 1920's, the states of Wisconsin, New York, Michigan, and Ohio,
concerned about the effect of diversion on lowering Lake Michigan levels, sought
an injunction to prohibit the State of I1linois from diverting Lake Michigan water.
The Supreme Court issued a decree in 1930 establishing a phased reduction in the

diversion down to an annual average of 1,500 cfs, in addition to domestic pumpage,
by 30 December 1938.

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



The 1967 U. S. Supreme Court decree was amended on 1 Necember 1980 in response
to action brought by the State of [1linois to modify the accounting procedures to
improve their efficiency. This modified decree extended the period for determining
the running average diversion rate allowable from five years to forty years and
changed the heginning of the accounting year from 1 March to 1 Nctober.

Three specific provisions of the amended decree affected the role of the Corps
of Engineers in the Diversion Monitoring Program. First, although the State of
[11inois is primarily responsible for measurement and computation of diversion
flows, the decree allows the Corps to take over this function if it and the State
reach a cost sharing agreement. MNo agreement was reached due to a lack of funding
arrangement. Therefore, the measurement and computations of the diversion are
currently being done by INOT through its consultants, the MNortheastern Illinois
Planning Commission (NIPC), the Metropolitan Sanitary Nistrict of Greater Chicago
(MSDGC), and the United States Geological Survey (USGS).

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

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

The first Technical Committee was convened in June 1981 and completed its work
in April 1982, The second Technical Committee was convened in July 1986, and

is expected to compl its work by mid z
feem II-H
Also hased on the er Resources Develdpr of 1986, PL 99-662, the

Corps of Engineersjwi-—have the total responsibility for the measurements
and computations necessary to account for the amount of water diverted from
Lake Michigan at Chicago, starting on 1 October 1987 (see section 4.3).
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CORPS AUDIT AND OTHER ACTIVITIES DNURING 1986
2.1 NUTSTANNING 1985 ACTIONS

The Corps' 1985 Annual Report (page 15) discussed several INNT recommendations
regarding future actions. A status summary of these actions is included belaow:

d. INOT Recommendation:

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

Status;:

Under the Corps' expanded role in both the areas of direct funding and
computational responsibilities as provided in PL 99-662, the Corps has held some
initial informal discussions directly with the USGS regarding the establishment
of headwater and tailwater gages at the Controlling Works, The need for
additional actions or evaluations at the Lockport powerhouse and/or Controlling
Works will follow the report of the 2nd three member committee,

h., I0D0T Recommendation:

The MSDGC should incorporate the revised COE ratings for free flow discharge
into their calculations of discharge for the Controlling Works and Powerhouse,
The MSDGC should also estahlish a continuous record of tailwater elevations at
a suitahble location downstream of the Cantrolling Works.

Status:

MSNGS, as of July 1985, no longer prepares the detail hydraulic Lockport
daily reports for INOT relating to Lake Michigan diversion. A rough document
called LM0D-6 now substitutes the MSD Lockport records. The Metropolitan
Sanitary District was encouraged to adopt the newly established theoretical
sluice gate ratings curves but has chosen not to do so. The cost of relocating
and establishing continuous gages at the Controlling Works is also beyond MSD's
available funding Timits,

c. [NOT Recommendation:
Further investigation is needed to determine the reasons for imbalances bhetween
estimated and recorded flows at the three major MSDGC treatment plants., Areas

for investigation include the following:

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

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

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

2-1
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Status:

IDOT through its agent NIPC has reviewed some of these factors in preparation
of the 1984-85 water year reports. MNo additional actions are currently schedulead.

d., INOT Recommendation:

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

Status:

The Corps in the 1985 report, agreed to discontinue the use of this flow
measurement in the computation procedure; however, it is expected that total
flow records at this gage will continue to he used as a system check for any
significant shifts in output trends from this service area. Nata derived
from the records should be provided in tabular format. Any recommendations
by the 2nd three member technical committee will he taken into consideration.

a. INOT Recommendation:

Investigations into the possibility of lTong-term hiases among precipitation
gages reporting to NDAA, MSDGC and the City of Chicago should bhe undertaken
based on significant differences noted during the 1983 water year.

Status:

The I1linois State Water Survey is currently under contract to IDOT
regarding an evaluation of these concerns. A draft report has been prepared
and a final report will be available during early 1987, The content of these
investigations will be reported in the 1987 annual report.

f. INOT Recommendation:

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

status:

The Corps pending any comments in the 2nd three member committee report
will make a decision in 1987 regarding the use of this gage in the future.

g. INOT Recommendation:

The flow transfer from the MSNGC's design 0'Hare service area to the
Northside Treatment Plant should be metered to provide a hetter estimate
of quantity and flow variations.

Status:

I[f this flow transfer is not discontinued in the next two years, we
concur with IDOT's recommendation that the line he metered.

2-2
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2.2 FIELD CHECKS

During the 1988 accounting year (October through September), the Corps
conducted several "independent field inspection visits of facilities related
to diversion accounting, Additional information in the form of MFR's is
included in the correspondence portion of this report. An itemization and
brief synopsis of these visits is as follows;

a. 7 November 1985 - field inspection of the 1'Hare Water Reclamation
Plant. The purposes of the visit were to determine how flows were measured
and how flow diversion from the design area to the MSDGC's Northside Sewage.
Treatment Plant is determined,

b. 16 April 1986 - field inspection of MSDGC's Calumet Sewage Treatment
Plant. The purposes of the visit were to inspect the flow measurement system
used by the MSNGC to <determine flows through the treatment plant, evaluate
ability to estimate bypass flow, and inspect precipitation equipment. A
general review-of quality control was also intended. -

C. Eﬁ“huli 1986 - field inspection of the MSDGC's Northside Sewage
Treatment Plant. The purpose of the visit was to view the metering system
used”in the plant to measure tntal sewage effluent passing through the
fdcility.

Additionally, Corps' personnel were present to observe a series of discharge
measurements conducted hy the USGS (see table 3-1). These measurements were
made in the Chicago Sanitary and Ship Canal at Romeoville.

2.3 MASTER PLAN

As part of the Corps' monitoring responsihilities under the modified Supreme
Court decree and in fulfillment of a principal recommendation made by the first
technical committee, a master plan for Lake Michigan diversion monitoring activities
was developed. The purpose of the master plan is to define the responsibilities
of the Corps of Engineers with regard to Lake Michigan diversion, establish
routine annual goals and ohjectives, establish a generic annual schedule of
activities and provide specific short and long range objectives for the program,
As an inteqral part of this master plan, a series of standard operating
procedures (SOP's) will be maintained. DNraft SOP's will be available by
October 188F, The master plan will be reviewed and updated periodically.
Appendix C contains the master plan - dated S—August—i386.
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2.4 IN-HOUSE STUDIES

During accounting year 1986, the Corps commenced a review of inflow and
infiltration records within areas serviced hy the Metropolitan Sanitary District
of Greater Chicago (MSDGC). Personnel from the MSNGC are providing assistance
to the Corps in this study. The main objective of the study was to determine if
any new studies quantifying inflow and infiltration values had been made. In a
previously completed study report, the MSDGC indicated that inflow and infiltration
could he minimized through rehahilitation of all existing old or deficient sewers.
A total of 127 local agencies were asked to institute a sewer rehabilitation
program in order to upgrade, replace or repair existing deficient sewers within
their localities, The EPA has provided sewer rehabilitation grants to those
agencies. The rehabilitations made were so minimal that new quantitative
analyses of inflow and infiltration were not warranted.

During accounting year 1986, the Corps reviewed and developed several
regression nodels for predicting AVM flow rates for times when the AVM
system was not operating. It is intended that a regression rnodel systen
using input from other sources of total flow measurement in the canal will
form the basis of the backup system. To date candidate reqgression models
have been developed by the 1JSGS, CORPS, and HARZA. An acceptable regression
model has not heen selected at this time mainly because of the questionable
accuracy of the AVM record (see section 3.2) and the importance of having
a long and reliable enough AVM record for the development of the regression
model itself, It is anticipated now that problems with the basic AVM system
have been corrected, that the UUSGS will provide a recommendation on the
backup system hy the Spring of 1987. Based on this, the Corps should be
ahle to certify a backup procedure by the summer of 1987. Three-member
committee recommendations will be considered in the finalization of this
backup system., (Correspondence on this matter is included in Appendix C).

2.5 CONTRACTED STUDIES

The Corps of Engineers contracted its Hydrologic Engineering Center (HEC) in
Davis, California to perform an analysis of the hydrologic simulation procedures
used hy the State of I1linois to account for annual diversions from Lake Michigan.
Upon completion of the analysis, the HEC prepared a report entitled, “Lake Michigan
Diversion Accounting-Evaluation of Hydrologic Simulation Procedures.” (Reference 3)
This report, dated June 1986, was provided to all parties of the Titigation by a
series of letters dated 30 June 1986, The report was also provided to other
interested agencies involved in diversion accounting. In summary, the report
concluded that the current procedures for hydrologic simulation are consistent
with the "best current engineering practice and scientific knowledge as required
by the Supreme Court Decree. The weakest aspect of use of the simulation
techniques is the lack of a basis for calibrating nodel parameters for ungaged
watersheds.” The report recommended that additional attempts at calibration be
made in the future after more data becomes available and sources of discrepancies
in other flow components are determined. The members of the second three-member
committee will take the findings of this report into consideration in their
analysis of the simulation model.

2-4



Computational services were contracted from the North Pacific Division office
to store, compile and execute the NIPC Lake Michigan Diversion Accounting computer
progranm.

2.6 SECOND THREE-MEMRER CNMMITTEE

As required under the provisions of the modified Supreme Court decree of
1 Necember 1980, the second technical committee was appointed by the Chief of
Engineers in February 1986 and convened in July 1986, The committee memhers
are Dr, William H. Espey (chairman), Mr. Harry Barnes and Mr. David E. Westfall.
The focal point of the committee's review is the new diversion accounting system
developed by ID0T, —Fhe—first—workshop was held—in-Chicage-on July 14-18; 1986
_The purpose—of-—the workshop was to provide an-overview of the Lake Michigan
—diyersion accounting procedures to the committee-members. The workshop was
_pringipally-of-a -technical nature, including presentations by the Corps, State
of -I11inois-(INOT), and the Northeastern I1linois Planning Commission. Field
davestigattoms of various areas—involved-in—diversion accounting were also
—dactudedt—

The second workshop was held in Chicago on September 9-11, 1986. The purpose
of the workshop was to provide additionmal information to the committee for its
review and evaluation. DNuring the course of the workshop, a presentation on
the operation of the acoustical velocity meter (AVM) was provided by the U, S,
:enlugi:q}fﬁurvey (UshS). Additionaly, IDOT gave a presentation on the State
of [1lipois’ water-allocation program. An_.additional f}Eld trip to the Tunnel
and Beservoir P}(; (TARP) Madinstream Pumping Station was also imtluded.

A1l parties of the litigation were invitad to attend the above workshop.
Although none _.af the parties attended [wﬁth the exception of the State of Illinois),
position statements were provided b the states of Minnesota and Wiscon 1n.
Additionally, an acknowledgement.t ephnqgﬁga%l was made- by the EJELE f Michiagan.
{See Appendix C). .~

Following the completion of the 3rd and 4th workshops, the committee members
will be meeting in private sessions in order-to consolidate their 1nd1v1dua1

findings. The fipal report of the committee is expected to geﬂgxa1Tahle in
early to mid-April 1987. Gopies of the“report will be provi to all_.parties
ot the 1itigaf$gn as weld”as other irivolved agencies.
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INDOT ACTIVITIES NURING 1986

3.1 LAKEFRONT LEAKAGE

At the Chicago Harbor, inner south breakwater structure, adjacent to the mouth
of the Chicago River, overtopping and weep hole flow has caused extensive leakage
through the structure. This was especially true with high lake levels. Approxi-
mately 1200 lineal feet of structure was affected. The severe leakage was through
the cutoff wall portion of the breakwater. An average leakage was estimated at
about 50-1N0 ¢fs, on the annual average. In June 1986 the State of Illinois
prepared plans and specs to modify the section and eliminate the major portion
of this lakefront leakage, At the end of 1986 the construction had been completed.
Figure 3-1 shows the facility prior to and during construction. This component
of flow is important in Lake Michigan diversion allocation especially as it
adversely affects the State's water allocation amounts.

3.2 ACOUSTIC VELNCITY METER

Rather than incur high expense of revising and recalibrating flow through
structures at Lockport Powerhouse, INOT and the USGS agreed to cost share
the purchase of a new Acoustic Velocity Meter (AVM). The meter is located
on the Sanitary and Ship Canal upstream from Lockport at the Romeoville bridge
(see figure 3-2). The device, huilt by Sarasota Automation, was installed in
March 1984 and started collecting canal flow data June 12, 1984. Some of the
AVM features are shown on photographs in figures 3-3 through 3-5. Until
September 1986 data was stored at the site on paper tape and could also be
accessed by (deckwriter) computer terminal. Since September 1986, the data
is also transmitted by a data collection platform. An on-site data logger
was recently added to increase the data storage capability.

Calibration of the AVM, which was completed in March 1985, consisted of seven
sats of field measurements taken using standard Price AA current meters. The
last set of these measurements was completed on March 4, 1985. Total flows
for each set of field measurements were calculated and compared to the flows
reported by the AVM for the same time period. Table 3.1 lists the log of USGS
calibrations, Calibration checks are to continue gquarterly to insure that the
accuracy of the AVM is maintained.

A system flaw was found in March 1985 with a breakdown of the AVM device.
A passing vessel severed the AVM transducer communications cable rendering the
AVM inoperable, Mo data were gathered for thirty days. Following its repair
in April 1985, the AVM was not recalibrated until a field check on August 29, 1985
discovered the AVM was recording only 80% of field measured flow. Subsequently,
additional sets of field measurements have been made., The dates of these
measurements are as follows: 17 Nctober 1985, 19 November 1985, 20 November 1985,
20 NDecember 1985, 10 January 1986, 4 April 1986, 1 July 1986, 14 July 1986,
7 August 1986, 22 September 1986 and 25 September 1986. [t was not until the
22 September 1986 adjustment and subsequent field checks that the AVM system
was aqgain functioning with the system accuracy intended.
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For the period of 21 March 1985 - 22 September 1986, the USGS has been
evaluating various procedures for adjusting the AVM records in order to
produce a certifiahle record of total flow at Lockport. Since September 1986,
the IJSGS has been reevaluating the validity of the adjustment factors used
hl with the available AVM record in producing the Lockport, Illinois, total flow

record as published in the book "Water Resources Data for [11inois Water Year
' 1985," These evaluations by the USGS as well as recommended proposals hy
i. them for a backup system for computing the total flow measurements at
Lockport, I11inois, are expected by January 1987.
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USGS velocity measurements near AVM site (mile, 296.1)

Figure 3-5 Diver inspecting transducers and AVM cables



3.3 CONTRACTURAL SERVICES

The following contractual services were in effect during the course of the
1986 accounting year:

(a) 1907 and its consultant, the Northeastern I11inois Planning Commission
(NIPC) continue to work on the preparation of the 1984 Annual Lake Hichigan
Diversion Accounting Report. At the earliest a draft of this report is to be
availahle in January 1987,

(b) Preparation of a report by the I1linois State Water Survey, as an agent
of INOT, regarding examination of Chicago precipitation patterns, review of the
available precipitation data collection network, and analysis of the data to he
used in the hydrologic simulation model., The study was necessitated due to
substantial differences in recorded precipitation data between reporting stations
noticed during review of 1983 water year information and the possibility of
long-term biases among reporting precipitation gages. (Reference paragraph 2.le
regarding this study).

(c) Conversion of the accounting model software for execution on a personal
computer, INOT has contracted its agent, NIPC, to accomplish this task.

(d) Investigation of the impact of the acoustical velocity meter on Lake
Michigan diversion accounting. IDOT has hired Harza Engineering Company to
perform this study (reference 5). The purpose of the study was to determine the
long-term differences which could be expected between measured AVM flows and
those flows historically calculated at Lockport as well as relationships to
relate the AVM flows to Lockport flows. The final report, as prepared by
Harza Engineering, was submitted on December 16, 1986.

(e) Analysis of leakage at the Takefront, navigational make-up water,
and impact of TARP on accounting. This is an additional study being completed
by Harza Engineering under contract to IDOT. The purpose of the study is to
quantify the leakage through the lakefront structures as well as evaluating
impact of the leakage on total flow entering the Chicago Sanitary and Ship
Canal. The study will also address new components of the TARP system and
their impact on the diversion accounting system in terms of future needs for
direct diversions from Lake Michigan., The expected completion date for this
study is spring 1987.

IDOT also requested NIPC to incorporate the new online TARP system
components in its computerized accounting program.



3.4 ONLINE TARP SYSTEM IMPACTS

During an averaqe year, an abundance of storms causes a combination of raw
sewage and stormwater to discharge into Chicaqo's waterways, causing pollution
as well as flooding problems. The need to end the pollution caused by comhined
stormwater and sewage gave birth to the MSDGAC's Tunnel and Reservoir Plan (TARP).
The purpose of TARP is threefold: (a) to prevent hackflows into Lake Michigan,
source of the area drinking water; (b) eliminate waterway pollution caused hy
combined sewer overflows; and (c) provide an ocutlet for flood waters. TARP is
designed in two phases. TARP Phase 1 when completed will consist of three
separate systems, Each system will terminate at its own sewage facility.

The three systems are: (1) the Main Stem system, (2) the 0'Hare system and
(3) the Calumet system., TARP Phase I, a system of deep shafts, tunnels and
punping stations, will he used primarily for pollution control whereas TARP
Phase 11, a system of storage reservoirs, will be used for flood contral, The
currently constructed 31 miles of TARP tunnels, ranging fron 13 to 33 feet in
diameter, have a storaqe capacity of 1 hillion gallons. (See fiqure 3.6).

Sewage and stormwater entering the tunnels through drop shafts in the main
stem is carried to the TARP Mainstream Pumping Station in Hodgkins, 11linois,
where the flow is pumped to the MSD's West-Southwest Treatment Plant.

The 0'Hare system TARP tunnels collect combined sewer overflows which are
later treated at the 0'Hare Treatment Plant,

The Calumet system tunnel and reservoir leg has its flow discharged to the
MSDGC Calumet Treatment Plant.

With respect to diversion accounting, the TARP system is expected, over a
number of years, to substantially reduce the needs for two primary components of
direct diversion. These components are discretionary flows and navigational
make-up water. Specifically, it is expected that the improvement of water quality
in the 5Sanitary and Ship Canal as a result of the TARP system will alleviate the
need to divert Lake Michigan water for dilution purposes. Similarly, it is expected
that the storage capabilities of the TARP system will alleviate the need to divert
lake water in order to maintain adequate navigational stages in the canal. As a
result, the State of I1linois' allocations for these components will continue to
be gradually reduced.

As shown on figure 3-6 the 0'Hare System and a portion of the mainstream
system have been completed and comprise the currently constructed 31 miles of
TARP tunnel. The 5alt Creek leq, near 4Western Springs, currently under con-
struction; once constructed will divert water away from the Des Plaines watershed.
The measuring techniques to record this flow have been discussed with MSD,
Initially the consensus of opinion is that it will be difficult if not
impossible to measure on adequately record flows inside the deep tunnels.
Unsteady flow conditions, surges, helow ground maintenance problems and
other factors would first have to be overcome. Flow recording instrument
manufacturers will be consulted, field demonstrations and possible solutions
will then be sought.
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PROJECTEN ACTIVITIES

4,1 WATER YEAR ACCOUNTING REPORTS

The Corps maintained close contact with IDOT and its agent, the Northeastern
[11inois Planning Commission (NIPC), during the development of the new accounting
procedure, The new accounting system was first used in the accounting for
Water Year 1983 as reported in the 1985 annual report. (Reference 6). A primary
component of the new accounting procedure is the hydrologic model which accounts
for many of the flows throughout the diversion area. The basic model is a
variation of the hydrocomp Model originally developed by NIPC to conduct Sectian 208
Water Nuality Studies. [t has been used for several studies by NIPC and other
agencies, including the Corps, in its Chicago Underflow Plan (CUP) study. A
simplified schematic flow chart of the accounting process components is shown
on fiqure 4-1, (Reference 1)

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

The 1984 Accounting report will be similar to the published 1983 Annual
report in that the MSD Lockport flow records were used., Starting with the
1985 accounting report the USGS data, as recorded hy the AVM, will be used
as the measured flow at Lockport. While the 1984 accounting report is soon
to he released in draft form by INOT, the anticipated completion date for
the 1985 accounting report is still pending.

4.2 SECOND 3-MEMBER CNMMITTEE SCHEDULE

The second three-member committee is expected to finalize its work during
accounting year 1987, As discussed previously, following a final open workshop
to be held in January 1987, the committee members will meet privately in order
to consolidate these findings, A draft report is expected in March 1987,

The final cormittee report will he availahle by mid-April 1987.
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4.3 IMPACT OF NEW WATER RESNURCES RILL

The Water Resources Nevelopment Act of 1986, PL99-662, the first water projects
authorization bill approved hy Congress in 10 years, was signed into Taw on
Movember 17, 1986, This bill has extensive provisions for the Corps with respect
to diversion accounting. Specifically, as of October 1, 1987, the law gives the
Corps total responsibility for the measurements and computations necessary to
compute the amount of water diverted from Lake Michigan. Section 1142 of the
law regarding measurement of Lake Michigan diversion states as follows:
"Beginning October 1, 1987, the Secretary, in cooperation with the 5tate of
[11inois, shall carry out measurements and make necessary computations
required by the decree of the !Inited States Supreme Court relating to the
diversion of water from Lake Michigan and shall coordinate the results with
downstate interests. The measurements and computations shall consist of all
flow measurements, qage records, hydraulic and hydrologic computations, including
periodic field investigations and measuring device calihrations, necessary to
conpute the amount of water diverted from Lake Michigan by the 5State of [llinois
and its municipalities, political subdivisions, agencies, and instrumentalities,
not including water diverted or used by Federal installations.”

The above duties represent a substantial increase in responsibility for the
Corps in addition to a departure from the Corps' supervisory role as stipulated
under the modified Supreme Court NDecree, The Chicago Nistrict Corps of Engineers
will hold coordination meetings with the State of Illinois, to become familiar
with the costs of gathering data and the methods of computing of the diversion
anounts starting in the second quarter of FY &7,

4.4 0OTHER ACTIVITIES AND STUDIES

fither activities and studies discussed in Section 2.1 ahove, are being
carried over into calendar year 1987 and will again be reported in the next
annual report.



CONCLUSIONS

5.1 SUMMARY

The Lake Michigan diversion accounting program has heen going through
significant modifications of the technical methodoloqgy used in computing
total flows at Lockport and in the computation of the deductions. As
discussed in the Corps' review, some minor inconsistencies still exist
within the accounting system. MNotwithstanding these inconsistencies,
the results represent an improvement in the accounting procedures.

Just as the physical features of the diversion area are dynamic, so is
the accounting system itself,

It is expected that the implementation of the first Technical Committee's
recormendations will, over the next several years, continue to improve the
diversion monitoring system. The review by the sacond Technical Committee,
scheduled for completion in the spring of 1987, will result in future
improvements to the overall system as well.

Based on the review of the State of I[1linois' FY 86 accounting program,
data cnllected by agencies of the State of Illineois, computation sheets,
fiald investigations and special studies conducted by or for the Corps of
Engineers, the Corps reaches the following conclusions:

a. The current procedures for hydrologic simulation are consistent
with the "best current engineering practice and scientific knowledge" as
required by Supreme Court Necree.

b, A backup system to the AVM for measuring Lockpoart flows is necessary
and will he developed.
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APPENDIX A
SIGNIFICANT HYDROLOGIC EVENTS

The following is a detailed itemization of events of strictly a hydrologic
nature which occurred during accounting year 1986:

18-19 Movemher 1985 - Heavy rain was experienced in the Chicago area which
resulted in localized flooding., The storm resulted in peak flows of approximately
22,000 cubic feet per second (cfs) being recorded at Lockport. Mo backflows into
Lake Michigan occurred as a result of this storm event, Precipitation amounts
recorded during the storm were as follows: Kankakee - 2,28", Lockport - 1.3",
and 0'Hare Airport - 1.17".

24-30 September 1986 - A series of major rainstorms occurring in the Chicaqgo
area resulted in severe localized flooding. The storms were concentrated in
Lake County, located in the northern sections of the area. A backflow into Lake
Michigan was necessary as a result of the series of storm events. The backflow
event nccurred on 3 October 1986 at the Wilmette Pumping Station. Water was
allowed to backflow into the lake only after the TARP tunnel system had reached
its capacity. The volume of the backflow was 53 million gallons.

At the Lockport Powerhouse all sluices were opened on 3 October; at the
controlling works all the gates were also opened., MSDGC reported an
instantaneous peak flow for that day of 32,440 cfs., The AVM was out of
operation due to a power surge through the telephone lines serving the
deckwriter terminal. The USGS did make a discharge measurement which reported
a flow of 16,039 cfs.
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Appendix B
Significant Non-Hydrologic Events

2 Nctober 1985 - Letter sent from Chicago Nistrict to the Northeastern [11inois
Planning Commission (NIPC) with copy furnished to [1linois Department of Trans-
portation (INOT) regarding Corps' requested recheck of the adjustments to flow at
Lockport Powerhouse and Controlling Works for selected dates during 1983 accounting
year., Letter stated that Corps completed review of provided sluice computations
and that overall error was judged to he within acceptable limits. Additionally,
letter requested NIPC to make required changes to 1983 diversion accounting report
and forward results to INOT.

4 October 1985 - Letter sent from Chicago District to Corps' North Central Divisian
TNCD) providing detailed FY 86 diversion monitaring schedule. Tasks discussed
included second technical committee formation, new accounting model review, field
investigations, Corps' master plan, IDOT's annual accounting reports, and Corps’
annual report.

16 Nctober 1985 - Letter sent from NCD to Chicago District providing comments
on Corps’ annual report covering 1983 diversion accounting year summary as
prepared by IDOT. Letter also requested District's recommendation regarding
use of acoustical velocity meter (AVM) as the primary measurement system of
flows at Lockport.

17 Octaber 1985 - Advertisement printed in Commerce Business Daily (CBN) requesting
resumes from qualified individuals for formation of second three-member technical
coomittee. Additionally, !nited States Geological Survey (USGS) perfarmed dis-
charge measurement in Chicago Sanitary and Ship Canal at Romeoville.

31 Nctober 1985 - Letter sent from Chicago Nistrict to IDOT (copy furnished
with enclosure to USRS) forwarding copy of surmmary report prepared by Chicago
District regarding review of proposed AVM backup system for measurement of
Lockpart flows.

5 November 1985 - Letter sent from Chicago District to INOT regarding newly
developed diversion accounting program. Letter stated that Chicago District
had requested the assistance of the Corps' Hydrologic Engineering Center (HEC)
to review IDOT's Lake Michigan diversion accounting program (model and H&H
simulations) to determine its adequacy and applicability. Additionally,
letter stated that a meeting had been scheduled for 20 November 1985 with
HEC, NCD, and Chicaga Nistrict personnel to allow for further discussions

of the subject and requested IDOT's attendance at the meeting (IDOT's
consultant, NIPC, also requested to attend).
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27 November 1985 - Letter sent from IDOT to Chicago District forwarding final
copy of Lake Michigan Diversion Accounting Report for the 1983 accounting

year., Letter also addressed concerns outlined in Chicago District's

12 November letter above (with regard to AVM system). Letter expressed similar
concerns on part of IDOT with regard to calihration problems since 21 March 1985
breakdown., Latter stated that a recent service examination revealed an errar in
the stage data used to compute discharge and emphasized two subsequent calibrations
(19 Nov 85 & 20 Nov 85) completed by the USGS showing 3.7% and 5.4% differences,
respectively, between measured discharge and AVM discharge. Letter further
stated that USGS planned additional calibration checks in near future, Letter
also emphasized that AVM record was correctable and USGS would prepare a written
report discussing the problem and corrective steps taken. Finally, letter
expressed confidence in INOT's decision to use the AVM system and stated that
responsibility for verifying the discharge data and development of a backup
system rested solely with the USGS.

9 December 19R5 - Letters sent from Chicago District to all parties of diversion
Titigation forwarding copy of list of respondents (individuals and corporations)
to CBD announcement for second technical committee., Letter requested parties

to provide Chicago District with any information that would lead to disqualifi-
cation of any of the respondents.

17 Necember 1985 - Letter sent from State of Ohio to Chicago District in
response to 9 Decenmber letter above, Letter stated that investigation
process regarding three-member committee applicants had begun and that OQhio
would provide a formal response as soon as possible.

20 Necember 1985 - Letter sent from State of Illinois to Chicago Nistrict in
response tn 9 December letter above. Letter stated objection to appointment
of A, Fpstein % Sons due to the fact that Division of Yater Resources had
current contract with Epstein that was expected to continue for several
months, Letter also expressed State's interest in reviewing resumes and
qualifications of list of finalists for appointment to second technical
comittee, Additionally, lISGS performed discharge measurement in Chicaqo
Sanitary and Ship Canal at Romeagville.

23 Necember 1985 - Letter sent from State of Minnesota to Chicago District
in response to 9 December letter above., Letter stated explicit objection
to appointment of A. Epstein and Sons. Letter also suggested that no
consultants from Chicago area be appointed to serve on the cormittee in
order to prevent any built-in biases or conflicts.

10 January 1986 - USGS performed discharge measurement in Chicago Sanitary
and Ship Canal at Romeoville.

13 January 1986 - Corps' Hydrologic Engineering Center (HEC) provides cost
proposal to Chicago District regarding evaluation of hydrologic simulation
procedures used in the new diversion accounting system as developed hy
INOT/NIPC. Propasal outlined specific tasks for accomplishing the evaluation
and stated that work could be completed within three calendar months after
authorization of funds.

3.3



9 April 1986 - Meeting held between representative of HEC, Mr. John Peters,
and NIPC personnel for discussion of new Lake Michigan diversion accounting
program and procedures.

10 April 1986 - Meeting held between representative of HEC, Mr. John Peters,
and Corps' personnel for discussion of new Lake Michigan diversion accounting
program and procedures. ODuring course of meeting, Mr. Peters stated that
HEC's report regarding evaluation of hydrologic simulation procedures
enployed in Lake Michigan diversion accounting would be available for review
by 30 April 1986,

11 April 1986 - Meeting held between Corps, IDOT, and USGS for mutual discussiaon
of AVM situation.

16 April 1986 - Corps' personnel visit MSNGC's Calumet Sewage Treatment Plant
for purposes of inspection and observation,

29 April 1986 - Letter sent from Chicago District to MSDGC requesting access
to records related to quantification of inflow leakage and infiltration within
the MSN service areas. Information obtained was to be used by Chicago District
in preparation of report pertaining to the study and evaluation of flows
associated with inflow and infiltration.

2 May 1986 - Letter sent from HEC to Chicago District forwarding draft report
regarding evaluation of hydrologic simulation techniques for use in Lake Michigan
diversion accounting. Letter requested comments on the draft report.

8 May 1986 - Letters sent from Chicago District to IDOT and USGS forwarding
draft copy of Chicago Nistrict report on Chicago Sanitary and Ship Canal
flows for 1985 as measured by the AVM at Romeoville. Letters requested any
comments to be provided to Chicago District.

20 May 1986 - Letter sent from Chicago Nistrict to HEC in response to above
2 May letter, Letter enclosed cormments from HCD and Chicago District regarding
HEC's draft report.

30 May 1986 - Letter sent from USGS to Chicago District in response to 8 May

gtter above., Letter stated that USGS recommended use of MSD records as one
means of estimating periods of missing AVM records, but expressed some
technical concerns about their use for the long term.

13 June 1986 - Letter sent from HEC to Chicaga District forwarding final
report regarding evaluation of hydrolegic simulation techniques for use
in Lake Michigan diversion accounting. Letter also responded to NCD
comments on draft report as provided in 20 May letter above.

17 June 1986 - Letters sent from Chicago Nistrict to IDOT, NIPC, and MSNGC

informing these agencies that negotiations with members of the second
three-member technical cormittee had heen completed. Letters provided
further infarmation regarding planned dates and activities for first

committee workshop.




31 July 1986 - Letters sent from Chicago Nistrict to all parties of
diversion Titigation. Letters informed parties that first workshop with
second technical committee had been completed along with forwarding copies
of Corps' presentation and a Memorandum for Record (MFR) covering workshop
proceedings., Letters additionally informed parties of dates for second
workshop (9 Sept.-12 Sept. 86) and extended invitation to all parties

to attend and make presentations to committee members if desired,.

7 Auqust 1986 - USGS performed discharge measurement in Chicago Sanitary and
Ship Canal at Romeoville.

29 Auqust 1986 - Letter sent from Chicago District to MSNGC (copy furnished

to [DOT) requesting access to MSD facilities (Lockport Lock and Dam, Powerhouse,
Controlling Works, TARP) during day of 10 September for purposes of visit

by technical committee members.

5 September 1986 - Letter sent from MSDGC to Chicaqo District in response to
29 August letter above, Letter confirmed arrangements for visits to TARP and
Lockport. Additional letter sent from State of Wisconsin to Chicago District
enclosing position statement regarding review of Lake Michigan diversion flow
measurements and accounting procedures, Additional letter sent from State of
Minnesota to Chicago NDistrict in acknowledgement of 31 July letter ahove.

8 September 1986 - Letter sent from USGS to Chicago District in response to
28 July letter above forwarding requested information reqarding AVM system.

9 September 1986 - 12 September 1986 - Second workshop held at Chicago District
with members of second technical committee, Participating agencies included
Corps, INOT, USGS, and NIPC. Field investigation of Main Pumping Station for
TARP was included.

22 September 1986 - USRS performed discharge rmeasurement in Chicago Sanitary
and Ship Canal at Romeaville,

23-24 September 1986 - Sarasota Automation Inc. representatives together with
USRS personnel visit AVM site, determine operability of system. Rock Island
District connects Sutron data collection platform. (See enclosed memo)

25 September 19386 - USGS performed discharge measurement in Chicago Sanitary
and Shig Canal at Romeoville.

26 September 1986 - Major AVM malfunction due to weather conditions.
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DEPARTMENT OF THE ARMY
HYDROLOGIC ENGINEERING CENTER. CORPS OF ENGINEERS
8§09 SECOND STRENT
DAVIS. CALIFORNIA 95418

mgRLY TQ
ATTENTION QF

WRSC-HEC 13 June 13386

SUBJECT: Lake Michigan Diversion Accounting

Commander

U.5. Army Engineer District, Chicago
ATTIN: Harry Krampitz/NCCED-H

219 5. Cearborn Streec

Chicago, IL 6&0604-1797

1. Reference is made to DA Form, Order No. NCC-IA-86-38, dated 21 January
1386, which authorized HEC to perform am evaluatiom of the use of hydrologic
simulation for the subject accounting; and co NCCED-H, dated 20 May 1986,
subject as above, which transmitted comments on HEC's draft report.

2. Enclosed are ten copiles of the final version of the report "Evaluation
of Hydrologic Simulation Procedures.”" Your comments as well as comments
obtained from an HEC in-house review have been incorporated io the final
report. In addition, a number of the commencs from NCD's review are incor-
porated. Enclosed also is a list of responses to each of NCD's findings.

3. If you have any questions regarding the report, please contact John
Peters or Art Pabsc at FTS 460-1748.

it A Gt

Encls BILL S. EICHERT
as Direccor
Hydrologie Engineering Center
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Raferance is mads to a phons conversationm betwveen Mr., Harry Krampits of my
of fice and Mr. Arthur Pabst of your office, somatims this mcuth, regardiag
support from HEC for special assistance in tha Laks Michigan Diversisa -

Accoumnting Program.

Inclosed 48 a DA Form 2544. Plaase sxpedits and send back our copies as
somn as possible. If you have any questiom addrass thsm to Mr. Erampits, —- &

FIS 333-6474.
TOR THE COMMANDER: -

Eacl 1cHAS JUZENAS
Chiaf, Enginesaring Divisica
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NCCED-H 10 July 1333

MEMORANDUM FOR RECORD

SUBJECT: Visit to MSOGC West - Southwest S.T.P. at Stickney

1. The purpose of Captain Hurt, Chris Quirk and Harry Krampitz visit to the
W-SW sewage treatment plant on 10 July 1985, was to cetermine the methods of
plant influent measurements throughout the plant along with instrument calibhra-
tign techniques employed. The accuracy of flow measurement througn the plant is
of importance for tne Lake Michigan NIPC diversion accounting camputer program,

2. The MSDGC measures influent flow to the W-SW plant before its Imhoff tanks
andd before the aeration basins. Inflow measurements are recorded as sewage
enters at the West end where primary treatment is performed. This sewage is
then pumped to the Southwest side for further treatment. Sewage entering the
Southwest plant is also measured including any recycled sludge. Four venturis
are used to measure flow at both ends of the plant. Any overflow that may occur
during high flow volume conditions is discharged into the Chicago Ship Canal
untreated. The overflow is unmeasured but can be calculated indirectly since it
i5 equal to the difference between the flow through the West and Southwest ven-
turi metering stations.

3. As was stated earlier, our primary concern was to obtain infarmation on how
flows are accounted for along with the freguency of equipment calibration. The
trip allowed us to 1nspect the gaging station where flows are measured, and to
s2e the venturi's at the Sguthwest station. We also were able to observe the
gperations in the main control building. We were unable to receive a hard copy
of flow logs or to optain any information on venturi instrument calibration,
Howaver we di1d receive a contact to call back on furtner instrumentation infar-
mation, Captain Hurt recorded some of the hignlignts of the visit on video
tape,

4. The following persons were points of contact during the visit:

Earl Knignt - assistant chief engineer 780-4000
Allan Crowtner - Engineer of Plant Operations  730-4003
Richard Heil - Assistant Engineer TPO 730-4008

¥
P TR
-2

'/ //lr - = !
4-‘"/{:#‘;;4.;;?;_: o 4 K
Aristopper P, Quirk
Civil Engineer
Enclosures

1. Location Map
2. PFlan View of Plant
3. Sample recard keeping chart
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29 JuL 1585
NCCED-H

MEMORANDUM FOR RECORD

SUBJECT: MSD visit to inspect precipitation gage

1. On the morning of 25 Jul B85, Harry Krampitz and Christopher Quirk of
NCCED-H went over to MSD's office on 100 E. Erie Street. The main purpose of
the visit was to inspect the rain gage which is located on the roof of MSD's
office. We were assisted by Mr. Ram Kaduri and Mr. Patel of MSD.

2. The brand and type of rain gage in use is the Bellford Tipping Bucket gage.
Mr, Koduri noted that the gage is insulated and heated when necessary. Harry
Krampitz was able to take pictures of the exterior and interior mechanism of the

gage.

3. The Tipping Bucket gage operates by rain initially landing on the 8 inch
cone on top of the gage. The moisture is then funnelled through a hale at the
base of the cone. The moisture is received onto the tipping bucket which acts
much in the same way as a see-saw. When gne bucket fills, it tips and the other
side fills, Every time a bucket fills and tips, a tick mark is recorded
downstairs in the MSD Water Control QOffice.

4, Mr. Koduri explained that calibration of the precipitation gage is per-
formed by pouring water into the mouth of the gage, and then checking the number
of ticks recorded. Frequency of calibration was not discussed during the visit.
However, while we were on the roof, we checked the precision of the gage by
tipping the bucket four times. When we returned to the control office, we
gosarved that four new marks were recorded on the gage graph.

5. When we were in the MSD office, Harry Krampitz brought up the question of
the large discrepancies in total precipitation between the MSD and NIPC gage
readings. After double checking the data put out in the MSD monthly report and
NIPC's gage readings it was determined that large differences in precipitation
did exist. Mr. Koduri had no explanation for this but said that he would
investigate the problem and get back to NCCED-H.

EHRISTE%HER P. QUIRK

Civil Engineer
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NCCED-H

MEMORANDUM FOR RECORD
SUBJECT: Calumet Sewage Treatment Works Visit

1. On 16 April 1986, | met with Mr, Ed Pytel, Mr, Greg Cargill, and Mr. Ramon
Grant at Calumet Sewage Treatment Works, 400 E. 130th Street.

2. The purpose of the visit was to inspect the flow measurement system used by
MSD to determine flows through the Calumet Treatment Plant, evaluyate apility to

estimate bypass flow, and inspect precipitation equipment., A general review of

quality control was also intended.

3.  Summary of System.

a. (alumet Sewage Treatment plant serves the geographical area of southern
Chicago metro area, Sewage is carried by latterals and interceptors to main
trunk lines which enter the plant site at four points. The four mains are
located at invert elevations varying from -17 to -32 feet CCD. Four pumps 1ift
the sewage to surface level into the surge chamber,

b. A fifth inflow was placed inline in early 1986 with the activation of
the Calumet stem of TARP. Flow from TARP is pumped over 300 feet from the tun-
nel up to the surge chamber.

C. Sewage is routed through the screening plant to the metering vault
where the plant flow is metered. From the metering vaults, sewage flows to the
grit chambers and on to primary and secondary treatment banks,

d. Flows are measured at the pump stations, in the metering vaults and at
the aeration banks. Only the metering vaults pravide a high degree of accuracy.
The metering vaults consist of 2 sets of 48" venturif tubes. Each tube feeds a
bank of aeration tanks. Each vault has 3 tubes.

e. No metering is made on flows leaving the plant. An exhaustive water
balance 1s not feasible due to the lack of putflow measurements and the prect-
sion of measurements available at the pump stations.

4. Main Pumps.

Of 4 main pumps, 2 are of fixed speed operation. Flow fs calculated based
on a rate times, time of operation. The other two pumps are of variable speed
operation, Flows are difficult to calculate since an assumed or averige speed
over a given time period must be used. Flows determined by pump speed are can-
sidered to be estimates only and accuracy is within 20%.
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Flows from TARP are measured by sonfc (acoustical) velocity meters located
on the outflow tubes of each pump. Continuous metering is made during all
pumping operations. The accuracy is between 2-5%. The sonic velocity meters

(S5YMs) are extremely sensitive to alignment and are therefore phg¢¢ia¥7+¢cuiei-ph=¢=J

away from operator areas and in locations relatively free of vibration,

6. Meter Yaults,

a. Each meter vault serves a bank of aeration banks. The vault serving
banks A, B, and C is the oldest. E & F banks are recent expansion and have a
new vault. Each bank has its own feed tube flowing through the meter vault.
The tube feeds a 48" metal venturii tube,

b. Flow velocity 1s calculated from the differential head between inflow
and outflow. Manufacturer's specs determine total flow. Differential head is
metered at a bank of manometers located on the second level of the vault,
Recordings are made on circular pen plotters located on the top level of the
vault as well as being telemetered to the main control room.

€. Weekly back flush of the pressure ports is accomplished using high
pressure water., Rodding parts are located in the tubes in the event that the
back flush is unsuccessful. It fs noted that the pirts are covered with stan-
dard plugs and showed no evidence of recent removal.

il
d. Monthly calibration of chart and control,meters is conducted using
direct manometer readings. Unusual manometer readings are assumed ta indicate
plugging of pressure ports and require backflush or rodding of the parts.

e. Flow measurements are considered to be accurate within 5%.

f. Within the past 2 years, a feed tube to an aeration bank was shut down
for maintenance. I[nspection of the concrete tube indicated neither significant
wedr nor caking of deposits on the walls, MSD feels that this indifcates that
the same condition exists in the venturii tubes. With no wear or deposition of
sediment to change tube dimensions, the manyfacturers' specs should stil] be
accurate.

7. Precipitation Gages.

2. MSD maintains several rain gages within the Calumet sService area. The
93ge readings at the plant gage and at the East Hazelcrest pump station are
recefved both at the Calumet Control center and at MSD operations in Chicago.
The personnel at Calumet are unaware of discrepancies between Calumet and MSD
recordings.
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b. The Calumet gage is calibrated quarterly using a standard calibration
yeaker. The gage is of tipping bucket type with an on site counter which is
initialized daily. Telemetry to MSD is by pulse generation and telephone line,

c. The gage is located on the S-W corner of the lab building., The pump
nouse 1s located approximately 35 fest to the east and 1s approximately 20 feet

nigher. The gage is therefore cpen to weather in three quadrants and partially
protected against very high winds on the forth.

kot Okl
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t. n 25 July 13HE, CPT R. Hurt conducted a Fialg vidiE |g
Sewaye Treatment Plant sheranled Ly L{he Metropolitlan Eanntury
Rredlap Chicage. CPT Hurt was met by Mr. Dawviy Jawschkg of
Operations division,

the Nagrth S
Dimbrpigt o
Lhe Plant

-
7. The purpose of the visit Waw to wviecw the melering systlom yewg by the
Norlth Side Plant to messure Lobtal sewaye wfflyent Padsing through Lhe gl
The mensurements of Lhe effluent hear stunifivant impact on {ne Accuunt g
of Lake Michigan diverdions Lhrough tha [ltinoy g Waterway.

2, Mr. Jawscghke hegmn with a discutsion gf how Tluw was Mearured o0 11,
plant., Flow i3 metersad aftar Primary settling, <4ome Flow, about 3 wng
rumped directly {he the Wesl-Southwest Stwaye Treatment Flant alftiep
sebbling, Thig Flow, the sludge from the Primary clarifiars, 4 nay
Melered. The remainder of the plant filow Paxses Lhrough the Plant metier,
station which ig compound of Ffour venturii tubest. Filow Meddurement |5 ma-
Iy Measuring the head differentiales ne the el fluent Igws throuoh the tune
Three Meaduremant iytbems are uwed, Pitot tubes Provide direet head -
differentinl atl Lhe melering sighti. The pitot tuhes= Rre ured 1o calibrate
the wlectronic pressure tranasducers whiceh pProvide thae Primary recarding
syalem. A backup to Lhe hressure Lransducers ju hrovided by wiland tubes
the outflow gide of the venturiig, The 4tanid Pipns are fitted with Flaats
which are connecied to Paper charl recyrders.

L |

[ P

4, (f danswer ta Nues biona by CPT Hurt, Mr, Jamdechhke 9baled tLhat tme Nurl e
Side Mlant Provides hackup sludge handling fTor the Juhn Faven ptane throuay
Lhe Upper Ded Plaines Interceptor number 7., Na plang ara being mane Lo
trsconlinue the flaw Lthrough {he ihlerceplor, even Loosuoh 1 doea FEOF E=pr

4 portiun of the O Hare WHP dewign area, Mg, JAnscnke indigated that Lra -
*3limate of 73 (FS Tlgw Lhrough the | ine g the Nurin Side Flant
Gulabant ally low, Ng Detbtler eatimate was Avar lable.,

L RTRA R

-
i, Mr. Jaeachke nlsgy indicnled that ne nlfect on dry wenlher flows Ly TA.
hat been noticed, He Painted aut that Mmany of the outfalls loeatead alany
Lhe upner resches gf Lhe Norih Hranch of the (hicwue River kre hbhove the -
noarmal asurface level of the river. [t was naoted that prisr ta TARD | the
City of Chivmga hnd heen Fresponsible fur the Mrintehnnce wnd chre of Lhve

utfall tide gutes. With TARP, MSO has taken Over mMAintenAnce. -
B, A lour of Lhe meterine facilitly followed, The sywicm was= Gimp e, el
Masntained, and daffarded dubakbantial hackup anid crasd uhqch-ng. A DBrumaen

Priol tube was found which Lthe oprratiuns off TLF War mwmre of. Tae tune ~ .5
been reported by the marning 4hi1ft. Thne metas- *ecarding wysbtum vnel,ideyg
tumulalive digiial recurder for the pressure LEPaNsdUCErS hw weil pa [Papee
charktas on the stand Arpes. An in4pection of the racorusg LY . -
Hrli'rﬁllﬂ“ltl'*'p 4 MG (il 416 MGy di!‘furrnf;- i Lhe tnstantaneoys Tluw x. tre
Eime uof Ethe wviait, (The 4Eand pipns were recording 470 MGQ) .,

7, A Srcundnry ilem of Iiniereni |« ithatl Lthe MO0 ran unce locateuw Al Le¢ o
c-8 -
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MEMORANDUM FOR RECORD -

SUBJECT: 0O'Hare Water Reclamation Plant Site Visit

-
l. ©On 7 November, 1985, CPT Richard Hurt and Mr. John Panganiban visited
the O'Hare Water Reclamation Plant. The primary purposes of the visit
were to determine how flows wWers measured and how flow diversion from the
design area to the Northside Treatment Plant is detarmined.

2. The O'Hare Water Reclamation Plant was initially designed to treat
sawvage from the northwest suburbs. Current operations treat flows
exclusively from the deep tunnel system. Dry weather sanitary flow from
the Elk Grove interceptor is treated in addition to storm runoff cverflc
form the surrounding suburbs. Dry weather sanitary flow from most of 4y |
nerthwest area, including Arlington Heights, Palatine, Mount Prospect and
portions of Des Plaines is diverted to the Northside Treatment Plant for
treatment. The Willard Creek Intarcaptor is a combined sewer handling
both sanitary and storm flows.

3. As all flows ars pumpaed from the deep tunnel, all flows ars measured
as they enter the plant. Flows enter the plant through one of six -
discharge tubes. Each discharge tube has its own pump and its own ventur:
meter. A sacond metering system is located after the flows pass the fin-
screens and grit removal chambers. Two large pipes carry the discharge
from the grit chambars to the sacondary treatment banks. Fach of these
Pipes has a venturi type meter installed. A final metering system is in
place at tha antrance to each aeration basin. An indirect check can als
be made through a pump RFM vs. flow discharge relationship. -

4. A central computer monitors and automatically logs all flow data fro=
the primary meters. The flows through the second meter bank are alsa

monitored continuously, but only the primary flow path is logged on a -
daily basis. Daily hard copy printouts of all flow data are made and
reviewed by the plant operator.

-

5. Tha total plant flow is determined by summing tha metered flow
componants in any metering system. Cross checking is made between thae
first bank (tunnel pumpout), the seccnd bank (post grit chamber) or the
aeration banks. Daily flows are reacorded and tabulated for forwarding o |
HSD'

§. Some flows originating in the Upper Des Plains Basin are diverted &
directly to the Northside Treatment Plant. Those flows move through tle
Upper Des Plaines diverter #11. Steorm flow in divertar #11 is dumped ing.
the deep tunnel when flows reach a predetermined conduit depth. At tha
time, gate 5 (DS3) opens and all northwest flow is passed to the O'Hare
WRP. At this time there is no continuous log meter in the system to
measure how much flow reaches the Northside plant. An instantanecus
indicator is located in the Upper Des Plaines interceptor #1l1 at MEt. -
Prospect Road, but it dces not log the data.

7. There is no way of directly deteramining the amount of storm flow
passing through the Upper Des Plaines intarceptor #l11. It is possible =3
estimate the amount of diversion to tha Northside plant by using upstrea=x
head, conduit slope, and conduit configuration downstreaa. It i3 net -
currently being done and would be of questionable accuracy.
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3. The plant engineers were not aware of any plans to begin treating al
flows from the design area at O'Hare WRP.

CONCLUSIONS

9. The mathcdolegy and technology utilized at the O'Hare Water
Reclamation Plant provide consistant, accurate Deasurement of seawage flc.
treated in the plant.

10. Direct physical calibration of the measuring devices is neither
physically practical nor feasible except during major maintenance repairs
Indirect verification is continuously conducted through tertiary meter:inc

11. The total flcows from the design area are not being treated and are ne
anticipated to be treated in the forseeable future. Only storm overflow
is treated for the majority of the area servad. Dry weather flow for al:
but the Elk Grove Village interseptor is diverted to the Northsidae
Treatment Plant. There is no matering system to determine how much flow
is divertad. A reascnable altarnative for estimating such is through the
NIPC mcdel. The NIPC model can be used to estimate total runcfs for the
design area. By subtracting the treatment flows at the O'Hare WRP, the
result represents watershed diversion to NSTP. Some difficulties will
arise due to the time lag incurred during pPumpout of the deep tunnael
storage following storm events.

12. Additional study of the altsrnative method of aestimating diverted

flow based upon hydraulic head and system gradient is needed to determine
the feasiblity and accuracy entailed.

ool -~
{ﬁ;f;:_ff?tfi;y-
chard Hure
CcE

CPT,
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7515732 - December 4, 1984

Mr. Neil R. Fultom, Chief
Bureau of Resource Management -
Illinois Department of Transportation
300 North State Street - Suite 1010
Chicago, Illinois 60610

-
Dear Mr. Fultom: .
Subject: Lake Diversion Accounting -
Ino response to your letter dated October 9, 1984, requesting quantity of
recycled flows for the three major MSD plants and leakages through the cutfall
structures that service the three major sewage treatment plants, the following -
is pertinent:
(A) Calumet Sewage Treatment Works: -
(1) The recycle flows within the plant range from 2 MGD to
7 MGCD with an average of 5 MGD -

(1ii) The amount of leakage through back water gates is esti-
mated to be negligible.

(B) North Side Sewage Treatment Works (NSSTW): -

(1) The recycle flow for the plant is approximately 3 MGD.

(11) Flow to NSSTW originating from water leaking into tha -
sevar system through the cutfall structures is estimated
to be less than 1 MGD. Most of the ocutfall structures
have dams that are above the normal canal or river

levels. -
(111) Flow to NSSTW originating ocutside of the basin comes
through Howard #6 Interceptor and is estimated to be 16
MGD. ' -
({C) West Southwest Sewage Treatment Workas:
(i) The recycle flow for the plant is estimated to be -
approximately 18 MGD.
-
-
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Mr. Neil R. Fulton -2= December 4, 1984

Subjece: Lake Diversion Accounting .

{(11) It is estimated that the normally expected volume
of canal water leakage into the plant sewver sysctem
is betveen 0.75 MGD to 1.50 MGD. Occasionally, the
volume may be substancially greater, as a result of
jammed tide gates.

Very truly yours,

Lo e

John M. Rya
Chief of Maintenance
and Operations
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NCCED-H (NCCED-H/7 NOV 85) 2nd End
SUBJECT: Lake Michigan Diversion Master Plan AUG 14 1985

DA, Chicago District, U.S. Army Corps of Engineers, 219 S. Dearborn Street,
Chicago, [1linois 60604-1797

T0: Cdr, North Central Division, U.S. Army Corps of Engineers, 536 S. Clark
Street, Chicago, [1linois 60605-1592 ATTN: NCDED-W

1. The final version of the subject document is enclosed. Your comments have
been incorporated except in instances where it was felt that the particular
comment was not applicable to a document of a general nature.

2. The S0P's covering the specific details of the Lake Michigan diversion

monitoring procedures are currently being reviewed. Your office will be
provided with copies of these SOP's as soom as they are finalized.

“JG JUZENAS, A
Ch¥ef, Engineerthg Division

Enclosures
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Master Plan for
Lake Michigan Diversion .
Monitoring Program =

>
U
r.a
L
[

l. Purpose: This master plan is developed to define the responsibilities of
the Corps of Engineers with regard to Lake Michigan Diversion, establish routi:
annual goals and objectives, establish a generic annual schedule of activities
and to provide specific short and long range objectives for the program.

2. Authar1t§: The United States Supreme Court, in ruling over suit brought
against the State of [llinois by the states of Wisconsin, Michigan, MNew York,
Pennsylvania, Minnesota, and Ohio, has limited the amount of water which can b
diverted from its natural flow through the Great Lakes system into the
Mississippi River System. In its decree, the court stipulated that tne amount
of diversion should be limited to 3200 cfs average on an annual basis, that tns
State of [1linois would be responsible for the measurement and accounting of
such flows, and that the Corps of Engineers should oversee the measurement and
computation of flow amounts.

3. Responsibilities of the State of Illinois: The State of [1linois, its
agencies or 1ts instrumentalities shall conduct all measurements and com-
putations of runoff, direct diversion, domestic pumpage and other flows require
under the decree, The State shall fund such measurements and computations
necessary to determine flows using the best current engineering practice and
scientific knowledge.

4, Responsibilities of the Corps of Engineers: The measurements and com-
putations made by the State of [TTinois shall be done under the continuous
supervision and direction of the Corps of Engineers in cooperation and con-
sultation with the United States Geological Survey. Such supervision shall
include, but not be limited to, periodic field investigation of measuring devic
calibration and data gathering. All measurements and computations made by thne
State of [11inois shall be subject to periodic audit by the Corps of Engineers.
An annual report on the measurements and computations required by the decree
shall be issued by the Corps of Engineers. The Corps of Engineers shall conver
a three-member committee at least each five years after the implementation of
the December 1980 modified decree to review and report to the Corps of Engineer
and the parties of the decree on the method of accounting and the operatian af
the accounting procedure. Best current engineering practice and scientific
knowledge shall be determined based upon a recommendation from a majority of tr
members of the committee.

5. The Corps of Engineers shall not be involved in the actual conducting of
measurements or computations, but shall maintain an objective attitude allowing
unbiased judgement on the methods and procedures used. Of special interest is
the calibration of measuring devices and the determination of accuracy of the
base data. The Corps shall review calibration procedures used by the State of
[11inois and shall be prepared to conduct independent measurements as necessary
to determine the accuracy of base data.

6. Procedure: The intent of this Master Plan is to provide a framework throuc
which Tong and short term planning can be expedited. This framework, based upc
the specifics of the modified Supreme Court decree of 1 December 1980, allows
flexibility within the program to meet changes in the physical make-up of diver
sion control structures, as well as allowing for technical advancements in
accounting procedures and modifications in the decree itself.
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7. The schedule of activities for Fiscal vear 1987, (Appendix A), is designed
to provide transition from the current monitoring program into this Master Pla:
This schedule also allows for the additional effort required for the review of M
the program by the second three-member technical committee.

3. A generic annual schedule of events (Appendix B) provides targets for the
completion of routine, annual activities. It is anticipated that this schedule
will vary little from year to year, yet be flexible enough to accormodate
changes within the system as well as unique, non-reoccurring events.

-
9. The annual schedule follows the fiscal year, identical to the water year
calendar. The Corps' Annual Report will cover activities occurring within the
1 October to 30 September period. Events spanning the end of the year, or -
multiple years, will receive interim reports and will be discussed in detail
following completion. The submittal of an accounting report by the State of
I11inois shall be treated as a separate event, [t is anticipated that multipls
accounting reports may be discussed in a single Annual Report. The Corps of
Engineers shall publish an annual report each year. A five-year, long range
plan, (Appendix C), presents anticipated significant events, modifications to
the system or major studies which are required in addition to routine annual &
activities. The five-year plan will be updated annually and shall include
studies or modifications recommended by the State of I[1linois, the Corps of
Engineers, the three-member technical committee, or other interested parties 'y
the diversion program.

10. Reoccurring Activities: The Corps' supervision of the Lake Michigan
diversion monitoring program centers around several annual activities. The &
primary purpose of these activities is the verification of accuracy and preci-
sion of accounting of diversion flows as reported by the State of Illinois.

11. The procedures of routine reoccurring activities are detailed in standard.
operating procedures (SOPs) maintained by the Chicago District. As the diver-
sion accounting program changes, these SOPs will also be changed to reflect nes
conditions. The SOP's include methods for verifying computations as well as
procedures followed during site inspection visits,

12, The Corps shall visit the primary diversion metering sites at least -
annually, In conjunction with a physical inspection of the measuring equipment,
the Corps shall review maintenance and calibration procedures and records far
appropriateness and completeness. Such sites shall include, but not be limites
to, the following: -

1) MSD sewage treatment plants (STP)
(Calumet, West-Southwest, Northside, and Lemont) -

2) AVM - Romeoville

3) Lockport Controlling Works -
(Controlling works sluices, Powerhouse sluices, Powerhouse operations)

4) Major MSD sewage pump stations -
5) MSD/NOAA precipitation Igages located in the Chicago area,
-
-
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6) Lakefront Controlling Structures
(Chicago Harbor Lock and Control Structures, 0'8rien Lock and Dam,
Wilmette Controlling Works)

The Corps shall inspect calibration documents for major metering devices.
An instrument logbook for each instrument is encouraged., This instrument log 1i-
to be maintained at the location of each instrument, where feasible, and is to
contain, at a minimum, the following sections:

(1) Instrument history.

(2) Service record - manufacturer's repairs, battery replacement dates,
cleaning, etc,

(3) Routine performance test - This section shall include spaces for the
date, initifals of the technician, comments, and other instrument parameters, if
applicable,

(4) Calibration results.
(5) Instrument settings and changes during calibration.

13. The Corps shall review calibration schedules of the AVM, pump stations and
treatment plants to determine if calibration follows major repairs and main=-
tenances as well as reqular periodic checks.

14. The Corps shall conduct flow measurements or equipment calibration tests
only when the measurements or calibrations conducted by the responsible agency
are suspect. The Corps may then conduct or directly supervise such tests or
studies necessary to verify or disprove the suspect data.

15. The Corps shall review all data as it is made available for reasonableness
within the context of the limits of the data collection systems. Where

possible, data are to be cross checked by comparing with similar data collectad
through alternative sources,

16. The results of the Corps' supervisory and audit role shall be published in

the annual report. Recommendations by the Corps shall be included in the annual
report, as well as an updated annual schedule and five-year plan.
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1987

1988

1989

1990

1991

-
APPENDIX C
. -
Lake Diversiaon
Master Plan
5= Year Plan
-
Complete 2nd Technical Committee Review
-
Review of Modifications to Accounting Model Required Oue to Morthwest
Water Commission Withdrawals &

Study of the Effects of TARP on the Accounting Model

Review of IDOT Investigation of Flow Imbalances at MSOGC Treatment Plants @

Implementation of 2nd Technical Committee's Recommendations -

Review of Calibration Procedures for Flow Metering Devices
Field Measurement of Flow through Lake Front Structures

Effect of New Suburban Water Distribution Systems on Accounting Model

Commence procurement process for 3rd Technical Committee

Ird Tachnical Committee formation
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NCCED-H SEP 2 6 1986

MEMORANOUM FOR RECORD

SUBJECT: 2nd Technical Committee for Review of Diversion Flow Measurements
and Accounting Procedures-Workshop Meeting 9-11 September 1986

l. Following the contract scope (see enclosure 1) workshop #2 was held in
Chicago for three days starting Tuesday, 9 September 1986.

2. The following topics were scheduled and discussed during these
information/question and answer sessions:

a, The acoustical velocity meter AVM, its track record (since March 1984)
historical performances and future anticipated problems. .

b. Presentation of DRAFT report by Harza Engineering Company entitled,
"Investigation of the Impact of the Acoustical velocity meter on Lake Michigan
Diversion Accounting.”

C. Northeastern [1linois Planning Commission mathematical modelling efforts:
highlights in the preparation of the 1983 annual reports, data correlation
problems in the upcoming 1984 annual report.

d. State of [1linois water allocation policies, past/present/and futura,

e, Question and answer session with Hydrologic Engineering Center repre-
sentatives regarding conclusion stated in, "Lake Michigan Diversion Accounting -
Evaluation of Hydrologic Simulation Procedures,” dated June 1986.

f. The issue of an AVM backup system; the USGS WY 1985 published flaw record
at the AVM site - 05536995 Chicago Sanitary and Ship Canal at Romeoville, [1linoi
(see Enclosure 2) and Sarasota Automation's role in future AVM calibrations.

g. Field trip on 10 September 1986 to the Chicago Metropolitan Sanitary
District - Mainstream Pumping Station - tunnel and reservoir plan. (See
enclosure 3-brochure).

3. The outline agenda and the attendees are shown on enclosure 4.
4. Mr. Allan Noehre (retired) Surface Water Specialist, United States Geological
Survey, lUrbana, [11inois presented the AVM system and operations narrative. The

station's history of downtime and rating measurements during the Water Year 1385
are listed below:
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mEMORANDUM FOR RECORD

SUBJECT: 2nd Technical Committee for Review of Diversion Flow Measurements
and Accounting Procedures-Workshop Meeting 9-11 September 1386

05536995 Chicago Sanitary and Ship Canal at Romeoville, [llinois.

Equiprent.-- Acoustical velocity flowmeter, deckwriter, digital water-stage
recorder (manometer) in 8'x 8' concrete block shelter and
wire-weight gage.

Discharge record.--The flowmeter furnished a satisfactory record throughout
the year, except as follows:

November 29, 1984

March 17, 1985
Mar 21 to Apr 13

June 6-7

June 9-10

June 27-28

August 1-12

September 20,1985

Printer failed to advance paper. Realfigned paper
feed.

Printer jammed. Realigned paper feed.

AVM failed. Repairman replaced CPU Timer Module
and Path Timer Module on April 4 with no results.
On April 18 found underwater cable was cut by
barge on March 21. Reconnected wires and
repairman replaced constants in the unit, CPU
Timer Module and Path Timer Module on April 18.

Barge cut under water cable. [ncreased depth
of chases, replaced underwater cable, and
reconnected wires.

AYM failed. Replaced Signal Detector Module.

No electrical power to AVM. Called electric
company to turn power on.

AVM failed due to voltage surge from electrical
storm. Replaced fuse.

Bottom transducer path not operating. Tighten
supporting balts and realigned bottom path
transducers.

A linear regression of discharge values at Lockport versus values at
Romeoville was used to estimate daily discharge values at Romeoville
for the above missing record periods. (Enclosure 5 shows added
pertinent information at the AVM site).
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MEMORANDUM FOR RECORD
SUBJECT: 2nd Technical Committee for Review of Diversion Flow Measurements
and Accounting Procedures-Workshop Meeting 9-11 September 1386

Rating:-- Discharge measurements 1-8 obtained during water years 1984 and 1985
and measurement 9 (water year 1986) confirmed that the method used
by the acoustical velocity flowmeter (AVM) to compute discharge was
acceptable. These discharge measurements were plotted on lag=log
paper against concurrent AVM values and a straight line was drawn
through concurrent values of 3000 and 10,000 ft 3/s. A percent
difference from this equal discharge line was computed for each
measurement and was listed on Form 9-207, Discharge Measurement
Surmary Sheet. Measurement 1-4, and 6-7 confirms the AVM readings
are accurate during the period March 22, 1984 to March 20, 1985.
Measurement 5 indicates a percentage difference of 8.7% which may
be explained by a barge passing through the measurement section
during the discharge measurement and the unknown effect on the
discharge in the canal caused by the Controlling Works, 2.8 miles
downstream which was closed.

Flowmeter repairs were made in April and measurements 8-9 indicated
the AVM discharge readings were less than the measured discharge.
Measurements 6-11 were used to define Conversion Table A. The
conversion table adjusts the AVM readings to the measured discharge.
Conversion Table A was used April 19 to November 5, 1985. Some
constants stored within the AVM computer memory were found to be in
error and were corrected on November 5. The flowmeter was printing
the two-minute average value instead of the fifteen minute value.

5. Nuring the guestion and answer session a number of AVM related topics were
brought up, namely, the need for a formal memo of understanding for a backup
system to the AVM; the near future site visit (week of 22 Sept. 1986) by
Sarasota Automation, USGS and Illinois Department of Transportation repre-
sentatives to discuss/field check and resalve the above breakdown problems.
The future decision and certification of this system is at stake. In regards
to the Corps responsibility according to the Federal decree, the State of
[11inois and its agent the U. S, Geological Survey are responsible for
accurate AVM measurements. [n a recent letter Mr, Dan [njerd, Chief, Lake
Michigan Management Section made this important statement:

"When we made the decision to switch over to the AVM, of equal or
greater importance to our desire to improve flow measurements at Lockport
was turning over the primary responsibility for the most important flow
measurement in diversion accounting to the federal agency that has the
recognized expertise in flow measurement and which was specifically included
in the 1980 amendments to the Decree, Thus, while we cost-share with the
USGS for operation and maintenance of the AVM system, the responsibility for
reporting and venfying the discharge data from this gaging station rests
solely with the/USGS, as does the development of a backup system to determine
flows when thig station is out of operation.”
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MEMORANDUM FOR RECORD _
SUBJECT: 2nd Technical Committee for Review of Diversion Flow Measurements -

and Accounting Procedures-Workshop Meeting 9-11 September 1386

-
6. In the above vein the State of I[1linois introduced a draft report entitled,
"Investigation of the impact of the Acoustical Velocity Meter on Lake Michigan
Diversion Accounting," prepared by Harza Engineering Company, September 1986.

7. In the morning session on Thursday September l1, 1986 the Northeastern
I11inois Planning Commission represented by their consultant Donald Hey and

Gary Schaefer, Natural Resources Officer, Northeastern Il1linois Planning -
Commission, gave the 3-man committee a general overview of the modelling in

the Chicago area especially as adopted to Lake Michigan Division accounting.

Mr. Dan [njerd also contributed in the discussion in relation to an ongoing [
contract with Mr. John Vogel, head of the Climate Information Unit of the
I11inois State Water Survey, to evaluate the 13 raingage stations used 1in

the accounting model. These stations owned and operated by either the City
of Chicago, National Oceanic and Atmosphere Administration or the Metropolitan
Sanitary District of Greater Chicago will be examined for possible expasure,
mechanical or electrical problems. Mr. Vogel fis scheduled to report to the
1-member committee as to his findings at the next workshop in October. -

8. Mr. Dan Injerd (IDOT) next gave an informative presentation on the history
of the Lake Michigan water allocation in Illinois. -

9, Some of the other parties of the litigation who were invited to the
workshop sessions instead sent letters stating position papers to be read
to the comittee., Enclosure 6 includes such letters. -

10. A tentative agenda for the next workshop to be held in Chicago during
the week of October 20, 1986 is enclosed. Again all the parties of tne -
litigation are invited to attend.

6 Enclosures
as stated
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Hydraulic and Environmental
Engineering Branch

Second Technical Committee for Review of
Lake Michigan Diversion Flow Measurements
and Accounting Procedures

Third Workshop (21-24 October 1986)

PROPOSED AGENDA

Tue 21 October 1986

9:00 A.M.- 10:00 A.M. USGS Presentation (AVM System)

10:00 A.M.- 12:00 AM, Questions and discussfons with
USGS and IDOT representatives

1:00 P.M.= 2:30 P.M. [00T's - Harza report review

2:30 P.M.~- 4:00 P.M. Presentation by parties of the
Iitigation (1T represented)

Wed 22 Nctober 1986

Field trip to extension to sewer system 13A and Lockpart powerhouse-
Tock-AVM site.

Thur 23 Nctober 1386

9:00 A.M.- 10:00 A.M, [00T/State Water Survey findings
0 hicago area Erecfg:tatlnn

netwark review,

10:00 A.M, - 11:00 AN, MSD report on TARP and its role
in Lake Michigan Accounting

11:00 A.M.= 12:00 P.MN. Questions and discussion.

1:00 P.M.=- 4:00 P.M, Committee working sessions private.
Fri 24 October 1986

9:00 ALMe= = = Committee and Corps representatives
Jrogress, schedules, contractual
matters, etc.
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=

St SCHEDULE OF ACTIVITIES

Completions Timm After =
Contract Award 1m Neels.

warkshop No. 1 (S days)
workshop Ne. 2 (4 days)
workshop Now. 3 (& days)

Committee members submit their findings to-
chairman for consolidatiom into Draft

Report.

Warkshop No. 4 (closed) Committee members
review Oraft Report (Z days)

Chairmar submits Draft Report to Corps of
Engineers and committee members for
review,

workshop No. 5 (closed) for District and:
cormittes to review District cooments

on Draft Report (2 days).

Meeting No. 1
Committee presents Final Report to

* District and other parties with

appropriate presentation by coomittee
members.

District provides Final Report to all
parties for review and cComments.
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TECHNICAL COMMITTEE FOR REVIEW OF
LAKE MICHICAM DIVERSION

HAME

Larry Tolar
Gary Balding
Verne Schoeider
Greg Fisk
Allen Noehras
Neil D. Fulton
Christopher Burke
Dan Injerd

Pat Brady
Harry Krampitz
Harry Barnes

W. H. Espey

David E. Wescfall

Larry Dunbar
Jamas G. Mazanec
Stephen M. Klawans
Don Lsonard

Ignas Juzenas
Cary-Sthaafer

Don Hay

Arlen Feldman
John Paters

Mike Q'Grady

I¥D WORKSHOP
LIST OF AITENDEES

AGENCY

USGS, Urbana
USGS, Urbana
USGS, Rescon
USGS, DeKalb
USG5, Ratired
IDOT

Harza

IDOT

IDQT

COE, NCC
Commitctas

"

Commiccea Staff

COE, NCD

COE, NCC

COE, NCD

COE, NCC

NIPC

NIPC

HEC (Pare Tima)

HEC (Part Tize)

MSD, Ch Operacor Eng.
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(312)-855=5603
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(512)=-327-5840

(312)-663-9444

(713)-781-3800
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(312)-353-7132

(312)-353-6461
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(312)-922-0777
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Hydraulic and Eavironmental
Engineering 3rancn
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secand Technical Comittae for raview aof

Lake Michigan Diversion Flow Measurements
and Accounting Procedures

Second Worksnop (9 September-11 September 1386)

AGENDA

9 September 1986

1:00 P.M.- 2:30 P,M. USGS Presentation (AVM System § Operations) -

2:30 P.M.- 3:00 P.M. Break
3:00 P.M,- 4:30 P.M. Question & Answer Session (with USGS persannel)

10 Septembar 1386

Field trips to Lockport (Lock & Dam, Powerhouse, Controlling Works) and
TARP (Extension to Sewer System L3A & main pump station)

11 September 1386

9:00 A.M.- 9:30 A.M. Question & Answer Session (with NIPC personnel )
9:30 A.M.-10:30 A.M, [NOT Sresentation (Allocatton of Lake Michigan water)

10:30 A.M.-11:00 A.M. Question & Answer Session (with [DOT persannel)

12:00 P.M.- 1:00 P.M. Lunch

1:00 P.M.- 2:30 P.M. Conmittee working session (private)
2:30 P.M.- 3:00 P.M. Break

3:00 P.M.~ 4:30 P.M. Committes working session (with COE persaonnel )

Ofscussion of Administrative Mattars

Committes members depart
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Acoustical Velocity Meter Gaging staticon

An acoustical velocity meter (A.V.M.) gaging station is

cperatad by the U.S. Geolocgical Survey in cooperation with thae

Illinois Departaent of Transportaticn on the Chicago Sanitary and

Ship Canal at Romecville, Illinois. The gage is located at River

Mile 296.1, on the left upstream side of the 1315th Strest bridge,
1.3 miles east of Romeoville. The location of the gage is shown
on Plate 2-1.

The A.V.M. was installed in March, 1984. Along with tha
A.V.M., the station includes a bubble gage, digital recorder, and
a telemetry systam housed in a hsated air conditicned 8 foor
square concrate block shaltar. There are four velocity
transducers located on both banks at various depths and cne stage
transducer. A Type A virs-veight gage is bolted to the handrail
of the sidewalk on the upstream side of the bridge. The
elavations of the controlling fesatures are listed in Table 1-1
and the locations of tha transducers are shown on Plats 31-1.

The channel, which is manmade, is bedrock with raear
vertical walls. The bottom is flat and aven most of the wvay
across, with the depth of 235 feet at normal eslaevation the saze as
the gage haeight. The control for all stages is the MSDGC
Fowerhocuse and the Lockpert Controlling Works located downatresam
of the gage location. When heavy rains are forecasted, the canal
is drawvn down to provide storage for flcod watsrs froem the
Chicago area. During this tizme, the stage at the gage goes down
and the velocity goes up, greatly increasing the discharge.
According to the manufacturer of the A.V.M., the accuracy of the
racords should ke within 2%.

c-la



ELEVATIONS OF CONTROLLING FEATURES

pad } |

Elevation?
Velocity Path No. 1
(lowest) transducer 5.02
Vealocity Path No. 2
(middle) transducesr 12.87
Velocity Path No. 3
(cross transducer 12.72
Velocity Path No. 4
(highest) transducer 20.32
Stage Transducar 15.58
Dizension
—(faat)
Length of Paths 434.00

aﬁaq- datum is 551.388 feet NGVD.
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The State of Hisronsin

Hepartment of Justice
Sroneon C. [a F:
Mdmm iy
- ashingion Avenve Gerald S. wil
m;-_n.;mnw Septamber S, 1986 Depunty ASormey Ge
Magison, Wiaconsn SITUT-TSET

Mr. Harry Krampitz

Hydraulic and Environmental Engineering Branch
Chicago District, Corps of Engineers

219 South Dearborn Street

Chicago, Illinois 60604-1797

Dear Mr. Krampitz:

Enclosed please find the original and three copies of the
State of Wisconsin's Position Concerning Review of Lake Michigan
Diversion Flow Measurements and Accounting Procedures, for
distribution to the Technical Committee convened in Chicago

September 9-12, 1986. Thank you for the opportunity to provide
comments to the committea.

Sincerely,
e ”
/ ! ‘ﬁufl._ Ly

Haryanh Sumi
Assistant Attorney General

MS:nk

Enclosures
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The State of Wisconsin
Bepartment of Justice i
-
Maryerss Sl Brovwes C. Ly
Adppimtand d Sorvesy Sdaamd A Myrreay
(608) 298-3087 Gerald S. &
173 Wonl Washingion A remus September 9, 1986 n—qum-ﬁ
Mty Agreess @ 1 Box TRE Technical Committee Workshop
Maciean, Wiaconess SITOT- 78T Chicago, Illinois
-

STATE OF WISCONSIN'S POSITION CONCERNING
REVIEW OF LAKE MICHIGAN DIVERSION FLOW -
MEASUREMENTS AND ACCOUNTING PROCEDURES

AsS a party to the Supreme Court action entitled Wisconsin,

et al, v. Illinois, et al., the State of Wisconsin appreciates rJ'u‘-
OpPpOrtunity to present its views to the Technical Committee. We
believe the committee's work is an essential part of the new -
procedure established by the Supreme Court's December 1, 1980 Dec--
The committee's October 1981 report of its findings demonst:: -
the committee's thorough and conscientious identification and
evaluation of the problems associated with diversion flow measum-.
ments. We are encouraged by the committee's efforts thus far and-
commend the professionalism and ocbjectivity demonstrated in the
committea's work. -
Wisconsin's interest and motivation throughout this proceediny
is to press for accountability and reliability in diversion flow
measurement. Only if diversion flows are accurately known can
basin-wide water management be achieved. Similarly, reliability
of measurement is the only way to ascertain compliance with Fh- -

Suprema Court Decree, and the only way to evaluate inevitable

future requests for modification of the Decree.
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While strict compliance with the diversion allowed in the
Decree may seem less important ;ﬂ high-precipitation years, at some
point (especially as consumptive uses increase) the need will again
arise to account precisely for each cfs diverted. The purpose of
the forty-year accounting period established in the 1980 Decree was
to build in flexibility for variations in precipitation and for
other water management needs. Given that bonus of flexibility, we
think it particularly important that Illinois be held to dccurate
and reliaple flow measurement and dccounting procedures.

In line with Wisconsin's interest in promoting reliability of
the flow measurement and accounting pProcedures, we believe it-vital
that Wisconsin and other interested parties continue to be provided
notice and an opportunity to be heard on specific proposed changes
to the flow accounting procedure. For example, when Illinois in
1984 prnpcﬁid a deduction for "induced infiltration,” Wisconsin and
other parties requested further information, analyzed the proposal
and submitted written evaluations and objections. In this instance,
prompt notification and consideration of parties' comments on a
legal/technical issue provided substantive input into a decisicn
of great impact.

The Corps of Engineers' June 1986 Evaluation of Hydrologic
Simulation Procedures presents another similar area of concern to
Wisconsin. The report indicates that the use of simulation modellinc
underestimates actual diversion by several hundred cfs. We urge
the committee to review the Corps evaluation and recommend whatever

action is necessary to correct or account for the disparity between

C-3s



modelled and measured flows. Againm, the State of Wisconsin and

other parties need to be kept aware of all significant actions taker

by the Corps or the State of Illinois which affect the flow measurey
ment and accounting procedures.

Thank you again for the invitation to provide this statement &
to the committee. If questions arise, please contact me at
(608) 266-3861 or Dr. Kenneth Potter, University of Wisconsin

Department of Environmental Engineering, at (608) 262-2471.

-

Assistant Attorney General
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STATE OF MINNESQTA

OFYICE OF THE ATTORNEY GENgRAL ADORESS REPLY TO:
e SLITE 00
- ST. PAUL 55155 120 LAFAYETTE ROAD
HUBERT H. HUMPHREY, 11 ST PALL, MM 1111y
ATTORMEY CENERAL : - TELEPHOME: 1411} 157

September 5, 1586

* Prank R. Pinch, P.E.
District Engineer
Chicago District, Corps of Engineers
219 South Dearborn Street
Chicago, Illinois 60604-1797

ATTENTION: Hydraulic and Environmental Engineering Branch
Me. Steve Klawans

Dear Mr. Finch:

This letter is written in response to your letter of July 31,
1986, notifying Minnesota of the second meeting of the technical
committee for review of Lake Michigan diversion flow measurements

and accounting procedures, to be held September 9-12, 1986, in
Chicago.

As I informed Mr. Klawans by telephone on September 4, 1986,
Minnesota continues to maintain interest in Lake Michigan diversion
matters, and desires to continue to he informed of technical committe
deliberations and other matters, including finalization of the
master plan. However, state budgetary cutbacks have limited travel
funds to the extent that no representative from Minnesota will he
sent to the second meeting of the technical committee. Please
supply us, as you did following the first meeting, minutes and
reports of the second meeting,

Additicnally, I have been asked to request from you copies
of reports on diversion flow accounting for 1984 and 1985% water
years, when available, and also the Corps' 1986 annual ceporct,

when available.
V:g truly yours,

PHILI oLfELT

Assistant Attorney General
PJO:1kr

cc: Joe Alexander, Commissioner, DNR
Tom Kalitowski, Executive Director, PCA
Eldon Kaul, Assistant Attorney General, PCA
Larry Seymour, Director of Waters, DNR
Gene Hollenstein, Division of Waters, DNR
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NCCED-H
22 July 13986
-
MEMORANDUM FOR RECCRD
SUBJECT: First Workshop Meeting with the Technical Committee for Review of -
Lake Michigan Oiversion at Chicago, [llinois
-

l. The first workshop meeting was held in Chicago from 14 July 1986 to 18 July 1986.
The purpose of the warkshop was to provide an overview of the Lake Michigan diversic
accounting procedures to the Technical Conmittee. All parties of the Supreme Court®
decree were notified telephonically of the workshop. No parties other than the
state of [11inois were prepared to attend. All parties will receive a copy of this
memorandum, -

2. Participating in this workshop were the following individuals:

Committee Hembers

Dr. William Espey, Jr.

Corps of Engineers -

Mr. Harry Krampitz, Chief,
Hydraulic & Environmental

Mr. Harry Barnes, Jr. Engineering Branch -
Mr. David Westfall Mr, Stephen Klawans,
Mathematictan, Hydraulic & -
Environmental Engineering Branch
State of [11inais CPT Richard Hurt -
r. Janiel [njerd Civil Engineer, Hydraulic &
Chief, Lake Michigan Management Environmental Engineering Branch
Section, Ofvision of Water
Resources, [l1linois. Oept. Mr. John Vento -
of Transportation Water Control 8ranch
North Central Division
Mr. Patrick Brady -
Lake Michigan Management Section
Division of Water Resources
[11inois Dept. of Transportatiom o
Northeastarn [11inois Planning Cormission
r. Jona ey, sultant
Mr, Gary Schaefer -
Mr. Dennis Orehar
United States Geological Surve 8
Mr. Greg Fisk
Hydralogic Technician
Dekalb Field Office
-
|
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NCCED-A
SUBJECT: First Workshop Meeting with the Tecnnical Comittee fir Aaview of
Lake Michigan Diversion at Chicago, [llinois

3. General background overviews were presented on the afterncom of 14 July 1386
by CPT Hurt of the Corps of Engineers and by Mr. Daniel Injerd of the [1linois
Department of Transportation.

4. On the morning of 15 July, a detailed presentation on the automated dccaunting
procedure was given by the Northeastern [l1linois Planning Commission. The presentat:
included a description and explanation of each column of the accounting report, a
general description of the water budget system and a review of tne balancing system
and water balance for the 1983 Water Year. In the afternoon, the comittee visitad
Chicago Harbor to view the leakaqe along the North-South turning basin wall and

at the Chicago Lock and Controlling works.

5. On 15 July, the committee took a field trip to the Romeoville Acoustical Velocit:
Meter (AVM) site, West-Southwest Sewage Treatment Plant, Calumet Sewage Treatment
Plant and Thomas J. O0'Brien Lock and Controlling Works. CPT Hurt and John VYento

of the Corps of Engineers accompanied the committee, as did Dan Injerd and Pat Brady
of the [11inois Department of Transportation. Greg Fisk of USGS was on hand at tne
AVM to explain its workings and to answer questions regarding cperation and maintenar
of the system, Also on site were Mr. Chris Burke and Mr. Herb Scholler of Marza
Engineering. The firm of Harza Engineering has been retained by the State of [1lingi
to review the discharge record of the AVM in comparison with Lockport discharge recor
Mr. Richard Heil and Mr, Greg Cargill of the Metropolitan Sanitary District of
Greater Chicago provided tours of the metering systems at the West-Southwest and
Calumet sewage treatment plants respectively,

6. The 17th of July was used for discussion periods between the committee and the
Corps of Engineers. Principal topics fncluded AVM records, Corps' records and
available data for committee review, The committee spent the afterncon in closed
sassion discussing observations and preparing a 1ist of additional matertials needed.

7. 0On the morning aof 18 July, a schedule for the 2nd workshop was developed.
A request list for additional materials was given to the Carps. The second
workshop will be held on 9 to 12 September 1386. Principal areas of interest
are USGS operation of the AVM, Northeastern [l1linois Planning Commission detatl
of the hydrologic accounting model ana field trips ta the Main TARP Pumping

Station and tunnel system l3A.
,&Zialhaé 4{deirﬂF_—

RICHARD D. HURT
CPT, Corps of Engineers
Civil Engineer

2 Encl
1. Agenda for Workshop #1

2. Proposed Agenda for Workshap #2
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Hydraulic and Environmental

Engineering Branch

-
sacand Technical Committee for review of
Lake Michigan Diversion Flow Measurements -
and Accounting Procedures
First Workshop (14 July-18 July 1986) -
AGENDA
14 July 1984 -

A.M,
1:00 P.M.-1:30 P.M.

1:3u PIM'-Z:an ﬂ!”'

Z:]u F.H.-zlnu P¢H-
]:ﬂﬂ Ps“l']:lﬂ Fi"'
3:30 P.M,.-4:30 P.M.

15 July 1986

9:00 A.M.-10:30 A.M.
10:30 A.M.-11:00 A.M.
11:00 A.M.-12:00 P.M.
12:00 P.M,- 1:00 P.M.
1:00 P.M.- 2:00 P.M.

2:00 P,M.- 2:30 P.M.
2:310 P.M,- 1:00 P.M.
3:uu P-H.‘ 4:““ F-HO

Travel time

Arrival, [ntroductions (LTC Finch, Mr. Injerd, Mr. Fuu:nf.
Administrative Matters (establishment of future workshop
dates) -

Review Session (COE only)

a. History of diversion (including Supreme Court decrees

b. Characteristics of canal system; components of diversyy
measurement points
c. DNiscussion of significant avents (milestones in

monitaring program; reparts produced; future actnttt-:
Areak

[00T Ariefing -

General Discussion, uestion § Answer Session
-

NIPC Presentation (Mechanics of new accounting systam) g

Break
Question & Answer Session (with NIPC personnel) -
Lunch

=
MSDGC Presentation (TARP and its inpact on accounting sys%

recip Lages, |reatment Plant Zecords)

Break -
Question and Answer Session (with MSDGC persannel )

-
General Oiscussion (with COE personnel)

-
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16 July 1986
9:00 AM. - 10:30 A.M. AVM (Field Visit)

10:30 A.M. - 11:00 A.M. Travel Time

11:00 A.M, - 12:30 P.M. West - Souythwest STP (Field Visit)
1:00 P.M - 2:00 P.M, Lunch

2:00 P, M, - 3:00 P.M. Travel Time

3:00 P.M. - 4:00 P.M. Calumet STP (Field Visit)

4:00 P.M. Return to Office

17 July 1986

To be determined by committes

18 July 1986 (A.M. only)
To be determined by committee

P.M. - Departure of committee members
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Hydraulic and Environmental

Engineering Branch

Secand Technical Committee for review of
Lake Michigan Diversion Flow Measurements

and Accounting Procedures

Second Workshop (9 September-12 September 1986)

9 September 1986

9:00 A M.~ 9:30 A.M.
9:30 A.M.-10:30 AN,
10:30 A.M,-11:00 A.M.
11:00 A.M.-12:00 P.M.
12:00 P.M.- 1:00 P.M,
1:00 P.M.- 2:30 P.M.
2:30 P.M.- 3:00 P.M.
3:00 P.M.- 4:30 P.M.

10 September 1986

PROPOSEN AGENDA

INOT Presentation (Allocation of Lake Michigan water)

Question & Answer Session (with [DOT persannel)
Sreak
Question & Answer Sessfon (with NIPC personnel)
Lunch

USGS Presantation (AVM System § Operations)

Break

Question & Answer Sessiom (with USGS personnel)

Field trips to Lockport (Lock & Dam, Powerhouse, Contralling Works) and
TARP (Extension to Sewer System 13A & main pump station)

11 September 198§

9:00 A.M.-10:30 A.M.
10:30 A.M.-11:00 A.M.
11:00 A.M.-12:00 P.M.
12:00 P.M.~ 1:00 P.M.
1:00 P.M,= 2:30 P.M.
2:30 P.M.- 3:00 P.M,
3:00 P.M.~ 4:30 P.M.

Presentations by parties of litigation (as requested

by individual states)

Break

Question & Answer Session (with state personnel)

Lunch

Committes working session (private)

Break

Committee working session (with COE personnel)
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12 September 1986

9:00 A.M.-10:00 A.M. Committee working session (private)
10:00 A.M.~10:30 A,M. Break

10:30 A.M.-11:00 A.M. DOfscussion of Administrative Mattars

11:30 A M, Committee members depart
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llinois Department of Transportation
Division of Water Resources

310 South Michigan Avenue / Room 1608
Chicago, illincis 60604

January 27, 1986

LTC Frank R. Finch
Oistrict Engineer
Corps of Engineers
Chicago District

219 S, Dearborn Street
Chicago, IL 60604-1797

RE: Selection of Second Three-Member Committee

Oear Colonel Finch:

Thank you for the opportunity to comment on the six candidates
that have been selected for consideration for the next
three-member committee. Upon review of the resumes of these
six candidates, we concur with the Chicago District's
recommendations that the next three-member committee consist of
Or. John J. Cassidy, Mr. Harry H. Barnes, Jr., and Mr. David E.
Westfall. We have no objections to Dr. John J. Cassidy being
selected as the chairman of the committee.

It is our feeling that 1f one of the recommended three
candidates cannot serve on the committee, the Corps consider
either Dr. Carl F. Nordin or Mr, Sain. We believe that at
least two of the committee members should be new members.

[ appreciata the opportunity to comment on the selection of the
committee. Please keep me advised of the status of the
selection of the next three-member committee.

Yours very truly,

(\\MNR-D.L?

Neil R. Fulton
Chief

BUREAU OF RESQURCE MANAGEMENT

NRF:DI:sn
10561
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lllinois Department of Transportation

Division of Water Resources
2300 Saouth Dirksen Parkway/Sorningfield. lllincis/ 62764

May 29, 1386

Lt. Colonel Frank R. Finch
District Engineer
Oepartment of the Army
Corps of Engineers

Chicago District

219 South Dearborn Strest

Chicago, I[1linois 60604
Dear Caolonel Finch: p£2

South U.S. Government Inner Breakwater,
Lake Michigan, Cnicago, I1linais

As we have discussed previously, the north-south, inner
breakwater soutn of the Chicago River lock is leaking
saverely. Because of the seriousness of this proolam, we have
developed plans and specifications to madify and repair the
cutoff wall portion of the breakwater.

Enclosed are two (2) sets of plans and specifications for your
review, comments, and/or approval. Note that the “Construction
Procedures” allow our contractor to use light venhicles on the
top of tne breakwater. Also note that the “Dewatering Special
Provision” permits the contractor ta construct a sandbag or
other light portable type cofferdam on the top slao of the
oreakwater.

[F yuu_have any questions or need further information, please
ca]l Jim Pence at 217/785-1037. Your earliest attention to
this matter will be appreciated.

Sincerely, - —-——

Uunald R. Vonnahme
Director

Enclosures
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U.5. Geological Survey 2

- Champagne County Bank Plaza 'ﬁ";l:t- ! L/F__'_'_'_'_.
lUZ East Main, 4th Floor e — ! —_
Urbana, [L 5l801 ‘..'..‘. | b |"—:="

- =
Atta: Larry G. Toler

Uiscricc Chief
-
Dear Mr. Toler:

- Subjecc: AVM Romeoville
We have pleasure in enclosing a reporc prepared by Alan Rowse on his recent
visic co che Romeoville gage together with a Table of Sice Constancs and a

- Summary of Site Visics made by Sarasota personnel since commissioning ia March
L1384,

- . It is our underscanding thac the damage causea by a lighctning scrike on the day
following Alan's departure has now been rectified and chac all is working
correctly. We would be inceresced to learn if the DCP link is functioning and

B that data is being received ac che down link site.

Yours sincerely,
- SARASOTA AUTOMAT NC
-

Willia -« Buck
; ﬁéﬂplﬂiil Products -
WAB/rm

- CC: Charles Derr/ SAI-H
Bob Cooke/ SAL=-S
Alan Rowvse/ SDPL
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Report on Acoustic Cage, Chicago Sanitacry & ship Canal,
Romeoville from visit on Sepe. 13-l4, L4386
By A.A. Rouse

On Arrival act cthe sice, the gage appeared to be working. Close inspection
revealed the following:

L. The signals being received from the transducers were of adequace
strength and were reliably received.

2. The readings for path time difference (Funccion 64) and hence for
resolved water velocity (Funccion 62) showed excessive variabilicy,
almost always reading low. Somecimes nalf che expecced value, but ofcen
the values were approximately as expected.

The problem was caused by a faulec in che central processor memory on Che
CPU card. The sysCem made arithmecic errors:

3. The consctancs stored in the gage, which defined the formula for
calculating velocity ("K" on Function 90) and for calculating flow ("W"
on Funccion 91) had both been sec high by some 3.51. This would cause
the gage to read high by some 7.3Z%.

b The signals on the depth gage were large. This was sec up criginally
because che transducer had been poorly aligned. The resulct of chis was
that refleccions from the bank and other items in the vater were of
sufficient scrength to be detected. To eliminacte these, the sysCem wvas
sat to ignore any signals occuring earlier than ano equivalentc water

depth of 21.5 feec.

5. Pach lengths and site geometry were checked by USGS personnel and found
to be as originally sec up in March 1984 and June 1384.

b. The back up battery oan the gage memory card ("CRAM") had falled,
allowing the gage to lose its constancs and data during a pover failure,
although such a loss had not occurred recencly.

7. The 5232 card connected to the telephone modem had a failed output
chip, and did not work.

8. The:R5232 output for the DCP was plugged inCo one of the two independent
printer sockets, on che back of the gage electronic console. It would
therefore not communicate to a DCP with cthe required protocol.
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L have had experience in secting up some l4 permanenc multipach gages (of
between & and 20 pachs) in the UK, and experimented on some 20 different rivers
with portable equipmenc. For all chese sices che following statemencs were

Crue:

a. The gage behaved as an absolute instrument. That is, the syscem gives
accurate values for velocity £from che basic physical data of path
cravel cimes, ctime differences, pacth lengths & angles in accord wich
well known formulae published in [SQ scandards (IS0 A41l6 & 6418),

b. The best value to use for bed elevaction i3 the mean of all craoss
sections in the reach covered by the gage. On cthe Ship Canal, chis weould
be the average of many readings taken across the river in a rectangle
168 £t long by 154 feec wide.

Ca The velocities of all paths show a generally scable relacionship to each
other. In a deep scraight canal, with no greac changes in bed elevacion,
then Lf one pach velocity increased by 50%Z, all pach velocities would
increase by some 50%.

d. This relationship is only affected by the presence of river traffic,
whea the action of the propellors can produce changes on lower paths.
These effects are however ctemporary, and last for some 1 minuces only.

After discussing the above findings wich USGS scaff and Mr. H., Barnes, the
following actions were taken:

1. The CPU card was changed for a spare held on site by USGS, and the old
one taken away for repair.

2. The site constancs for path length (Fa8l) vere set to values agreed wich
Mr. Barnes; based on a lengch of 235.00 feee for path 2 (cross path) and
the relacive timings for all other paths. The values them produced by
cthe gage for velocicy of sound (Fnbéb) wers consiscenc.

3. The site conscants for K & W vare set to values based solely oo river
widch and angles. All pachs now have thea same values for K & W and these
ares the same as vers used in April 19835.

G The RS5232 for the telephone modem was changed for a spare held on sice
by USGS, and cthe old one taken away for repair. The telephone daca
system then worked.

5. The batteries on the "CRAM" card and "real ctime clock" card were
replaced, and dacta them survived power failure.
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The DCP was connected up Co the correct oulput. Lt appeared to transfer
data as required.

The sensicivity of the depth gauge was reduced by a faccor of about 8 by
changing C5 & Cl& to LU0 pf on the depth Tx card, which resides in the

mosec right hand posicion of che lower rack. The minimum depth cricerion
Fn59.00 was changed so that depths down T2 20.0 fr can now be measured.

The new sat of site constancs were noted, and a copy given to Ar. Toler.
A further copy ls acrtached.

Headings of one minute averaged velocicies, depths and flows (Fns 62, 02
% 0Ol) were recorded in the presence of Mr. Barnes over a period of about
? hours while current mecer readings were taken by USG5 personnel. The
relacive values for pach velocitles were consiscent and L believe chem

to have been correckC.

Alan A. Rowse
Technical HManager
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Chicago Ship Canal Homeoville Site Canscancs Sepc. 23, 1936

Function .00 .oL .02 .03 .04 Noces
10 L& 16 L& 1& -—
12 255 — -= == -
13 35.00 - -- -- --
L5 41111 - - -- -
10 10 - - -- -
£} 3985.75 - - -—- -— System will sec thnis
32 1.000 - -- — -
13 127 - - -— -—
34 127 -— - - --
36 255 — -— -— -
i9 0.80000 - -— - -
51 15.98 -~ -— - - Depth gage datum
52 1.000 - -- -- —
53 127 - - -— —
54 4 - -— - - Syscem will sec chis
56 255 — - - -
80 - 2 4 & 8 Path address
31 -— 5.02 12.67 12,72 20.32 Path elevacion
a3 - 232.935 235,00 233.78 234,36 Pach Length
84 - o V] a V]
85 -— 85 85 85 147
86 -— 2 2 2 2
30 - 154,00 164.00 164.00 164.00 K
31 - 82.00 82.00 82.00 82.00 W (=1/2 river widch)
97 32000 -— - - -—
EL 2.00 - - - - Min water depch over ;
99 LS L5* O Averaging period
Notes - means that the value does not have to be set.

# This will decrement every minute. After 15 omins it will be resec.
+ This will increment every minuce. Afcer 15 mins ic will be resec.
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Chicaga Ship Canal Romeoville

l.

3.

5.

7.

8.

l9th to 23rd March 1984

léth co l8ch April 1384

11th June 1984
S5th November 1984

4ch april 19835

17 - 18ch April 1985

Movember 1985

23-24th September 1386

Summary of Slte Visics
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Gauge Lnstalled by A R = Bill Buck.
USMP7 suite of program. No American averag

Transducers refixed. A R in attendance
USMPS suite of programs. Telephone modem

Transducers refixed JDN in attendance
Signal Decector falled. Dry Joinc. Bob Qg

R5232 failed & jammed processor  Bob CLoak
Replaced, but gauge would not work.

-
Gauge checked and found all cables to Ear
and path 2 on near, cut under water. RS2
DCP plugged in with provisional prom. Calyy
for pachs 1, 3 & 4 temporarly reconnected.
AR & BC

Noted: 1. CPU Timer is old desigm. No hal®

auto resst.

2. RS232 in posn 2 can corrupt CRAM if o
-

Visit by Bob Cooke Connected Sutron

Visic ta check reasom for gauge reading
AR & Charles Derr & Representacives of !!
committies. CPU suspected of producing
erronecus random low readings (Mo other
had any effect). Bacteries dead on CRAM &
Clock. RS232 for telephone had blowm Tx o
chip. Constants reset to original values
or less). Big check gauging v. 1 min resg
taken. Depth Tx card C5 & Cl& changed £o
to reduca gain & enable gate Co open earl
DCP output connected to Sutron unit. "



United States Department of the Interior

GEOLOGICAL SURVEY

Champaign County Bank Plaza
102 East Main Streec

Fourth Floor

Urbana, IL 61801

May 30, 1986

Mr. Ignas Juzenas

Chief, Engineering Division

Chicago District, Corps of Engineers
219 5. Dearborn Street

Chicage, IL 6&0604

Dear Mr. Juzenas,

Thank you for the opportunity to review Richard Hurt's draft copy of

a report on the Chicago Sanitary and Ship Canal flows for 1985. Your
efforts seem to confirm that MSD data could be used to estimate
discharge for periods of missing record at the AVM site. It is, however,
the policy of the U.5. Geological Survey to use actual records to
compute discharge if records are available. We have no indications

our records are erronecus and therefore our published records will

be those based on the AVM data.

Although we recommend the MSD records as one means of estimating
periods of missing records, we have some technical concerns about
their use for the long term. A najur concern is the discontinuity
in the discharge range of 5000 fe3/5 caused by the use of twa
equations. This problem seems to persist regardless of the discharge
selected for the breakpoint.

Sincerely,

/

G. Toler
District Chief

cc: Dan Injerd
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CHICAGO DISTRICT. CORPI OF ENGINEERS
219 SOUTH DEARBORN STREET
CHICAGO. ILLINOIS §0804 1787

DEPARTMENT OF THE ARMY 7

agrLY TO 31 CIT 1985

ATTENTION OF
Hydraulie & Environmental
Engineering Branch

Mr. Neil Fulcton
Chief, Bureau of Resource Management

Illinois Department of Transportaticn
Division of Water Resources

310 South Michigan Avenue, Room 1606
Chicago, Illinois 60604

Dear Mr. Fulton:

our office has recently completed a review of the proposed acoustical
velocity meter (AVM) backup system for measurement of Lockport flows. Tha
review was based ca the USGS backup proposal dated 18 July 1983.

A copy of the report highlighting our findings is enclosed for your
information. Any comments regarding the content of the report should be
directed to Captain Richard Hurt of ay scaff, ac (312) B886-0455.

Sincerely,

4

FRANK R. FINCY, P.E.
LIC, Corps of Enginesrs
District Eagineer

Enclosure

CF w/encl:

Mr. Allen W. Noshra
Surface Water Specialiat
USGS

Champaign County Bank Plaza
102 E. Main Street, 4th Fl.
Urbana, IL 61801
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Hydraulic & Environmental October 1385
Engineering Branch

Review of Alternative Backup Systems for Acoustical VYelocity Flowmeter (AVM)

Purpose: To review proposed AVM backup system procedures and results for
accuracy and predictability.

Procedures Used: Using the raw data from the USGS backup proposal dated

T8 July 1385 and MSOGC daily Lockport flows as reported to Rock Island District
(and subsequently to Chicago District), the Corps independently developed
regression equations to predict AVM flows. 8ase data was taken from reported
flows for periods of 1-20 March 1985 and 18 Aprili6 May 1985. The Corps uti-
lized a TI55 hand-calculator to assist in the computation analysis. The basic
procedure was a standard least squares fit straight line representation of data.
The raw data from the USGS report was broken into two sets with separate
regression analyses completed. Corps' results were then compared with USGS
derivations.

Results: (A) Brandon Road regression analysis

As stated above, the raw data for this total analysis was separated into two
cets. The results of the two analyses are as follows:

(1) Brandon Rd. Flow - Riverside Flow > 1980

slope = 890 USGS regression equatfon:
intercept = 373 V2 = antilog (1.121 log Vi -.41)
standard dev. = .195

variance = ,033 COE regression equation:
correlation = .399 V2 = antilog (1.128 log Vi -.42)

The abave analysis was done using available USGS base input data and based on a
least squares fit of common logarithms of data values. The low standard
deviation and high correlation coefficient indicate that this routine should
lend itself extremely well to flow predictions. Three additional USGS points
were located in the above upper range but were not listed as base input data.
These points may account for the slight difference in the developed equations.

(2) Brandon Rd. Flow - Riverside Flow <« 1980

slope = 1.17 USGS regression equation:
intercept = -, 729 V2 = antilog (0.565 log Vi +1.36)
standard dev, = .150

variance = 022 COE regression equationm:
correlation = .869 V2 = antilog (.855 log V1 +.623)

The above analysis was also done using available USGS base input data and Dased
on a least squares fit of common logarithms of data values. As can be seen
from the above, the Corps was unable to duplicate the USGS developed equation,
Additionally, further investigation of the mathematical derivations could not de
done as the computer program used by the USGS was not available to the Corps far
this review.
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(8} Corps' regression analysis
-

The Chicago District utilized standard linear regression analysis procedures to
develop a prediction tool for AVM flows utilizing daily Lockport flows as
reported to Rock Island District by MSOGC. The daily data is less accurate than
the monthly flows previously reported by MSOGC. The daily flows are derived by
powerhouse operators based upon remote meters for sluice gates and control
works. The average error (difference) in the daily readings is less than 5%
over an average 30-day pericd. The daily Lockport readings for the periods 1-20 &
March 1985 and 18 April-6 May 1985 were plotted against AVM readings for those
dates (fig. 1). The data were divided into three groups of (1) greater than
6000 cfs (MSD), (2) March-less than 6000 cfs (MSO) and (3) April/May-less than

6000 cfs (MSD). Least squares fit analyses of all groups provided equations of -
representative lines for the data groups. The data groups for less than 5000
cfs tended to be tightly grouped, showing good correlation to the representative
line. . -
> 6000 cfs y = 535 Tn X +4.,048
where y = AYM flows -
x = Lockport daily flows
< 6000 cfs - March
y = e+7947 In X +1.7328 -
< 5000 cfs = April/Ma
ys ..ngz In X +.0831
-
The three group breakdown was used due to a perceived error in the AVM data
after 22 March 1985, The plots of the less than 6000 cfs data tend to indicate
a definite shift in AVM readings following the AVM repair. -
Recommendations:
-

The USGS procedure is theoretically sound and should provide reasonable back-up
for the AVM. The Corps recommends the use of daily flows at Lockport as
reparted to Rock [sland District as the data base rather than 8randon Road
flows. The Corps also recommends that a minimum of one week's flows be deter- &
mined in the event of required back-up. While the observable error for a single
day prediction may be as high as 30%, the error for a weeklong period drops to
less than 108. The Corps further recommends that the base data for the -
regression analysis be taken from a period of at least 90 consecutive days

during the original AVM calibration period (July 1984 - March 1985).
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APPENDIX OF COMPUTATIONS

Derivation of Regression Equations

Mathematical theory:

V1 = Brandon Rd. discharge - Riverside discharge

Y2 = AVM discharge (at Romeoville)
Let ¥ =1log Vp

X =log ¥V

Y =mX+b (m=slope; (0,b) =y intercept)
R S

«+ logV2 =logVy -b and ¥z = antilog (log Vy = b)

m m
or V2 = antilog (1/m Tog V] - b/m)
For Vi > 3980 (b = .373; m = ,890)
."+ V2 = ant1log (1/.890 log Vy - .373/.890) or [V3 = arEiTog (TT8 Tog 7y — T
For V1 < 3980 (b = -.729; m = 1.17)
.+ V2 = antilog (1/1.17 Tog Vy = =.729/1.17) or [V7 = 3AETTog 1355 Tog Vi <%
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November 27, 1385

Mr. Ignas Juzenas, Chief
Engineering Division
Chicago District

Corps of Engineers

219 S. Dearborn St.
Chicago, IL 60604

Dear Mr. Juzenas:

Attached 1s a copy of the Lake Michigan Diversion Accounting
Report for the 1983 water year. This is the final version, and
reflects the comments of the Chicago District. Pleasa note
that while we show columns for induced infiltration, we have
not included this component as a deduction ta the Lockport
record.

I would appreciate receiving a copy of the Corps report on Lake
Hicn:gm diversion prior to it being distributed ta the other
parties,

Regarding your letter of November 12, 1985 concerning the AVM
system, be assured that we also have been concerned with the
inability to calibrats the AVM with USGS field measurements
since the March 21, 1985 breakdown. We are encouraged that a
recent examination by the manufacturers serviceman revealed a
error in the stage data used to compute discharge. Two
subsequent calibration checks by the USGS on November 19 & 20,
1985 yielded the following results:

11/19/85 11/20/85

Measured discharge 6660 cfs 8507 cfs
AVM discharge 6413 cfs 8051 cfs
Difference 247(3.73) 456(5.4%)

It should be noted that both calibrations occurred during
periods of changing stage and discharge. The USGS plans
additional calibration checks in the near future.

If subsequent calibration checks reveal that the AVM g again
measuring discharge within acceptable limits, 1t appears that
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the type of error will enable the USGS to correct the AVM
discharge data from Marcn through November, 1985. The USGS
plans to prepare a written report discussing this prodlem and
what steps they have taken to correct the problems which have
been encountered.

While the problems that have been experienced with the AVM over
the last year have certainly been disappointing, to a certain
extent they were expected since a new flow measurement
tecnnology was being used and that it would take some time for
USGS persannel to become proficient in servicing and
maintaining this type of equipment. Nevertheless, I remain
confident that our decision to switch to a AVM system will in
the long run produce a vastly improved flow measurement record
at Lockport and at this point I do not share your opinion that
"tne known inaccuracies of the old Lockport system are
preferaple to the unknown inconsistencies of the AVM' .

There is another important point to this discussion that [ wish
to reiterate. When we made the decision to switch over to the
AVM, of equal or perhaps greater importance to our desire to
improve flow measurements at Lockport was turning over the
primary responsibility for the most important flow measurement
in diversion accounting to the federal agency that has the
recognized expertise in flow measurement and which was
specifically included in the 1980 amendments to the Decree.
Tnus, wnile we cost-share with the USGS for operation and
maintenance of the AVM system, the responsidbility for reporting
and verifying the discharge data from this gaging station rests
solely with the USG5, as does the development of a backup
system to determine flows when this station is out of
operation. We will continue to be an active participant in the
development of work plans concerning calibration and backup
procedures, and trust that we can continue in a spirit of
cooperation among the three agencies.

Please feel free to call if you have any questions.

Very truly yours,

0Guund

Daniel Injerd, Chief
Lake Michigan Management Section

Enclosure
di
cc: Larry Toler, USGS
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