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EXECUTIVE SUMMARY

This document is the Water Year (WY) 1997 Annual Report of the Chicago
District, U. S. Army Corps of Engineers activities in the monitoring and review of the
accounting of Lake Michigan diversion flows through Chicago, lllinois as directed by
1980 amendment to the U. S. Supreme Court Decree. Additionally, this report serves
to summarize the Corps' major accomplishments with respect to the mission as
mandated by the Water Resources Development Act of 1986, PL99-662, Section 1142.
This act gave the Corps complete responsibility for diversion accounting effective
1 October 1987. This report provides an overview and audit of flow measurements and
accounting computed by the Corps of Engineers for WY 1996, 1 October 1995 through
30 September 1996.

The Lake Michigan Diversion Accounting Report for WY 1986 has been
completed. The State of lllinois diverted 3,108 cfs during WY 1996. This diversion is
92 cfs less than the 3,200 cfs 40 year average diversion specified in the modified
decree. The running average of the diversion for WY 1981 through WY 1996 is 3,418
cfs, or 218 cfs over the annual allocation. Also, the annual average diversion has
exceeded the 3,680 cfs annual limit three times, once more than the maximum number
of times allowed in the decree. Additionally, the absolute annual maximum of 3,840 cfs
has been exceeded during the WY83 accounting period. The cumulative deviation is
now -3,493 cfs-years. The negative sign indicates a cumulative flow deficit. The
maximum allowable cumulative flow deficit specified in the decree is 2,000 cfs-years.
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INTRODUCTION

The diversion of water from the Lake Michigan watershed is important to the
Great Lake states and to the Canadian province of Ontario. The states and province
that border the Great Lakes have concems with diversions during periods of low lake
levels and the long term effects of diversion. To insure these concemns are considered,
the U.S. Army Corps of Engineers is responsible for the accounting of flow diverted
from the Lake Michigan watershed.

The Water Year (WY) 1997 Annual Report on Lake Michigan Diversion
Accounting presents activities by the Corps of Engineers in accounting for the diversion
from Lake Michigan by the State of lllinois. The accounting of the diversion is
performed according to the guidelines established in the 1980 modified U.S. Supreme
Court Decree conceming the diversion.

Presented in this report is the history of the diversion and its accounting, the
certification of WY 1996 diversion flows, a description of the sources of the diversion, a
description of the accounting procedures, and a summary of all significant activities that
occurred during WY 1997.

AUTHORITY FOR REPORT

Under the provisions of the U.S. Supreme Court Decree in the Wisconsin, et al
v. lllinois et al, 388 U.S. 426, 87 S.Ct. 1774 (1967) as modified by 449 U.S. 48, 101 S.
CT. 557 (1980), the Corps of Engineers monitors the measurement and computation
Lake Michigan diversion by the State of lllinois. The terms of the modified decree
require the Corps of Engineers to prepare an annual report on the accounting of the
Lake Michigan water diverted by the State of lllinois and actions taken by the involved
agencies.

HISTORY OF THE DIVERSION

Water has been diverted from Lake Michigan at Chicago into the Mississippi
River Watershed since the completion of the lllinois and Michigan (I & M) Canal in
1848. At that time, the diversion averaged about 500 cubic feet per second (cfs). The
I & M Canal was built primarily to serve transportation needs by providing a connecting
watercourse between the Great Lakes and the Mississippi River system.

With the development of the Chicago metropolitan area, sewer and drainage
improvements led to severe sanitation problems in the mid to late 1800's. The newly
constructed sewers moved water and wastes into the Chicago River, which until 1900
drained to Lake Michigan. The water quality of Lake Michigan deteriorated and
contaminated the city's primary water supply.

A second problem that occurred during this time period was an increase in the
overbank flooding within the city. As more roads were built and buildings constructed,
the sewer system was correspondingly expanded. The increase in impervious area



from the newly constructed roads and buildings increased the rate and volume of
stormwater runoff and resulted in increased flooding.

As a solution to the sanitation and flooding problems, construction of the
Chicago Sanitary and Ship Canal (CSSC) was undertaken. Construction of the CSSC
allowed the flow direction of the Chicago River to be reversed (Figure 1). Construction
of the Chicago Sanitary and Ship Canal was completed in 1900 by the MWRDGC. The
CSSC followed the course of the older | & M Canal. The CSSC is much larger than the
| & M canal and can handle the Chicago River flow, as well as increased shipping. In
the 1930’s, the Chicago River Controlling Works (CRCW) was constructed at the mouth
of the Chicago River. The CRCW regulates the amount of Lake Michigan water
allowed to pass into the river and restricts river flooding from entering Lake Michigan.
The Lockport Lock and Dam controls the water level in the CSSC.

Between 1907 and 1910, the MWRDGC constructed a second canal called the
North Shore Channel. it extended from Lake Michigan at Wilmette in a southerly
direction 6.14 miles to the north branch of the Chicago River. The Wilmette Pumping
Station, also known as the Wilmette Controlling Works, regulates the amount of Lake
Michigan flow allowed down the channel through the use of one vertical lift gate.

Construction of a third canal, the Calumet Sag Channel, was completed in
1922. The canal connects Lake Michigan through the Grand Calumet River, to the
CSSC. The Calumet Sag Channel was constructed to carry sewage from South
Chicago, lllinois and East Chicago, Indiana. The Blue Island Lock and Dam controlled
flow through the canal. The O'Brien Lock and Dam, which replaced the Blue Island
Lock and Dam, was completed in 1967 and is located on the Calumet River. The
O'Brien Lock and Dam regulates the flow of Lake Michigan waters down the Calumet
Sag Channel. Figure 2 shows the affected watershed.
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SIGNIFICANT HYDROLOGIC EVENTS

During WY 1997, a total of 31.01 inches of precipitation fell at the National
Weather Service (NWS) O'Hare Weather Station. This recorded precipitation for WY
1997 is 13% less than the long term (1951-1990) average of 35.82 inches. The
recorded monthly rainfall data during WY 1997, and the deviation from long term
annual and monthly average precipitation, are tabulated in Table 1.

TABLE 1 WY 1997 MONTHLY AND ANNUAL PRECIPITATION (INCHES)
National Weather Service, O’'Hare Weather Station

1951 - 1990 Average Percent of

Month Precipitation Precipitation Dewation Awerage
Oct-96 232 241 -0.09 96%
Now96 148 292 -144 51%
Dec-96 1.21 247 -1.26 49%
Jan97 1.38 1.53 -0.156 90%
Feb-97 5.56 1.36 420 409%
Mar-97 1.57 2.69 -1.12 58%
Apr-97 1.76 3.64 -1.88 48%
May-97 2.69 3.32 -0.63 81%
Jun-97 3.81 3.78 0.03 101%
Jul-97 3.04 3.66 -0.62 83%
Aug-97 450 422 0.28 107%
Sep-97 1.69 3.82 -2.13 44%
Annual  31.01 35.82 -4.81 87%

STATUS OF ACCOUNTING REPORTS

Lake Michigan diversion flow data is summarized in accounting reports prepared
on an annual basis as fiows are certified. Since implementation of the modified
Supreme Court Decree of 1 December 1980 and before this report, the Corps of
Engineers has certified diversion flows for WY 1981 through WY 1995. The WY 1996
Lake Michigan Diversion Accounting Report is certified and included as appendix A of
this Water Year 1997 Annual Report. The State of lllinois diverted 3,108 cfs during WY
1996. This diversion is 92 cfs less than the 3,200 cfs 40 year average diversion
specified in the 1980 modified decree. Table 2 shows the accounting year, the certified
flows, the running average flows, and the cumulative deviation from the allowable
diversion of 3,200 cfs.



The running average diversion for the period WY 1981 through WY 1996 is
3,418 cfs, 218 cfs greater than the 3,200 cfs 40 year average diversion specified by the
modified decree. Also, the annual average diversion has exceeded the 3,680 cfs
annual limit three times, once more than the maximum number of times allowed in the
decree. Additionally, the absolute annual maximum of 3,840 cfs has been exceeded
during the WY93 accounting period. The cumulative deviation, the sum of the
differences between the annual average flows and 3,200 cfs, is -3,493 cfs-years. The
negative cumulative deviation indicates a cumulative flow deficit. The decree specifies
a maximum allowable deficit of 2,000 cfs- years over the first 39 years of the 40 year
averaging period.

Data collection and preparation, diversion computation, and report writing for the
WY 1996 accounting report was performed by the Corps. Data collection and
preparation for this report began in Fiscal Year (FY) 1997. Certification of the WY 1997
accounting report is scheduled for FY 2000.

TABLE 2 STATUS OF THE STATE OF ILLINOIS DIVERSION
Under the 1980 modified U.S. Supreme Court Decree

Accounting Certified Running Cumulative
Year Flow (cfs) Average (cfs) Deviation (cfs)
1981 3,106 3,106 94
1982 3,087 3,097 207
1983 3,613 3,269 -206
1984 3,432 3,310 -438
1985 3,472 3,342 -710
1986 3,751 3,410 -1,261
1987 3,774 3,462 -1,8356
1988 3,376 3,451 -2,011
1989 3,378 3,443 -2,189
1990 3,531 3,452 -2,520
1991 3,555 3,461 -2,875
1992 3,409 3,457 -3,084
1993 3,841 3,487 -3,725
1994 3,064 3,456 -3,589
19956 3,197 3,439 -3,5686
1996 3,108 3,418 -3,493

SOURCES OF DIVERSION

The Lake Michigan diversion consists of three primary components. These
components are domestic pumpage from Lake Michigan used for water supply and not
returned to Lake Michigan, stormwater runoff from the diverted Lake Michigan
watershed, and direct diversions through the three lakefront control structures.



Domestic pumpage from Lake Michigan is used for water supply and its effluent
is discharged to the canals by various Water Reclamation Plants (WRP's). Currently,
the WRP's that divert domestic pumpage from the lake either discharge to the canal
system or to the Des Plaines River and its tributaries. In the future as more
communities convert to Lake Michigan water supply, water supply effluent may also be
discharged to the Fox River. The Fox River is approximately 35 miles west of
downtown Chicago.

Stormwater runoff that previously drained to Lake Michigan through the Chicago
River and the Calumet River now drains to the Chicago Sanitary and Ship Canal
(CSSC) and the Calumet Sag Channel, respectively. The Calumet Sag Channel drains
to the CSSC, and the CSSC ultimately drains into the lllinois River and the Mississippi
River. The drainage area of the diverted Lake Michigan watershed is approximately
673 square miles.

Direct diversion locations are at the Chicago River Controlling Works (CRCW),
the O'Brien Lock and Dam, and the Wilmette Controlling Works. These controlling
structures are located downtown, at the south end, and at the north end of the Chicago
area, respectively.

The direct diversion consists of four components; lockage, discretionary flow,
navigation makeup flow, and leakage. The lockage component is the flow used in
locking vessels to and from the lake. The purpose of the discretionary diversion is to
dilute effluent from sewage discharges. When large storms are forecast, the canal is
drawn down before the storm to prevent flooding. If the runoff is not enough to refill the
canal, navigation makeup water is passed. The leakage component is water estimated
to pass, in an uncontrolled way, through or around the lakefront structures.

ACCOUNTING PROCEDURES

Diversion accounting uses both measured and estimated flows. A series of
hydrologic and hydraulic computer models use various meteorological data to simulate
flows not measured. These simulated flows as well as measured flows are used to
compute the diversion. Along with the diversion calculation, a number of water budgets
verify simulated flows and estimate the reliability of the computed diversion.

DIVERSION COMPUTATION

An acoustic velocity meter (AVM) was installed and has been operating at
Romeoville (five miles upstream of the Lockport Powerhouse and three miles upstream
of the Lockport Controlling Works) since 12 June 1984. The AVM directly measures
total flow through the canal above both the Powerhouse and the Controlling Works.
The overwhelming majority of the Lake Michigan diversion and some non-Lake
Michigan flows pass through the AVM. The diversion accounting procedure uses the
flow measured at Romeoville and deducts flows not accountable in the diversion.



Diversion flows which bypass Lockport are added to yield the net computed diversion of
water from Lake Michigan. This procedure represents the accounting technique as
required by the modified Supreme Court Decree.

The flow measured at Romeoville was approximately 102% of the annual
diversion during WY 1996. Approximately 92% of the diverted water was measured by
the AVM during WY 1996. This portion of the diversion measured at the AVM is being
reduced due to the influx of western suburbs using Lake Michigan water as their
primary domestic water supply source. Most of these new users of Lake Michigan
water do not discharge their sewage effluent to the canal system. As more
communities are added, more water will be discharged outside the canal system,
further lowering the percentage measured by the AVM.

Deductions from the Romeoville AVM flow include runoff from 217 square miles
of the Des Plaines River watershed discharged to the canal, groundwater supply
effluent and groundwater seepage into the Tunnel and Reservoir Plan (TARP) tunnels
discharged to the canal, and Indiana water supply discharged to the canal through the
Calumet River system and the Calumet Sag Channel (see figure 2 for locations). The
computer models of the Des Plaines watershed area estimate the runoff deduction.
The groundwater pumpage deductions are obtained directly from pumping records.
The Indiana water supply is computed from pumping records and a calculation to
determine the portion of the water supply draining west to the Calumet Sag Channel.

The additions for diversion flow that do not flow through Romeoville are primarily
Lake Michigan water supply pumpage effluent treated and released to the Des Plaines
River or its tributaries. This flow is obtained directly through pumping records of the
communities involved and accounts for approximately 8% of the diversion in WY 1996.
As more communities convert to Lake Michigan water supply, the percentage will
increase.

DIVERSION BUDGET CHECKS

Water budgets verify those flows not measured. Most of the budgets compare
simulated flows to recorded flows and these comparisons indicate the accuracy of the
diversion accounting. The four primary budgets are the budgets for the three major
Water Reclamation Plants (WRP's) that serve the area involved in diversion accounting
and the canal balance budget for the CSSC. The Upper Des Plaines pump station
budget will also become a significant budget after measurement problems are resolved.
The remaining budgets estimate runoff from stream gaged areas in the Lake Michigan
watershed or are budgets of non-simulated flows such as water supply pumpage. The
budgets were discussed in detail in the WY 1996 accounting report.



ACTIVITIES FOR FY 1997

The activities for FY 1997 centered on the WY 1995 diversion accounting
modeling and initiating the data collection and input activities for the WY 1996 analysis.
In addition, work began on the changes to the TNET files for the Calumet tunnel.
Christopher Burke Engineering, Ltd. was hired by the Corps to review the model to
ensure consistency with the as-built plans for the Calumet tunnel system and its
dropshafts. They were also tasked with updating the TNET model to account for the
new Calumet tunnel legs that went on-line during WY 1996. In-house, the Corps began
the change over from computing solar radiation data using O’Hare meteorologic data to
using the measured solar radiation data collected at Argonne National Labs. This
change was necessary due to a change in how O’Hare collected and reported its cloud
cover that occurred in February 1996. The changes to the TNET modeling and solar
radiation are detailed in the WY 1998 accounting report attached herein. The efforts
relating to the changes to the Calumet modeling and the computation of the solar
radiation were carried over into FY 1998 and FY 1999 and were a primary reason for
the delay in the release of the WY 1996 accounting report.

In addition to the activities listed above, ongoing work related to the potential
switch to lakefront accounting continued. This work included:

- The USGS work with the lakefront gages at the Chicago River Controlling
Works and O’Brien Lock and Dam.

- Ongoing mediation activities related to the Great Lakes Mediation
Committee that was initiated in December 1995 including technical support
and detailed analyses of long-term runoff and consumptive use values.

- The U.S. Water Conservation Laboratory detailed QA/QC analysis of three
pumping stations.

ACTIVITIES FOR FY 1998 — FY2000

The efforts in FY_1998 focused on completing the WY 1995 accounting report,
initiating the data input for the WY 1996 accounting report, and contracting efforts
related to establishing the Fourth Technical Committee. In addition the lakefront
activities listed above for FY 1997 continued in FY 1998.

The activities in FY 1999 focused on completing the WY 1996 accounting
report, coordination of activities related to the Fourth Technical Committee, and
ongoing mediation activities related to the Great Lakes Mediation Committee. In
addition the lakefront activities listed above for FY 1997 continued in FY 1999. A
contract was initiated for work on a detailed QA/QC of ten primary water supply
diverters in Chicago and five in the northem Chicago suburbs. The Corps also
completed a hydraulic analysis of various alternatives for Navigation Makeup
Reduction.

The efforts in FY 2000 will include initiation and completion of the WY 1997
accounting report. Lakefront accounting for WY 1997 will also be initiated in FY 2000.
Corps activities continue in support of the Great Lakes Mediation Committee including



technical support. The previously completed studies on long-term runoff and
consumptive use provided the technical basis of an agreement between the states to
potentially move the accounting process to the lakefront. The long-term runoff and
consumptive use studies have been released in draft form and will be finalized in FY
2000 and be included in a final format with the Water Year 1999 Annual Report
(release scheduled for early FY 2001). The Fourth Technical Committee will provide its
final report to the Corps during FY 2000 which will be included in the WY 1998 Annual
Report. In addition, activities related to the potential move to lakefront accounting have
continued in FY 1998 through FY 1999 and will continue through FY 2000. Finally, the
Corps and the State of lllinois are negotiating the agreement to execute a one-year
demonstration study to look at the impacts of a change to the existing Navigation
Makeup operations in an effort to reduce this component of diversion. The physical
study is slated for FY 2001 and will potentially lead to a change in the Code of Federal
Regulations.

ACCOUNTING REPORTS

The accounting report for WY 1995 was completed in FY 1998 and distributed
at the beginning of FY 1999. The accounting report for WY 1996 was completed in FY
2000 and the accounting report for WY 1997 will be completed in FY 2000. Thereafter,
additional accounting reports are expected to be completed in the second fiscal year
following the end of the water year for which the diversion is computed.

SUMMARY AND CONCLUSIONS

SUMMARY

The Lake Michigan Diversion Accounting procedure continues to evolve and
improve. Further improvements are being implemented. A comprehensive diversion
accounting manual is being completed during FY 2000 to include all the improvements.
This manual will be included in the WY 1998 Annual Report. Progress continues to be
made on the Lakefront Accounting activities.

CONCLUSIONS

The Lake Michigan Diversion Accounting Report for WY 1996 has been
completed as required by the Supreme Court Decree. The State of lllinois diverted
3,108 cfs during WY 1996. These flows are 92 cfs less than the 3,200 cfs limit
specified in the decree. The running average of the diversion for WY 1981 through WY
1996 is 3,418 cfs, or 218 cfs over the annual allocation. Also, the annual average
diversion has exceeded the 3,680 cfs annual limit three times, once more than the
maximum number of times allowed in the decree. Additionally, the absolute annual
maximum of 3,840 cfs has been exceeded during the WY93 accounting period. The
cumulative deviation is now -3,493 cfs-years. The negative sign indicates a cumulative
flow deficit. The maximum allowable cumulative flow deficit specified in the decree is
2,000 cfs-years.
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EXECUTIVE SUMMARY

This document is the Water Year (WY) 1997 Annual Report of the Chicago
District, U. S. Army Corps of Engineers activities in the monitoring and review of the
accounting of Lake Michigan diversion flows through Chicago, lllinois as directed by
1980 amendment to the U. S. Supreme Court Decree. Additionally, this report serves
to summarize the Corps' major accomplishments with respect to the mission as
mandated by the Water Resources Development Act of 1986, PL99-662, Section 1142.
This act gave the Corps complete responsibility for diversion accounting effective
1 October 1987. This report provides an overview and audit of flow measurements and
accounting computed by the Corps of Engineers for WY 1996, 1 October 1995 through
30 September 1996.

The Lake Michigan Diversion Accounting Report for WY 1996 has been
completed. The State of lllinois diverted 3,108 cfs during WY 1996. This diversion is
92 cfs less than the 3,200 cfs 40 year average diversion specified in the modified
decree. The running average of the diversion for WY 1981 through WY 1996 is 3,418
cfs, or 218 cfs over the annual allocation. Also, the annual average diversion has
exceeded the 3,680 cfs annual limit three times, once more than the maximum number
of times allowed in the decree. Additionally, the absolute annual maximum of 3,840 cfs
has been exceeded during the WY93 accounting period. The cumulative deviation is
now -3,493 cfs-years. The negative sign indicates a cumulative flow deficit. The
maximum allowable cumulative flow deficit specified in the decree is 2,000 cfs-years.
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INTRODUCTION

The diversion of water from the Lake Michigan watershed is important to the
Great Lake states and to the Canadian province of Ontario. The states and province
that border the Great Lakes have concems with diversions during periods of low lake
levels and the long term effects of diversion. To insure these concemns are considered,
the U.S. Amy Corps of Engineers is responsible for the accounting of flow diverted
from the Lake Michigan watershed.

The Water Year (WY) 1997 Annual Report on Lake Michigan Diversion
Accounting presents activities by the Corps of Engineers in accounting for the diversion
from Lake Michigan by the State of lllinois. The accounting of the diversion is
performed according to the guidelines established in the 1980 modified U.S. Supreme
Court Decree concemning the diversion.

Presented in this report is the history of the diversion and its accounting, the
certification of WY 1996 diversion flows, a description of the sources of the diversion, a
description of the accounting procedures, and a summary of all significant activities that
occurred during WY 1997.

AUTHORITY FOR REPORT

Under the provisions of the U.S. Supreme Court Decree in the Wisconsin, et al
v. lllinois et al, 388 U.S. 426, 87 S.Ct. 1774 (1967) as modified by 449 U.S. 48, 101 S.
CT. 557 (1980), the Corps of Engineers monitors the measurement and computation
Lake Michigan diversion by the State of lllinois. The terms of the modified decree
require the Corps of Engineers to prepare an annual report on the accounting of the
Lake Michigan water diverted by the State of lilinois and actions taken by the involved
agencies.

HISTORY OF THE DIVERSION

Water has been diverted from Lake Michigan at Chicago into the Mississippi
River Watershed since the completion of the lllinois and Michigan (I & M) Canal in
1848. At that time, the diversion averaged about 500 cubic feet per second (cfs). The
| & M Canal was built primarily to serve transportation needs by providing a connecting
watercourse between the Great Lakes and the Mississippi River system.

With the development of the Chicago metropolitan area, sewer and drainage
improvements led to severe sanitation problems in the mid to late 1800's. The newly
constructed sewers moved water and wastes into the Chicago River, which until 1900
drained to Lake Michigan. The water quality of Lake Michigan deteriorated and
contaminated the city's primary water supply.

A second problem that occurred during this time period was an increase in the
overbank flooding within the city. As more roads were built and buildings constructed,
the sewer system was correspondingly expanded. The increase in impervious area



from the newly constructed roads and buildings increased the rate and volume of
stormwater runoff and resulted in increased flooding.

As a solution to the sanitation and fiooding problems, construction of the
Chicago Sanitary and Ship Canal (CSSC) was undertaken. Construction of the CSSC
allowed the flow direction of the Chicago River to be reversed (Figure 1). Construction
of the Chicago Sanitary and Ship Canal was completed in 1900 by the MWRDGC. The
CSSC followed the course of the older | & M Canal. The CSSC is much larger than the
| & M canal and can handle the Chicago River flow, as well as increased shipping. In
the 1930’s, the Chicago River Controlling Works (CRCW) was constructed at the mouth
of the Chicago River. The CRCW regulates the amount of Lake Michigan water
allowed to pass into the river and restricts river flooding from entering Lake Michigan.
The Lockport Lock and Dam controls the water level in the CSSC.

Between 1907 and 1910, the MWRDGC constructed a second canal called the
North Shore Channel. It extended from Lake Michigan at Wilmette in a southerly
direction 6.14 miles to the north branch of the Chicago River. The Wilmette Pumping
Station, also known as the Wilmette Controlling Works, regulates the amount of Lake
Michigan flow allowed down the channel through the use of one vertical lift gate.

Construction of a third canal, the Calumet Sag Channel, was completed in
1922. The canal connects Lake Michigan through the Grand Calumet River, to the
CSSC. The Calumet Sag Channel was constructed to carry sewage from South
Chicago, lllinois and East Chicago, Indiana. The Blue Island Lock and Dam controlled
flow through the canal. The O'Brien Lock and Dam, which replaced the Blue Island
Lock and Dam, was completed in 1967 and is located on the Calumet River. The
O’Brien Lock and Dam regulates the flow of Lake Michigan waters down the Calumet
Sag Channel. Figure 2 shows the affected watershed.
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SIGNIFICANT HYDROLOGIC EVENTS

During WY 1997, a total of 31.01 inches of precipitation fell at the National
Weather Service (NWS) O'Hare Weather Station. This recorded precipitation for WY
1997 is 13% less than the long term (1951-1990) average of 35.82 inches. The
recorded monthly rainfall data during WY 1997, and the deviation from long term
annual and monthly average precipitation, are tabulated in Table 1.

TABLE 1 WY 1997 MONTHLY AND ANNUAL PRECIPITATION (INCHES)
National Weather Service, O'Hare Weather Station

1951 - 1990 Awerage Percent of

Month Precipitation Precipitation Dewvation Awerage
Oct-96 232 241 -0.09 96%
Now-96 148 2.92 -1.44 51%
Dec-96 1.21 247 -1.26 49%
Jan97 1.38 1.53 -0.15 90%
Feb-97 5.56 1.36 420 409%
Mar-97 1.57 2.69 -1.12 58%
Apr-97 1.76 3.64 -1.88 48%
May-97 2.69 3.32 -0.63 81%
Jun97 3.81 3.78 0.03 101%
Jul-97 3.04 3.66 -0.62 83%
Aug-97 450 422 0.28 107%
Sep-97 1.69 3.82 -2.13 44%
Annual  31.01 35.82 -4 .81 87%

STATUS OF ACCOUNTING REPORTS

Lake Michigan diversion flow data is summarized in accounting reports prepared
on an annual basis as flows are certified. Since implementation of the modified
Supreme Court Decree of 1 December 1980 and before this report, the Corps of
Engineers has certified diversion flows for WY 1981 through WY 1995. The WY 1996
Lake Michigan Diversion Accounting Report is certified and included as appendix A of
this Water Year 1997 Annual Report. The State of lllinois diverted 3,108 cfs during WY
1996. This diversion is 92 cfs less than the 3,200 cfs 40 year average diversion
specified in the 1980 modified decree. Table 2 shows the accounting year, the certified
flows, the running average flows, and the cumulative deviation from the allowable
diversion of 3,200 cfs.



The running average diversion for the period WY 1981 through WY 1996 is
3,418 cfs, 218 cfs greater than the 3,200 cfs 40 year average diversion specified by the
modified decree. Also, the annual average diversion has exceeded the 3,680 cfs
annual limit three times, once more than the maximum number of times allowed in the
decree. Additionally, the absolute annual maximum of 3,840 cfs has been exceeded
during the WY93 accounting period. The cumulative deviation, the sum of the
differences between the annual average flows and 3,200 cfs, is -3,493 cfs-years. The
negative cumulative deviation indicates a cumulative flow deficit. The decree specifies
a maximum allowable deficit of 2,000 cfs- years over the first 39 years of the 40 year
averaging period.

Data collection and preparation, diversion computation, and report writing for the
WY 1996 accounting report was performed by the Corps. Data collection and
preparation for this report began in Fiscal Year (FY) 1997. Certification of the WY 1997
accounting report is scheduled for FY 2000.

TABLE 2 STATUS OF THE STATE OF ILLINOIS DIVERSION
Under the 1980 modified U.S. Supreme Court Decree

Accounting Certified Running Cumulative
Year Flow (cfs) Average (cfs) Deviation (cfs)
1981 3,106 3,106 94
1982 3,087 3,097 207
1983 3,613 3,269 -206
1984 3,432 3,310 -438
1985 3,472 3,342 -710
1986 3,751 3,410 -1,261
1987 3,774 3,462 -1,8356
1988 3,376 3,451 -2,011
1989 3,378 3,443 -2,189
1990 3,631 3,452 -2,520
1991 3,655 3,461 -2,875
1992 3,409 3,457 -3,084
1993 3,841 3,487 -3,725
1994 3,064 3,456 -3,589
1995 3,197 3,439 -3,5686
1996 3,108 3,418 -3,493

SOURCES OF DIVERSION

The Lake Michigan diversion consists of three primary components. These
components are domestic pumpage from Lake Michigan used for water supply and not
retumed to Lake Michigan, stormwater runoff from the diverted Lake Michigan
watershed, and direct diversions through the three lakefront control structures.



Domestic pumpage from Lake Michigan is used for water supply and its effluent
is discharged to the canals by various Water Reclamation Plants (WRP's). Currently,
the WRP's that divert domestic pumpage from the lake either discharge to the canal
system or to the Des Plaines River and its tributaries. In the future as more
communities convert to Lake Michigan water supply, water supply effluent may also be
discharged to the Fox River. The Fox River is approximately 35 miles west of
downtown Chicago.

Stormwater runoff that previously drained to Lake Michigan through the Chicago
River and the Calumet River now drains to the Chicago Sanitary and Ship Canal
(CSSC) and the Calumet Sag Channel, respectively. The Calumet Sag Channel drains
to the CSSC, and the CSSC ultimately drains into the lllinois River and the Mississippi
River. The drainage area of the diverted Lake Michigan watershed is approximately
673 square miles.

Direct diversion locations are at the Chicago River Controlling Works (CRCW),
the O'Brien Lock and Dam, and the Wilmette Controlling Works. These controlling
structures are located downtown, at the south end, and at the north end of the Chicago
area, respectively.

The direct diversion consists of four components; lockage, discretionary flow,
navigation makeup flow, and leakage. The lockage component is the flow used in
locking vessels to and from the lake. The purpose of the discretionary diversion is to
dilute effluent from sewage discharges. When large storms are forecast, the canal is
drawn down before the storm to prevent flooding. If the runoff is not enough to refill the
canal, navigation makeup water is passed. The leakage component is water estimated
to pass, in an uncontrolled way, through or around the lakefront structures.

ACCOUNTING PROCEDURES

Diversion accounting uses both measured and estimated flows. A series of
hydrologic and hydraulic computer models use various meteorological data to simulate
flows not measured. These simulated flows as well as measured flows are used to
compute the diversion. Along with the diversion calculation, a number of water budgets
verify simulated flows and estimate the reliability of the computed diversion.

DIVERSION COMPUTATION

An acoustic velocity meter (AVM) was installed and has been operating at
Romeoville (five miles upstream of the Lockport Powerhouse and three miles upstream
of the Lockport Controlling Works) since 12 June 1984. The AVM directly measures
total flow through the canal above both the Powerhouse and the Controlling Works.
The overwhelming majority of the Lake Michigan diversion and some non-Lake
Michigan flows pass through the AVM. The diversion accounting procedure uses the
flow measured at Romeoville and deducts flows not accountable in the diversion.



Diversion flows which bypass Lockport are added to yield the net computed diversion of
water from Lake Michigan. This procedure represents the accounting technique as
required by the modified Supreme Court Decree.

The flow measured at Romeoville was approximately 102% of the annual
diversion during WY 1996. Approximately 92% of the diverted water was measured by
the AVM during WY 1996. This portion of the diversion measured at the AVM is being
reduced due to the influx of western suburbs using Lake Michigan water as their
primary domestic water supply source. Most of these new users of Lake Michigan
water do not discharge their sewage effluent to the canal system. As more
communities are added, more water will be discharged outside the canal system,
further lowering the percentage measured by the AVM.

Deductions from the Romeoville AVM flow include runoff from 217 square miles
of the Des Plaines River watershed discharged to the canal, groundwater supply
effluent and groundwater seepage into the Tunnel and Reservoir Plan (TARP) tunnels
discharged to the canal, and Indiana water supply discharged to the canal through the
Calumet River system and the Calumet Sag Channel (see figure 2 for locations). The
computer models of the Des Plaines watershed area estimate the runoff deduction.
The groundwater pumpage deductions are obtained directly from pumping records.
The Indiana water supply is computed from pumping records and a calculation to
determine the portion of the water supply draining west to the Calumet Sag Channel.

The additions for diversion flow that do not flow through Romeoville are primarily
Lake Michigan water supply pumpage effluent treated and released to the Des Plaines
River or its tributaries. This flow is obtained directly through pumping records of the
communities involved and accounts for approximately 8% of the diversion in WY 1996.
As more communities convert to Lake Michigan water supply, the percentage will
increase.

DIVERSION BUDGET CHECKS

Water budgets verify those flows not measured. Most of the budgets compare
simulated flows to recorded flows and these comparisons indicate the accuracy of the
diversion accounting. The four primary budgets are the budgets for the three major
Water Reclamation Plants (WRP's) that serve the area involved in diversion accounting
and the canal balance budget for the CSSC. The Upper Des Plaines pump station
budget will also become a significant budget after measurement problems are resolved.
The remaining budgets estimate runoff from stream gaged areas in the Lake Michigan
watershed or are budgets of non-simulated flows such as water supply pumpage. The
budgets were discussed in detail in the WY 1996 accounting report.



ACTIVITIES FOR FY 1997

The activities for FY 1997 centered on the WY 1995 diversion accounting
modeling and initiating the data collection and input activities for the WY 1996 analysis.
In addition, work began on the changes to the TNET files for the Calumet tunnel.
Christopher Burke Engineering, Ltd. was hired by the Corps to review the model to
ensure consistency with the as-built plans for the Calumet tunnel system and its
dropshafts. They were also tasked with updating the TNET model to account for the
new Calumet tunnel legs that went on-line during WY 1996. In-house, the Corps began
the change over from computing solar radiation data using O’Hare meteorologic data to
using the measured solar radiation data collected at Argonne National Labs. This
change was necessary due to a change in how O’Hare collected and reported its cloud
cover that occurred in February 1996. The changes to the TNET modeling and solar
radiation are detailed in the WY 1996 accounting report attached herein. The efforts
relating to the changes to the Calumet modeling and the computation of the solar
radiation were carried over into FY 1998 and FY 1999 and were a primary reason for
the delay in the release of the WY 1996 accounting report.

In addition to the activities listed above, ongoing work related to the potential
switch to lakefront accounting continued. This work included:

- The USGS work with the lakefront gages at the Chicago River Controlling
Works and O'Brien Lock and Dam.

- Ongoing mediation activities related to the Great Lakes Mediation
Committee that was initiated in December 1995 including technical support
and detailed analyses of long-term runoff and consumptive use values.

- The U.S. Water Conservation Laboratory detailed QA/QC analysis of three
pumping stations.

ACTIVITIES FOR FY 1998 — FY2000

The efforts in FY 1998 focused on completing the WY 1995 accounting report,
initiating the data input for the WY 1996 accounting report, and contracting efforts
related to establishing the Fourth Technical Committee. In addition the lakefront
activities listed above for FY 1997 continued in FY 1998.

The activities in FY 1999 focused on completing the WY 1996 accounting
report, coordination of activities related to the Fourth Technical Committee, and
ongoing mediation activities related to the Great Lakes Mediation Committee. In
addition the lakefront activities listed above for FY 1997 continued in FY 1989. A
contract was initiated for work on a detailed QA/QC of ten primary water supply
diverters in Chicago and five in the northern Chicago suburbs. The Corps also
completed a hydraulic analysis of various alternatives for Navigation Makeup
Reduction.

The efforts in FY 2000 will include initiation and completion of the WY 1997
accounting report. Lakefront accounting for WY 1997 will also be initiated in FY 2000.
Corps activities continue in support of the Great Lakes Mediation Committee including



technical support. The previously completed studies on long-term runoff and
consumptive use provided the technical basis of an agreement between the states to
potentially move the accounting process to the lakefront. The long-term runoff and
consumptive use studies have been released in draft form and will be finalized in FY
2000 and be included in a final format with the Water Year 1999 Annual Report
(release scheduled for early FY 2001). The Fourth Technical Committee will provide its
final report to the Corps during FY 2000 which will be included in the WY 1998 Annual
Report. In addition, activities related to the potential move to lakefront accounting have
continued in FY 1998 through FY 1999 and will continue through FY 2000. Finally, the
Corps and the State of lllinois are negotiating the agreement to execute a one-year
demonstration study to look at the impacts of a change to the existing Navigation
Makeup operations in an effort to reduce this component of diversion. The physical
study is slated for FY 2001 and will potentially lead to a change in the Code of Federal
Regulations.

ACCOUNTING REPORTS

The accounting report for WY 1995 was completed in FY 1998 and distributed
at the beginning of FY 1999. The accounting report for WY 1996 was completed in FY
2000 and the accounting report for WY 1997 will be completed in FY 2000. Thereafter,
additional accounting reports are expected to be completed in the second fiscal year
following the end of the water year for which the diversion is computed.

SUMMARY AND CONCLUSIONS

SUMMARY

The Lake Michigan Diversion Accounting procedure continues to evolve and
improve. Further improvements are being implemented. A comprehensive diversion
accounting manual is being completed during FY 2000 to include all the improvements.
This manual will be included in the WY 1998 Annual Report. Progress continues to be
made on the Lakefront Accounting activities.

CONCLUSIONS

The Lake Michigan Diversion Accounting Report for WY 1996 has been
completed as required by the Supreme Court Decree. The State of lllinois diverted
3,108 cfs during WY 1996. These flows are 92 cfs less than the 3,200 cfs limit
specified in the decree. The running average of the diversion for WY 1981 through WY
1996 is 3,418 cfs, or 218 cfs over the annual allocation. Also, the annual average
diversion has exceeded the 3,680 cfs annual limit three times, once more than the
maximum number of times allowed in the decree. Additionally, the absolute annual
maximum of 3,840 cfs has been exceeded during the WYS3 accounting period. The
cumulative deviation is now -3,493 cfs-years. The negative sign indicates a cumulative
flow deficit. The maximum allowable cumulative flow deficit specified in the decree is
2,000 cfs-years.
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APPENDIX A

LAKE MICHIGAN DIVERSION ACCOUNTING

WATER YEAR 1996 REPORT
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Executive Summary

In compliance with the 1867 U.S. Supreme Court decree as modified in 1880
(hereinafter, the Decree), the WY96 diversion was computed using the best current
engineering practice and scientific knowledge.

Given the complexity of the hydrologic cycle in the heavily urbanized Chicago
metropolitan area, and given the number of human and other factors that cannot be
adequately represented in numerical modeling procedures, the results of the
simulations which compute diversion flows worked exceptionally well.

The WYS6 diversion accountable to the State of lllinois is 3,108 cubic feet
per second (cfs). This flow is 92 cfs less than the 3,200 cfs average specified by
the Decree. The 40 year running average, rounded to the nearest cfs, beginning
with WY81 is 3,418 cfs and the cumulative deviation from the 3,200 cfs average is
-3,493 cfs-years. The negative cumulative deviation indicates a water allocation
deficit and the maximum deficit allowed by the Decree is 2,000 cfs-years.
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Introduction

The diversion of water from the Lake Michigan watershed is of major
importance to the Great Lakes states and to the Canadian province of Ontario. The
states and province that border the Great Lakes have concerns with both diversions
during periods of low lake levels, as well as the long term effects of diversion. To
insure that the concerns of these interested parties are considered, the U. S. Army
Corps of Engineers has been given the responsibility for the accounting of flow that
is diverted from the Lake Michigan watershed.

The Corps of Engineers, Chicago District, is responsible for monitoring the
measurements and the computation of the diversion of Lake Michigan water by the
State of lllinois. Prior to the WY83 report, the calculations were made for the lllinois
Department of Natural Resources - Office of Water Resources (IDNR-OWR),
formerly known as the lllinois Department of Transportation - Division of Water
Resources (IDOT-DWR), by the Metropolitan Water Reclamation District of Greater
Chicago (MWRDGC), formerly known as the Metropolitan Sanitary District of
Greater Chicago (MSDGC). The computations for Water Year 1983 (WY83), WY84
and WY8S5 (1 October 1982 through 30 September 1985) were performed by the
Northeastern lllinois Planning Commission (NIPC) for IDNR-OWR. The Corps
reviewed, modified, and updated the WY84 and WY8S5 diversion accounting
performed by NIPC. The computations for WY86 were performed jointly by NIPC
(under contract to the Corps of Engineers) and the Corps of Engineers.
Computations since then have been performed solely by the Corps of Engineers,
with the exception of WY91 and WYS2, which were performed jointly with
Christopher B. Burke Engineering, LTD. This report represents the final Lake
Michigan diversion accounting for WYS6.

Authority for Report

Under the provisions of the U.S. Supreme Court Decree in the Wisconsin, et.
al. v. lllinois et. al., 388 U.S. 426,87 S.Ct. 1774 (1967) as modified in 449 U.S. 48,
101 S.Ct. 557 (1980), the Chicago District of the Corps of Engineers is responsible
for monitoring the measurement and computation of diversion of Lake Michigan
water by the State of lllinois. The Water Resources Development Act of 1986
(Section 1142 of PL 99-662) gave the Corps total responsibility for the computation
of diversion flows as formerly done by the State of lllinois. The Corps' new mission
became effective on October 1, 1987.



History of the Diversion

Water has been diverted from Lake Michigan at Chicago into the Mississippi
River Watershed since the completion of the lllinois and Michigan (I & M) Canal in
1848. At that time, the diversion averaged about 500 cubic feet per second (cfs).
The | & M Canal was built primarily to serve transportation needs by providing a
connecting watercourse between the Great Lakes and the Mississippi River system.

With the development of the Chicago metropolitan area, sewer and drainage
improvements led to severe sanitation problems in the mid to late 1800's. The
newly constructed sewers moved water and wastes into the Chicago River, which
until 1900 drained to Lake Michigan. The water quality of Lake Michigan
deteriorated and contaminated the city's primary water supply.

A second problem that occurred during this time period was an increase in
the overbank flooding within the city. As more roads were built and buildings
constructed, the sewer system was correspondingly expanded. The increase in
impervious area from the newly constructed roads and buildings increased the rate
and volume of stormwater runoff and resulted in increased flooding.

As a solution to the sanitation and flooding problems, construction of the
Chicago Sanitary and Ship Canal (CSSC) was undertaken. Construction of the
CSSC allowed the flow direction of the Chicago River to be reversed (Figure 1).
Construction of the Chicago Sanitary and Ship Canal was completed in 1900 by the
MWRDGC. The CSSC followed the course of the older | & M Canal. The CSSC is
much larger than the | & M canal and can handle the Chicago River flow, as well as
increased shipping. In the 1930’s, the Chicago River Controlling Works (CRCW)
was constructed at the mouth of the Chicago River. The CRCW regulates the
amount of Lake Michigan water allowed to pass into the river and restricts river
flooding from entering Lake Michigan. The water levels in the CSSC are controlled
by the Lockport Lock and Dam.

Between 1907 and 1910, the MWRDGC constructed a second canal called
the North Shore Channel. It extended from Lake Michigan at Wilmette in a
southerly direction 6.14 miles to the north branch of the Chicago River. The
Wilmette Pumping Station, also known as the Wilmette Controlling Works, regulates
the amount of Lake Michigan flow allowed down the channel through the use of one
vertical lift gate.

Construction of a third canal, the Calumet Sag Channel, was completed in
1922. The canal connects Lake Michigan through the Grand Calumet River, to the
CSSC. The Calumet Sag Channel was constructed to carry sewage from South
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Chicago, lllinois and East Chicago, Indiana. Flow through the canal was controlled
by the Blue Island Lock and Dam. The O'Brien Lock and Dam, which replaced the
Blue Island Lock and Dam, was completed in 1967 and is located on the Calumet
River. The O'Brien Lock and Dam regulates the flow of Lake Michigan waters down
the Calumet Sag Channel. Figure 2 shows the affected watershed.

Background of Lake Michigan Diversion Accounting

The Decree specifies several limitations on the diversion of Lake Michigan
water by the State of lllinois. The Lake Michigan diversion accountable to lllinois is
limited to 3,200 cubic feet per second (cfs) over a forty (40) year averaging period.
During the forty (40) year period, the average diversion in any annual accounting
period may not exceed 3,680 cfs, except in two accounting periods due to extreme
hydrologic conditions in which the average diversion may not exceed 3,840 cfs.
During the first thirty nine (39) year period, the maximum allowable cumulative
difference between the calculated diversion and 3,200 cfs is 2,000 cfs-years. These
limits apply to the forty year period beginning with WY81.

Also required by the Decree, a three (3) member technical committee is
convened every five (5) years to evaluate the diversion accounting program to
ensure that the accounting is accomplished using the best current engineering
practice and scientific knowledge.

Prior to the 1983 accounting report, diversion accounting was done by the
MWRDGC in the form of monthly hydraulic reports. As required by the Decree, the
diversion was calculated by deducting non-diversion flows from the Lockport record
measured by MWRDGC and adding those diversion flows not discharging to the
CSSC. All of the deductible flows could not be measured, therefore MWRDGC
used flow records from gaged areas to obtain typical flow values. To estimate the
unmeasured deductible flows, the measured flow values were extrapolated to the
areas from which the deductible flows originated.

While the diversion accounting was still being performed by MWRDGC the
first technical committee was convened. The committee was primarily concerned
with the rating of the various components at the Lockport facility, the primary
diversion measurement location (Espey et. al., 1981). In response to the
Committee's concerns, the Corps' Waterways Experiment Station (WES) revised the
ratings of the two sets of Lockport sluice gates (Hart and McGee, 1985).
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In response to the Committee's concerns, the State of lllinois installed an
acoustic velocity meter (AVM) at Romeoville five (5) miles upstream of Lockport.
The AVM is a highly accurate flow measuring device that proved to provide better
flow measurements than the MWRDGC reported Lockport flows and the new Corps
rating curves. The AVM became operational 12 June 1984. However, USGS did
not publish the AVM flows until 1 October 1985. Because of significant equipment
problems with the original AVM, a replacement AVM was installed in November
1988.

Additionally, the State of lllinois contracted with NIPC to revise the diversion
accounting calculations. At the same time, the State of lllinois moved from monthly
hydraulic reports to annual accounting reports. NIPC adapted computer models of
the diverted Lake Michigan and the Des Plaines River watersheds previously
developed for studies in Northeastern lllinois under Section 208 of the Federal
Water Pollution Control Act Amendments of 1972 (PL 92-500), to calculate those
flows that could not be measured. Like MWRDGC, NIPC deducted non-diversion
flows from the Lockport record and added those flows not discharged to the canal to
calculate the Lake Michigan diversion. However, NIPC modeled both the gaged
and ungaged areas to calculate much of the deduction and addition flows. Then
computational budgets were developed around each of the gaged areas to verify
the models. The budgets aid in calibrating the models and verifying the
computational procedures. Due to the more rigorous approach and the verification
provided by the budgets, the procedure developed by NIPC was a significant
improvement over the previous approach.

The second technical committee reviewed the NIPC hydrologic and hydraulic
computer models and agreed that the approach was consistent with the
requirements of the decree (Espey et. al., 1987). However, the committee felt that
some of the parameters used in the models were out of date and in need of revision.
To address the committee's concerns, the Corps hired a consultant (Christopher B.
Burke Engineering, Ltd., (CBBEL)) in September of 1988 to review and update the
modeling parameters. The final report (CBBEL, 1930) concerning the updating of
modeling parameters was submitted to the Corps in October 1990.

The Water Resources Development Act of 1986 gave the Corps of Engineers
the full responsibility for computation of the lllinois Lake Michigan diversion as of
1 October 1987. When the Corps' new responsibility became effective, the WY84
diversion accounting report, developed by NIPC, had not been certified. As a
result, the Corps was responsible for conducting the WY84 and all subsequent
reports.
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NIPC completed the WY84 diversion accounting analysis in April 1987 and
the report was subsequently reviewed by the Corps. The Corps found the report to
be adequate with two exceptions. First, the accounting was completed with the
model parameters questioned by the second technical committee. Second, the
MWRDGC Lockport flows, which were adjusted using the WES rating curves, were
used rather than the AVM flows. The Corps, knowing that the modeling parameters
required updating and that AVM flows for the period prior to installation could be
calculated accurately using regression equations, refrained from certifying the
WY 84 report until these issues were resolved.

NIPC completed the WY8S5 diversion accounting report in December 1988
and the report was reviewed by the Corps. Like the WY84 report, the WY85
accounting was done with the modeling parameters questioned by the second
technical committee. Additionally, NIPC used the AVM flows published by the
USGS in their WY85 Water Resources Data for lllinois report. Since the publication
of the WY85 USGS report, more reliable regression equations have been
developed for calculating flows when the AVM was malfunctioning. These
equations provide flow estimates based on flow components at Lockport. The
equations are used to fill in missing records when the AVM malfunctions.

Over the years, various regression analyses have been performed to relate
the MWRDGC reported Lockport flows to the AVM flows. Several sets of equations
were proposed by the Corps of Engineers, the United States Geological Survey
(USGS), Harza Engineering Co., and the Second Technical Committee. The report,
Chicago Sanitary and Ship Canal at Romeoville Acoustical Velocity Meter Backup
System, was completed September 1989 (USACE, 1989). The report documents
the many efforts taken by various parties to develop useful regression equations.
The regression equations that were ultimately used to estimate missing AVM flows
from WY86 through WY396 were developed by the USGS in a report titled
Comparison, Analysis, and Estimation of Discharge Data from Two Acoustic Velocity
Meters on the Chicago Sanitary and Ship Canal at Romeoville, lllinois (USGS,
1994). This report is contained in the Lake Michigan Diversion Accounting WYS3
Annual Report.

Upon completion of the analysis of the modeling parameters by CBBEL, the
WY84 and WY8S5 diversion flows were recalculated using the revised modeling
parameters and the Romeoville AVM flows. The diversion flows were certified by
the Corps and transmitted to all interested parties in the Lake Michigan Diversion
Accounting 1989 Annual Report (USACE, 1990).

The computation of lllinois' diversion from Lake Michigan for WY86 was
undertaken as a joint effort between NIPC (under contract to the Corps) and the



Corps. The computation of lllinois' diversion from Lake Michigan for WY87 through
WY90 was performed solely by the Corps.

Prior to the publication of the WYS0 diversion accounting report, the third
technical committee reviewed diversion accounting procedures and efforts to meet
the recommendations of the first and second committees (Espey et. al., 1994). The
committee expressed general satisfaction with the procedures and efforts to meet
the recommendations of the previous committees. Emphasis was placed on the
need for data and model quality plans, detailed accounting procedures, and more
timely reports. Also recommended by the committee were detailed flow
measurements at the lakefront structures and at the Upper Des Plaines Pump
Station.

The WYS1 and WY92 diversion accounting was performed as a joint effort
between CBBEL (under contract to the Corps) and the Corps. The WY93, WY94,
WYS5 and WYS6 accounting was performed solely by the Corps.

The WY86 through WY88 Diversion Accounting Reports are contained in the
Lake Michigan Diversion Accounting Annual Report covering WY90 through WY92
(USACE, 1994). The WYS0 Diversion Accounting Reports are contained in the
Lake Michigan Diversion Accounting Water Year 1993 Annual Report (USACE,
1994). The WY91 and WY92 Diversion Accounting Reports are contained in the
LMDA Water Year 1994 Annual Report (USACE, 1996). The WY93 and WY94
Diversion Accounting Reports are contained in the Lake Michigan Diversion
Accounting Water Year 1995 Annual Report. The WY95 Diversion Accounting
Report is contained in the Lake Michigan Diversion Accounting Water Year 1996
Annual Report (USACE, 1998).

The primary revision implemented for the WYS0 diversion accounting was
the incorporation of the new 25-gage precipitation network into the runoff simulation
models. The 25-gage precipitation network replaces the previously used 13-gage
network. The new precipitation network has solved many of the problems
associated with the old network, such as poor exposure and distribution patterns.
The lllinois State Water Survey (ISWS) installed and maintains the precipitation
network for the Corps of Engineers. They also collect the data and adjust it if
necessary. A description of the new 25-gage precipitation network can be found in
the ISWS report titled Installation and Operation of a Dense Raingage Network to
Improve Precipitation Measurements for Lake Michigan Diversion Accounting: Water
Year 1990 (ISWS, 1991). That report is contained in the Lake Michigan Diversion
Accounting WYS3 Annual Report.

In addition to the introduction of the new 25-gage precipitation network were
the subsequent modifications to the hydrologic runoff models and hydraulic sewer
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routing models. These models were revised in order to reflect the changes in the
precipitation network and changes in land use and cover. Many of the model
changes were completed by Rust Environment and Infrastructure under contact with
the Corps. Their work culminated in a report titled Diversion Accounting Update for
the New 25-Gage Precipitation Network (Rust, 1993). That report is also contained
in the Lake Michigan Diversion Accounting WY93 Annual Report.

Rust's work involved reviewing and correcting map delineations of combined
sewer special contributing areas, delineating precipitation gage assigned areas for
the 25-gage network, land-use/land-cover delineation, modifying the hydraulic
sewer routing model to reflect the revised precipitation network and land cover
assignments, and assessing the model parameters used in the hydrologic runoff
model, Hydrologic Simulation Program - FORTRAN (HSPF).

The Corps modified the hydraulic sewer model, Special Contributing Area
Loading Program (SCALP), in the separate sewer areas in order to incorporate
changes in the precipitation network. These changes were also incorporated in the
WYS0 accounting. Since actual boundaries have not been mapped for those areas,
some assumptions as to the location of the separate sewer areas were made.
These assumptions were necessary since effective (instead of actual) areas are
used for separate sewer areas in the SCALP model. These assumptions will
continue until a further study can be accomplished that will reflect actual boundaries
for these separately sewered areas. These modifications were also incorporated
into accounting procedures beginning with the WYS0 accounting.

A study was also done by the Corps to improve the response of the HSPF
hydrologic runoff models. Input on parameter improvements were received from
NIPC and Rust. The study resulted in some minor parameter modifications to the
HSPF runoff model to correct for past inconsistencies and improve parameter
accuracy.

Beginning with the WY91 accounting all the computer models were revised to
read and write to the Data Storage System (DSS) database, the Corps’ standard
database. In 1993 Aqua Terra Consultants, under contract to the Corps, revised
the HSPF code to be compatible with the DSS database and in 1994 they provided
a new release of HSPF, version 11. Christopher B. Burke Engineering in 1995
revised all hydrologic and computational HSPF input files, as well as SCALP input
files to work in conjunction with the DSS database. The Corps revised the SCALP
code to also work in conjunction with this database.

Beginning with the WY92 accounting, flows in the Grand Calumet were
measured instead of estimated through regression equations. These flows are



critical in determining portions of the deductible water supply from Indiana
contained in Column 5 of the report.

There were three primary revisions to the accounting procedures beginning
with the WY393 accounting. The first revision involved a modification to the
procedure for estimating the deductible Indiana water supply pumpage contained in
the Grand Calumet River. This revision better accounts for the unique hydraulics of
this river. The second revision involved modeling modifications for a portion of the
Des Plaines TARP system that became operational in June 1993. These modeling
modifications impact the deductible runoff from the Des Plaines River watershed
contained in Column 6. The third revision to the accounting involved adjustments to
correct for double accounting for a portion of the runoff originating from the ungaged
Calumet watershed. This modification is reflected only in the results of Column 12,
Runoff from the Diverted Lake Michigan Watershed, and therefore has no effect on
the computed diversion.

Additional revisions to the accounting procedures were implemented in

WYS6. These revisions are detailed in this report in the section titied “WYS6
Revisions to Diversion Accounting Procedures”.

Diversion Accounting Procedures

The Lake Michigan diversion accountable to the State of lllinois is calculated
by using the AVM measured flow in the CSSC at Romeoville and deducting flows
that do not constitute Lake Michigan diversion and are not accountable to the State
of lllinois. Finally, additions are made to the Romeoville record for diversions that
are not discharged to the canal. The deductions include groundwater water supply
pumpage whose effluent is discharged to the canal, Lake Michigan water supply
pumpage from Indiana discharged to the canal, runoff from the Des Plaines River
watershed discharged to the canal, and water supply pumpage from Lake Michigan
used for Federal facilities discharged to the canal. The additions to the Romeoville
record include flows diverted from the canal upstream of Romeoville, and Lake
Michigan water supply whose effluent is not discharged to the canal. This
procedure represents the accounting method required by the Supreme Court
Decree.

The diversion accounting results are presented as a series of columns that
are listed in Table 1. Column 1 through Column 3 compute the total flow in the
CSSC. Column 4 through Column 7 presents the deductions from the canal system
flows with the total deduction being presented in Column 8. Column 9 presents the
additions to the canal system record. Column 10 is the computed Lake Michigan
diversion accountable to lllinois and is equal to the canal system flow minus the
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deductions plus the additions. Columns 11 through 13 are independent flow
estimates for the three sources of diversion: water supply pumpage from Lake
Michigan, runoff from the diverted Lake Michigan Watershed, and direct diversion
through the lakefront structures. Column 11 through Column 13 are not used in the
diversion calculation but are included as another estimate of the diversion for
verification of the accounting flows in Column 10. The sum of Columns 11 through
13 should theoretically equal the flow in Column 10 with one exception. The flows
in Column 11 do not account for consumptive losses.

In addition to the diversion calculations presented in the 13 columns, 14
computational budgets are prepared as input to the diversion calculation and to
verify the estimated flows that cannot be measured. A summary of these budgets is
presented in Table 2. Budgets 1 and 2 do not compare simulated to measured
flows but are summations of critical water supply pumpage data. Budget 3 through
Budget 6 partition stream gage records into runoff and sanitary/industrial discharge
components to estimate a portion of the runoff from the diverted watershed that is
used as input to Column 12, Runoff from the Diverted Lake Michigan Watershed.
Budget 7 through Budget 13 compare simulated to measured flows at MWRDGC
facilities. These budgets simulate all the deductible Des Plaines River Watershed
contained in Column 6 and the deductible groundwater seepage into TARP
contained in Column 4. These budgets also are used for verification of the
diversion accounting procedures and give an indication of the accuracy of the
diversion accounting models. Budget 14 compares canal system inflows and
outflows. It is used primarily as a verification of modeling results as well as an
indicator of the accuracy and completeness of measured/reported flows.

11



Table 1
Description of the Diversion Accounting Columns

Column | Description

1 Chicago Sanitary and Ship Canal (CSSC) at Romeoville AVM Gage
Record

2 Diversion from the CSSC above the Romeoville AVM Gage

3 Total Flow Through the CSSC

4 Groundwater Pumpage Discharged into the CSSC and Adjoining Channels

5 Water Supply Pumpage from Indiana Reaching the CSSC

6 Runoff from the Des Plaines River Watershed which Reaches the CSSC

7 Lake Michigan Pumpage by Federal Facilities which Discharge to the
CSSC and Adjoining Channels

8 Total Deduction from the CSSC Romeoville AVM Gage Record

9 Lake Michigan Pumpage Which is not Discharged into the CSSC

10 Total Diversion Accountable to the State of lllinois

11 Pumpage from Lake Michigan Which is Accountable to the State of lllinois

12 Runoff from the Diverted Lake Michigan Watershed

13 Direct Diversions Through Lakefront Control Structures Accountable to the

State of lllinois
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Table 2

Description of the Diversion Accounting Computational Budgets

Budget

Number | Title Description

1 Diverted Lake This budget sums the Lake Michigan water diverted by the State of lllinois in the
Michigan Pumpage | form of Industrial and Municipal water supply. The results of this budget are

used in Column 11.

2 Groundwater This budget sums groundwater pumpages that are discharged to the CSSC.
Discharged to the The results of this budget are used in Column 4.

CSSC

3 North Branch This budget performs a simple separation of stream flow into sanitary and runoff
Chicago River at portions. The results of this budget are used in Budget 14 and Column 12.

Niles, IL

4 Little Calumet This budget performs a simple separation of stream flow into sanitary and runoff
River at the IL-IN portions. The results of this budget are used in Budget 14 and Column 12.

State Line

5 Thorn Creek at This budget performs a simple separation of stream flow into sanitary and runoff
Thornton, IL portions. The results of this budget are used in Budget 14 and Column 12.

6 Little Calumet This budget performs a simple separation of stream flow into sanitary and runoff
River at South portions. The results of this budget are used in Budget 14 and Column 12.
Holland, IL

7 MWRDGC This budget performs hydrologic and hydraulic simulation of the service basin
Northside Water tributary to the MWRDGC Northside Water Reclamation Facility. The
Reclamation Plant | simulations estimates the runoff from portions of the Lake Michigan and Des

Plaines River watersheds within the Northside service basin that is diverted to
the CSSC in the form of inflow-infiltration. ‘The budget provides an internal
verification of the accounting procedures. The results of this budget are used in
Budget 14 and Columns 6 and 12.

8 Upper Des Plaines | This budget performs hydrologic and hydraulic simulation of the MWRDGC
Pumping Station Upper Des Plaines Pumping Station. This budget provides a calibration point to

verify models of the Des Plaines River watershed

9 MWRDGC This budget performs hydrologic and hydraulic simulation of the MWRDGC
Mainstream TARP | Mainstream TARP Pumping Station. The results of this simulation are used in
Pumping Station Budgets 10 and 14 and Columns 6 and 12. The budget also provides internal

verification of the accounting procedures.

10 MWRDGC This budget performs hydrologic and hydraulic simulation of the service basin
Stickney Water tributary to the MWRDGC Stickney Water Reclamation Facility. The simulations
Reclamation estimates the runoff from portions of the Lake Michigan and Des Plaines River
Facility watersheds within the Stickney service basin that is diverted to the CSSC in the

form of inflow-infiltration. The budget provides an internal verification of the
accounting procedures. The results of this budget are used in Budget 14 and
Columns 6 and 12.

11 MWRDGC This budget performs hydrologic and hydraulic simulation of the MWRDGC
Calumet TARP Calumet TARP Pumping Station. The results of this simulation are used in
Pumping Station Budgets 12 and 14 and Columns 6 and 12. The budget also provides internal

verification of the accounting procedures.

12 MWRDGC This budget performs hydrologic and hydraulic simulation of the service basin
Calumet Water tributary to the MWRDGC Calumet Water Reclamation Facility. The simulations
Reclamation estimates the runoff from portions of the Lake Michigan and Des Plaines River
Facility watersheds within the Calumet service basin that is diverted to the CSSC in the

form of inflow-infiltration. The budget provides an internal verification of the
accounting procedures. The results of this budget are used in Budget 14 and
Columns 6 and 12.

13 MWRDGC Lemont | This budget performs hydrologic and hydraulic simulation of the service basin
Water Reclamation | tributary to the MWRDGC Lemont Water Reclamation Facility. The simulations
Facility estimates the runoff from portions of the Des Plaines River watershed within the

Lemont service basin that is diverted to the CSSC in the form of
inflow-infiltration. The budget provides an internal verification of the accounting
procedures. The results of this budget are used in Budget 14 and Column 6.

14 Chicago Canal This budget performs a water balance of the Chicago Canal System which

System includes the CSSC and adjoining channels. This budget provides a verification

point for the accounting procedures.
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WY96 Revisions to Diversion Accounting Procedures

Four revisions were made to the diversion accounting procedures for WYS6.

First, a switch to using Argonne National Lab’s direct solar radiation values was
made because O’'Hare Airport changed the way it reported cloud cover. A second
revision was the improvement of the snowmelt computation by incorporating the
newly available 3-hour meteorologic data at O'Hare Airport. Previously snowmelt
was computed using daily values. Thirdly, the Calumet TARP model was updated
to include new tunnel legs which went on-line during WYS6. Finally, University of
Chicago air temperature data is no longer used as input to HSPF due to the fact
that records are no longer kept at the site.

The use of direct solar radiation at Argonne instead of using meteorologic
data at O’Hare to calculate solar radiation was necessary due to a change in the
reporting of cloud cover at O'Hare. Solar radiation data is used in the calculation of
potential evapotranspiration (PET) along with the simulation of snowmelt. The
cloud cover at O’Hare Airport historically had been reported based on manual
observations using a single value to capture the “dawn-to-dusk” cloud cover.
Beginning in WY96, the reporting of cloud cover changed to 3-hour ASOS
(Automated Surface Observations System) readings reported on the climatological
data sheets. In addition, the values reported were changed from a numeric value
ranging from 1 to 10 to a written descriptor of the cloud cover condition. Because of
the change to 3-hour ASOS reporting, the O’Hare Airport cloud cover data was not
directly importable into the existing HSPF routines for calculating solar radiation.
instead, Argonne’s direct measurements of daily solar radiation were used in the
computation of PET. Argonne has an Eppley pyranometer which directly measures
solar radiation. These measurements, along with other meteorologic data, are
posted on the Argonne National Labs internet site and are downloaded for use in
diversion accounting. Missing Argonne hourly solar radiation data was filled in
using a correlation with available St. Charles direct solar radiation data. PET is
computed on a daily basis using daily Argonne solar radiation, daily O’Hare Airport
dew point, daily O'Hare Airport wind run values and daily maximum and minimum
temperatures at O’Hare Airport. The daily PET value is then distributed into an
hourly PET value using the previously established HSPF routine.

The snowmelt computation was improved in WYS6 by incorporating hourly
data. Previously snowmeit was computed using daily values from O’'Hare Airport.
In WYS6 the O’Hare Airport climatological data sheets began to report 3-hour
values for dew point, wind, temperature and cloud cover — which were previously
reported only on a daily basis. This 3-hour data was transformed into hourly data
(by direct interpolation) for use in improving the snow melt computations. In
addition, the hourly solar radiation values, directly measured at Argonne Labs as
discussed above, were also used in the computation of snowmelt.
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The Calumet TNET model was also changed to reflect updates that CBBEL
made under contract (CBBEL, 1999). These changes included tunnel geometry
(slope, inverts, diameters, lengths, roughness) as well as adding new tunnel
segments to account for tunnel reaches that have since been put in service. These
new tunnel reaches (Indiana Ave, 140™ St., and Markham) apparently were
connected during WY95, although the associated dropshafts were not operational.
For WYS6, the new tunnel reaches were incorporated for the whole water year. The
new dropshafts associated with the new tunnels were not activated in the TNET
model until April 1, 1996, the approximate date at which MWRD physically activated
them. In addition, information from MWRD indicated that many of the dropshafts
which were previously modeled as gated were truly ungated. Although some of the
dropshafts are ungated, there are orifice plates on most of them to restrict their flow,
but many of them are open all the time — just in a restricted fashion. These changes
were incorporated into the WY396 TNET model.

Finally, University of Chicago air temperature data is no longer used as input
to HSPF — this was also the case for the WYS5 accounting. This is due to the fact
that records are no longer kept at this site. Thiessen polygon areas for precipitation
gages that referenced University of Chicago air temperature in the hydrologic
(HSPF) modeling were revised such that the closest of the three remaining air
temperature gages (O’Hare Airport, Midway Airport and Park Forest) was used in
the modeling.
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Accounting Results

The WY96 diversion accounting monthly summary is presented in Table 4.
Table 4 shows the total WY96 Lake Michigan diversion accountable to the State of
Hlinois is 3,108 cfs (Column 10). This diversion is 92 cfs less than the 3,200 cfs
average specified by the Decree. The 40 year running average (Table 3), rounded
to the nearest cfs, beginning with WY81 is 3,418 cfs and the cumulative deviation
from the 3,200 cfs average is -3,493 cfs-years. The negative cumulative deviation
indicates a water allocation deficit. The maximum allowable deficit is 2,000
cfs-years. Tabular data on daily diversion flows is presented in Appendix A.

Table 3

Status of the State of lllinois' Diversion from Lake Michigan Under the 1980
Modified U.S. Supreme Court Decree

Certified | Running | Cumulative
Accounting Flow Average Deviation
Year (cfs) (cfs) (cfs-yrs)
1981 3,106 3,106 94
1982 3,087 3,097 207
1983 3,613 3,269 -206
1984 3,432 3,310 -438
1985 3,472 3,342 -710
1986 3,751 3,410 -1,261
1987 3,774 3,462 -1,835
1988 3,376 3,451 -2,011
1989 3,378 3,443 -2,189
1990 3,531 3,452 -2,520
1991 3,555 3,461 -2,875
1992 3,409 3,457 -3,084
1993 3,841 3,487 -3,725
1994 3,064 3,456 -3,589
1995 3,197 3,439 -3,586
1996 3,108 3,418 -3,493
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Discussions of Results

The following is a discussion of the column functions and computational
budgets. The discussion of the column functions describes the purpose of each
column, as well as some observations on the WY96 values in the columns. The
discussion of the computational budgets presents the purpose of each budget and
the results of the budget flow balances. The results of the computational budgets
are used in the diversion calculations where seven (7) budgets are used to verify
the diversion simulation models. The columns are discussed first, followed by the
discussion of the budgets.

Columns

The first ten (10) columns display the components of the diversion calculation
and include the Romeoville flow, as well as the various deductions and additions to
the Romeoville record. The final three (3) columns (Columns 11 through 13) display
the three (3) diversion components (Lake Michigan pumpage accountable to lllinois,
runoff from the diverted watershed, and direct diversion through the lakefront control
structures). The sum of Columns 11 through 13 should theoretically equal the
Romeoville based diversion calculation. A comparison of the sum of these three (3)
columns to the calculated diversion (Column 10) is presented in the discussion of
Column 11 through Column 13.

Column 1: Chicago Sanitary and Ship Canal (CSSC) at Romeoville, USGS AVM
Gage Record

The discharge at Romeoville for WY96 was 3,162.4 cfs (based on an
average of WY96 daily flows). For the twenty-four (24) days when the AVM was
inoperable, the flow at the Romeoville site was calculated from the USGS
regression equations.

Column 2: Diversions from the CSSC Above the Gage

Argonne Laboratories and Citgo Petroleum Corporation were the only
diversions from the CSSC upstream of the Romeoville gage in WY96. The average
withdrawal upstream of the AVM for WY96 was 2.1 cfs.

Column 3: Total Flow Through the CSSC

Column 3 is the sum of Column 1 and Column 2 and represents the total flow
entering the canal system. The average CSSC flow was 3,164.5 cfs for WYS6.
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Column 4: Groundwater Discharged to the CSSC And Adjoining Channels

Column 4 is groundwater pumpage by communities, industrial users and
other private users whose effluent is discharged to the CSSC. The groundwater
pumpage data is reported by the lllinois State Water Survey (ISWS). It also
includes the groundwater seepage into the TARP systems discharged to the CSSC.
This quantity is determined by summing all reported groundwater pumpages
tributary to the CSSC, along with the estimated groundwater seepage into the
Mainstream and Des Plaines TARP (Budget 9) and Calumet TARP (Budget 11)
systems. This total is then adjusted by subtracting the portion of groundwater
present in the combined sewer overflows (CSO’s) discharged to the Des Plaines
River and other watercourses not tributary to the CSSC. This groundwater would
normally have been discharged to the canal via treated sewage effluent had a CSO
event not occurred. This method prevents double accounting of the combined
sewer overflow portion of the groundwater supply pumpage.

Using ISWS groundwater records, groundwater pumpages were assumed to
reach the CSSC and adjoining channels if they were located in the diverted Lake
Michigan watershed in lllinois or if they were located within MWRDGC Water
Reclamation Plant (WRP) service boundaries which discharged into the CSSC and
adjoining channels. Groundwater seepage into the Mainstream and Des Plaines
TARP systems and the Calumet TARP system was determined through simulation
and is discussed in Budgets 9 and 11. The groundwater constituent of CSO’s is
determined entirely thorough simulation.

According to the Supreme Court Decree of 1967, groundwater pumpage from
the Lake Michigan watershed whose effluent is discharged to the CSSC is a
deduction, except to the extent that these groundwater sources are supplied by
infiltration from Lake Michigan. Current piezometric levels indicate that
groundwater is discharging to the lake, therefore, groundwater pumpage from within
the Lake Michigan watershed that reaches the canal continues to be a deduction.
Research literature will be reviewed periodically to verify this assumption, and to
identify any changes that would indicate that Lake Michigan is recharging
groundwater sources as a result of groundwater pumping.

Column 4 represents a deduction from the Romeoville record and averaged
96.1 cfs. This flow is an increase of 3.8 cfs from WY95. Groundwater pumpage
tributary to the canal is composed of 21.1 cfs of groundwater pumpage from the
Lake Michigan watershed, 16.1 cfs of groundwater pumpage from outside of the
Lake Michigan watershed, 49.5 cfs of groundwater seepage into the Mainstream
and Des Plaines TARP systems, and 9.5 cfs of groundwater seepage into the
Calumet TARP system. The total of these components is 96.1 cfs, which equals the
deduction from the Romeoville gage record. In most years, a small portion of this
groundwater supply pumpage (normally tributary to CSSC) is determined, through
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simulation, to be discharged to the Des Plaines River and other watercourses not
tributary to the CSSC in the form of CSO’s. The groundwater portion of these
CSO'’s are then subtracted from the groundwater deduction of Column 4.

Column 5: Water Supply Pumpage from Indiana Reaching the CSSC

Column 5 represents the computation of Indiana water supply reaching the
canal through the Grand Calumet and the Littie Calumet Rivers. In the case of the
Little Calumet River, a drainage divide exists east of the confluence with Hart Ditch.
Therefore, flows from Hart Ditch, including virtually all dry weather flows, normally
flow westward into lllinois. Under high flow conditions, the drainage divide may shift
westward and a portion of the Hart Ditch flows may be diverted eastward to Burns
Ditch and ultimately to Lake Michigan. However, it is believed that the occurrence
in the shift in the drainage divide is infrequent and the flow that is diverted eastward
is insignificant. Therefore, it is assumed that all effluent discharged into Hart Ditch
and the Little Calumet River west of the divide flows westward. For WYS6, total flow
in the Little Calumet River was 86.3 cfs with 6.7 cfs of that flow determined to be
Indiana water supply.

The Grand Calumet River has a summit. On one side of the summit the flow
is toward Lake Michigan, on the other side of the side of the summit the flow is
toward the Calumet Sag Channel which flows into the CSSC. However, the location
of the summit is variable and highly influenced by Lake Michigan levels (USGS,
1984). Thus the calculation of this deduction from the Romeoville record is also
influenced by Lake Michigan levels. Beginning with the WY92 accounting, Grand
Calumet River flow was measured by a gage that was installed in 1991 that began
officially measuring flows on 1 October 1991.

Flow in the Grand Calumet River contains a very high proportion of treatment
plant discharge. Through WY92, the flow in the Grand Calumet River attributed to
Indiana water supply pumpage was set to the sum of water supply for East Chicago,
Whiting, and Hammond (whose pumpage includes water supply for Munster,
Highland and Griffith). This method is an oversimplification of the actual conditions.
Chicago District developed a reconnaissance level, unsteady state model of the
river for the United States Environmental Protection Agency (US EPA). From this
model, relationships were developed to proportion the treatment plant discharge
into the flow to the CSSC and Lake Michigan. The flow summit generally occurs at
the Hammond outfall or between the Hammond and East Chicago outfalls.
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The equations below determine the percentage of flow from each treatment plant
flowing west to the CSSC based on Lake Michigan water level:

For CCD <0.3ft
Flow = 0.45 *HW

For CCD>=0.3ftand CCD < 1.5t
Flow = (0.22 *CCD*- 0.15* CCD* + 0.06 * CCD + 0.45) * HW

ForCCD<=1.5ftfand CCD < 1.8 ft
Flow=HW + (CCD-1.5)/0.3*EC

For CCD > 1.8 ft
Flow=HW + EC

Where CCD is the lake level in feet (Chicago City Datum) measured at
Calumet Harbor, HW is the daily combined water supply pumpage by Hammond
and Whiting, and EC is the daily water supply pumpage by East Chicago.

The total Grand Calumet flow reaching lllinois in WY36 was measured as
36.3 cfs. Of that, 19.8 cfs was determined to be water supply pumpage. Therefore,
the total WY96 Indiana water supply deduction, including the fiow from the Littie
Calumet and Grand Calumet Rivers is 26.5 cfs. This flow is 8.0 cfs less than the
Indiana water supply deduction for WY95, which was 34.5 cfs.

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

The WYS6 average discharge of Des Plaines River watershed runoff
reaching the canal (Column 6) is 176.7 cfs. This deduction is determined almost
entirely through simulation. The runoff is composed of two elements, surface runoff
and subsurface runoff. Surface runoff that enters sewers is referred to as inflow,
while subsurface runoff is referred to as infiltration. The infiltration and inflow from
the Des Plaines River watershed discharged to water reclamation plants tributary to
the CSSC is 95.3 cfs, the infiltration and inflow reaching the canal through CSO'’s is
12.9 cfs and the runoff from the Lower Des Plaines and Summit Conduit areas is
68.4 cfs. The deduction is also influenced by the O'Hare basin flow transfer that
contributed 8.7 cfs of the 95.3 cfs of runoff to the water reclamation facilities during
WYS6. The deductible Des Plaines River watershed runoff increased 8.9 cfs from
WY95 to WYS6.
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Column 7: Lake Michigan Pumpage by Federal Facilities Which Discharge to the
CSSC

Column 7 represents Lake Michigan diversions for Federal use, not
chargeable to the State of lllinois, and is typically comprised of water supply
pumpage used by federal facilities. Also included is emergency navigation makeup
water used for federal purposes. Column 7 represents a deduction from the
Romeoville record and the total amount of the WY96 deduction is 7.6 cfs.

Column 8: Total Deductions from the CSSC Romeoville Gage Record

Column 8 is the sum of Columns 4, 5, 6, and 7 and represents the total
deduction from the Romeoville record. The total deduction for WY396 is 306.9 cfs.

Column 9: Lake Michigan Pumpage Not Discharged to the CSSC

This column represents water supply pumpage from Lake Michigan that is
not discharged to the canal. The water supply pumpage not discharged to the canal
is composed of two components:

¢ Lake Michigan water supply used by communities serviced by water
reclamation facilities that do not discharge to the CSSC (249.2 cfs). This
flow decreased 5.3 cfs from WYS5.

¢ The Lake Michigan domestic water supply portion of CSO’s bypassing the
AVM from areas whose water reclamation facility discharge to the CSSC or
its tributaries (0.7 cfs).

The communities that make up the flow in the first component are suburbs
whose treated effluent is discharged to the Des Plaines River and other
watercourses not tributary to the CSSC. The water supply agencies or communities
are:

¢ Northwest Suburban Joint Action Water Agency (NWJAWA) - Member
communities include Elk Grove Village, Hanover Park, Hoffman Estates, Mount
Prospect, Rolling Meadows, Schaumburg and Streamwood.

¢ Northwest Water Commission - Member communities include Arlington Heights,
Buffalo Grove, Palatine, Prospect Heights and Wheeling.

¢ Central Lake County Joint Action Water Agency (CLCJAWA) - Member
communities include Grayslake, Gurnee, Lake County Public Works Department
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(Vernon Hills and Wildwood-Gages Lake), Libertyville, Mundelein, Round Lake,
Round Lake Park and Round Lake Beach.

e Lake County Public Water District - Member communities include lllinois Beach
State Park, Winthrop Harbor and Zion.

e Du Page Water Commission - Member communities include Addison,
Bensenville, Bloomingdale, Carol Stream, Citizen’s Utilities (Arrowhead, Country
Club Highlands, Lombard Heights and Valley View), Clarendon Hills, Darien,
Downers Grove, Elmhurst, Glen Ellyn, Glendale Heights, Hinsdale, Itasca, Lisle,
Lombard, Naperville, Oak Brook, Roselle, Villa Park, Westmont, Wheaton,
Willowbrook, Wood Dale, Woodridge, and the DuPage County Water Works
(Farmington, Glen Ellyn Heights, Hinsdale, Lake in the Woods, Rosewood
Trace, Steeple Run).

e Lincolnshire

¢ Riverwoods

¢ Waukegan

¢ Lake County - Bradley Road

The communities of North Chicago and Des Plaines are separated into the
percentage of each community that is not tributary to the Chicago River System.

¢ North Chicago - 76 percent
o Des Plaines - 38.2 percent

The communities of Lake Bluff and Knollwood-Roundout (who receive their
water from CLCJAWA) are not included in Column 9, as they discharge their
effluent into the Chicago River System.

It should also be noted that the Lake Michigan water supply component of
the O'Hare flow transfer is subtracted from the total Lake Michigan water supply of

the above communities since:

e The O'Hare flow transfer is treated at the Northside WRP which discharges
sanitary effluent that is tributary to the CSSC.

e The entire Lake Michigan water supply component of the O'Hare flow transfer is
from communities contained in the above list.
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The Lake Michigan water supply for these communities is measured, while the
sanitary portion of the CSQO's is derived through simulation. Column 9 represents
an addition to the Romeoville record and the total WY96 addition is 249.9 cfs. This
flow is a decrease of 5.3 cfs from WY95 to WY96.

Column 10: Total Diversion

Column 10 is equivalent to Column 3 with the subtraction of Column 8 and
the addition of Column 9. The total diversion for WY96 is 3,108 cfs. This amount is
92 cfs less than lllinois' long term diversion allocation of 3,200 cfs. The 40-year
running average diversion, rounded to the nearest cfs, beginning with WY81, is
3,418 cfs and the cumulative deviation from the 3,200 cfs allocation is -3,493 cfs.
The negative deviation indicates that the cumulative diversion is greater than an
average of 3,200 cfs for the period.

Column 11 Through Column 13: Lake Michigan Diversion Components

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

e Column 11 - Lake Michigan pumpage accountable to lllinois (1,782.0 cfs)
e Column 12 - Runoff from the diverted Lake Michigan watershed (882.0 cfs)
e Column 13 - Direct diversion through the lakefront structures (378.8 cfs)

Prior to WY93, a double accounting of runoff from the Calumet ungaged
watershed existed. The flow that was double accounted was the infiltration into the
separate sanitary sewers within the Calumet ungaged watershed. For a detailed
description of this double accounting refer to the Lake Michigan Diversion
Accounting Water Year 1990 report contained in the Water Year 1993 Annual
Report. This area is discussed in the section on ungaged watershed modeling
under the main section on areas for improvement. The correction in WY93 for this
double accounting was based solely on area proportioning from sewer maps.
Unfortunately, separately sewered SCAs in SCALP do not contain actual areas.
Therefore, the approximations that were made for tributary areas for the separate
sewers could not be cross-checked against the SCALP models for accuracy. The
infiltration into the separate sewers within the ungaged Calumet watershed was
ultimately subtracted from the computation of runoff from the Lake Michigan
watershed.

The sum of the columns (3,042.8 cfs) should theoretically equal the total
diversion as shown in Column 10 (3,107.5 cfs), with one exception. The Romeoville
record measures sewer effluent instead of water supply pumpage, while Column 11
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(Lake Michigan water supply pumpage accountable to lllinois) does not account for
consumptive use. This difference is consumptive loss, the water supply pumpage
that is consumed or lost prior to reaching the water reclamation facilities. This
consumptive loss is estimated as 10% of the water supply pumpage (International
Great Lake Diversion Consumptive Use Study Board, 1981).

Because the diversion estimate from Columns 11 - 13 is based on simulation,
suspect ratings of the lakefront structures (which underestimate leakage), and
simple flow separation techniques, the estimate is not expected to be as accurate
as the AVM based calculations. Consequently, a difference between estimates of
64.7 cfs or 2.1% is an excellent balance. However, this balance is largely due to
the consumptive losses included in Column 11 being offset by underestimated flows
in Column 13. The discrepancy between Column 10 and the sum of Columns 11,
12, and 13 is related to the canal system balance in Budget 14. This budget is
discussed in a subsequent section, and potential sources of the discrepancy are
addressed in that discussion.

Using the figures from these three (3) columns, 58.6% of the WYS6 lllinois
diversion is attributable to pumpage from Lake Michigan for domestic water supply,
runoff from the diverted Lake Michigan Watershed accounted for 29.0% of the
diversion, and direct diversion through the lakefront structures accounted for 12.4%
of the diversion. Water supply from Lake Michigan decreased 45.8 cfs from WYS5
to WYS6. Due to increased rainfall between WY95 and WY96, the runoff from the
Lake Michigan watershed increased 84.4 cfs between WY95 and WY396. Direct
diversions decreased 101.3 cfs between WY95 and WY96. A more detailed
breakdown of these percentages is shown in Table 5§ and Figure 3.

Table 5

Components of the Diversion by the State of lllinois
Based on Columns 11 Through 13

Average {Percentage of

Description Flow (cfs) Total Flow
Lake Michigan Pumpage by the State of lllinois 1,782.0 58.6%
Runoff from Diverted Lake Michigan W atershed 882.0 29.0%
Total Direct Diversions 378.8 12.4%
Breakdown of Direct Diversions
Lockages 100.3 3.3%
Leakages 34.8 1.1%
Navigation Makeup Flow 16.1 0.5%
Discretionary Flow 227.5 7.5%

- Total Backflow for WY96 was -6.43 cfs (notincluded in the values above)
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Figure 3 Component Breakdown of lllinois’ Diversion Based Upon Columns 11
through 13
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Budgets

The first two (2) budgets are used to sum the diverted water supply. The
next four (4) budgets are of stream gage sites that are not simulated and are used
as part of the calculation of the runoff from the diverted Lake Michigan watershed.
The next seven (7) budgets compare measured and simulated flows and compute
Column inputs used in the diversion computations. The final budget is a canal
balance of total inflows and outflows. These fourteen budgets are listed in Table 2.

Budget 1 and Budget 2: Water Supply Pumpage

Budgets 1 and 2 are summations of critical water supply pumpage data.
Budget 1 sums Lake Michigan water supply diverted by the State of lllinois. The
Lake Michigan water supply data is supplied by the state as daily values for primary
users and monthly data for secondary users. Budget 2 sums groundwater
pumpages in the Lake Michigan and Des Plaines River watersheds that are diverted
to the CSSC. Groundwater pumpage data is recorded by the ISWS as a total
annual withdrawal based on calendar years.

Budget 1: Diverted Lake Michigan Water Supply

Budget 1 represents the summation of Lake Michigan pumpage accountable
to the State of lllinois. This budget is a duplication of Column 11. For WYS6, the
average annual Lake Michigan pumpage accountable to lllinois is 1,782.0 cfs. This
flow is a decrease of 45.8 cfs from WY395.

Budget 2. Groundwater Diverted to the CSSC

Budget 2 is groundwater water supply pumpage by communities, industrial
users, and other private users whose effluent is discharged to the canal. The
contents of this budget are also contained in Column 4. The groundwater pumpage
data are reported by the ISWS on a calendar year basis. The groundwater quantity
is determined by summing all reported groundwater sources in the area tributary to
the CSSC, less groundwater not discharged to the CSSC in the form of CSO’s.

Using the ISWS groundwater records, groundwater pumpages were assumed
to reach the CSSC and adjoining channels if they were located in the diverted Lake
Michigan watershed in lllinois, or if they were located within MWRDGC service
boundaries in which their effluent was discharged into the CSSC and adjoining
channels.

The total groundwater pumpage by communities, industrial users, and other
private users whose sanitary effluent is tributary to the canal is 37.2 cfs for WY96.
Simulation determined that all of this flow reached the canal. In most years a small
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portion of the groundwater normally tributary to the CSSC is discharged to the Des
Plaines River or other watercourses not tributary to the canal in the form of CSO'’s.

The total groundwater pumpage reaching the canal represents an increase of 2.5
cfs from WY95 to WYS96.

In addition to groundwater supply pumpage, there was also a significant
amount of groundwater infiltration into the two TARP systems that ultimately
reached the canal. Mainstream TARP and Calumet TARP accounted for 49.5 cfs
and 9.5 cfs, respectively, of groundwater discharged to the canal during WYS6.

Budgets 3 Through Budget 6: Stream Gaging Stations

The stream gage budgets are used to make estimates of runoff from portions
of the diverted Lake Michigan watershed. Sanitary and other point source flows are
subtracted from the stream gaging record to develop the runoff estimates. The
runoff estimates are used in Column 12. The flows at the stream gaging sites are
also part of Budget 14, the canal system budget.

Table 6 presents the estimated runoff from these budgets. Note that Budgets
4 and 5 contribute flows to Budget 6 in that they are upstream of, or tributary to, the
Little Calumet River at South Holland. Also note that the Little Calumet River is a
losing stream (i.e. it recharges groundwater). The computations in deriving runoff
account for this when recharge is significant (i.e., when groundwater recharge is
computed). The streamflow in Budget 6 is the total flow at the gage, while the runoff
is an incremental volume that occurs downstream of both the Little Calumet River at
the State Line and Thorn Creek at Thornton.

Table 6

Stream Gage Flow Separation

Stream | Sanitary
Budget Flow Flow Runoff
Number Location (cfs) (cfs) (cfs)
3 North Branch Chicago River at Niles, IL 128.7 19.0( 109.7
4 Little Calumet River at IL-IN State Line 86.3 59 80.4
5 Thorn Creek at Thornton, IL 123.3 18.9| 104.4
6 Little Calumet River at South Holland, IL 209.8 12.5
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Budgets 7 Through Budget 13: MWRDGC Water Reclamation Facilities

The budgets for the water reclamation plants compare the simulated flows to
the measured inflows at the MWRDGC facilities and perform verifications of the
diversion accounting program. The simulated flows were developed from an
estimated sanitary flow with a daily, weekly, and monthly flow variation, from
hydrologic precipitation-based runoff models, and from hydraulic sewer routing
models. The estimated sanitary flow input to the hydraulic simulation models is
based on the population estimates for each plant's service basin. Per capita
sanitary flows are determined based on the service basin's water supply minus an
assumed 10% consumptive loss (International Great Lakes Diversion Consumptive
Use Study Board, 1981). Simulated flows were compared with recorded inflows at
each facility to assess the accuracy of the simulations. The discussion of the
budgets will concentrate on the results of each individual simulation as the
development of these models have been discussed in previous reports.

Budget 7: Northside Water Reclamation Facility

Budget 7 analyzes the water balance at the MWRDGC Northside Water
Reclamation Facility (Figure 4). The balance for WY36 of the inflow to the
Northside facility is excellent. The simulated to adjusted recorded inflow ratio (S/R)
for the Northside WRP is 0.96, indicating that the simulated inflow volume is slightly
less than the adjusted observed inflow volume. The coefficient of correlation (R) of
simulated to observed flow is 0.86, indicating that the model predicted the inflow
hydrograph to the Northside facility well. Refer to table 7 for a statistical summary
of the simulation results.

Budget 8: Upper Des Plaines Pump Station

Budget 8 analyzes the water balance at Upper Des Plaines Pump Station
(UDPPS) (Figure 5). The pump station budget is used to verify simulated flows.
Although it has no direct impact on the diversion calculation, it is intended to be
used as a primary calibration point for the models that simulate the deductible runoff
from the Des Plaines watershed contained in Column 6. This will be possible only
after the existing measurement problems at that site are resolved. This has been
previously discussed in the WY90 diversion report. Since the records of the
UDPPS were not available from the MWRDGC, a comparison of the simulated with
the recorded flows was not possible for WY96.

While the statistical comparisons of simulated and recorded flows at the UDPPS are
routinely conducted, there exists a need to investigate alternative flow
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measurement techniques. This site has continued to experience its share of
problems. Normally, a large number of days of records are unavailable due to
meter malfunctions, problems with the recording charts which make data
transformation impossible, and various other reasons. Since all of the records for
WYS6 were unavailable, the quantitative analysis of the simulation was not
possible. Additionally, the accuracy of the flow meters at the pump station is
questionable and unmetered bypass flows are a frequent occurrence. Therefore,
total flow may not be measured in storm events and the recycling of flow is possible.
Further investigation of the accuracy of flow measurement at the pump station is
required to verify and calibrate the simulation models that compute the deductible
runoff from the Des Plaines watershed contained in Column 6.

Budget 9: Mainstream and Des Plaines TARP Pumping Stations

Beginning 6 June 1993 the south and middle legs of the Des Plaines TARP
system became operational. Consequently, these tunnels were added to the
modeling of the TARP system for WY93. The Des Plaines tunnel system, like that
of the Mainstream TARP system, flows by gravity to the West Southwest Water
Reclamation facility in Stickney. Flows are pumped from the Des Plaines tunnel to
the West Southwest plant using pumps independent of those used for the
Mainstream tunnels. The Des Plaines system, like the Mainstream system, is
modeled with independent index drop shafts which set the opening and closing
sequence of various control structures along the tunnel system. The opening and
closing sequences are based on water surface elevations at the index drop shafts.
Water surface elevation trigger points are set at the downstream pumping station.
These points tell the model when to turn the pumps on or off.

Budget 9 analyzes the water budget at the MWRDGC Mainstream and Des
Plaines TARP Pumping Stations. The results of Budget 9 are used as a verification
point for simulated flows. Budget 9 also is used for the purpose of computing a
portion of Column 6 (Des Plaines River watershed runoff deduction). The
deductible portion of Budget 9 includes groundwater seepage into the TARP tunnel
walls and Des Plaines River watershed runoff captured by Mainstream and Des
Plaines TARP as overflows. The modeling of Mainstream and Des Plaines TARP is
performed using the Tunnel Network (TNET) dynamic hydraulic model. A simplified
map of Mainstream and Des Plaines TARP is contained in Figure 6. A more
in-depth description of Mainstream TARP and the simulation model is contained in
the Water Year 1986 report, which is an appendix to the Diversion Accounting
Annual Report for WY90-92 (USACE, 1994).

In analyzing the balance at the Mainstream and Des Plaines TARP Pumping
Stations, weekly flows were used rather than daily flows. While MWRDGC
maintains daily pumpage records, days with no pumpage occur frequently.
Therefore, it is not appropriate to compute a daily S/R ratio. Additionally,
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MWRDGC tends to pump from the tunnels at night, while the model simulates
pumpage based on water elevations at the downstream end of the tunnel.

The balance for WYS6 of the inflow to the Mainstream and Des Plaines
TARP Pumping Stations is good. The simulated to recorded flow ratio (S/R) for the
Mainstream and Des Plaines TARP Pumping Stations is 1.12, indicating that the
simulated inflow volume is greater than the recorded inflow volume. The coefficient
of correlation (R) of simulated to recorded flow is 0.73, which is significantly better
than the 0.51 correlation in WY95. However, there remains room for improvement
in the ability of the model to predict trends in the pump station flows. Table 7
presents a statistical summary of the simulations resuits.

From a review of the plot of the simulated versus recorded flow at the pump
station (Figure 7), it appears that the model responds similarly to the recorded
pumpage record. However, the model is sometimes out of phase with the observed
record. This could be the result of simulated pumpages occurring sooner and more
frequently than actual pumpages. The TNET model simulated pumpage that
normally turned on sooner and pumped more frequently in order to maintain
computational stability during a simulation.

In summary, it appears that the simulation of the Mainstream and Des
Plaines TARP systems is reasonable. However, there is concern regarding the
difference in simulated and recorded pumpage time series.

Budget 10: Stickney Water Reclamation Facility

Budget 10 analyzes the water balance at the MWRDGC Stickney Water
Reclamation Facility (Figure 8). Simulated Mainstream and Des Plaines TARP
pumpages from Budget 9 are no longer combined with simulated interceptor inflow
to the Stickney Water Reclamation Facility to derive the total simulated inflow to the
Stickney Facility. Instead, only simulated interceptor inflows are compared with
recorded interceptor inflows to assess the accuracy of the simulation. The decision
to not include TARP pumpages in the treatment plant budgets was based on the
fact that the TARP systems are already analyzed in separate budgets. Including
TARP pumpages in the treatment plant budgets is detrimental to the statistical
results of the treatment plant budgets, since the TARP models generally do not
respond as well. When simulations of interceptor flows are treated separately, the
response of the hydrologic runoff models (HSPF) and the hydraulic sewer routing
models (SCALP) can be better isolated and not diluted by the TARP model results,
which are analyzed separately on their own merits and contained in their own
budgets (Budgets 9 and 11).
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Overall, the balance for WY96 of the inflow to the Stickney facility is
excellent. The simulated to recorded flow ratio (S/R) for the Stickney plant is 1.00,
indicating that the simulated interceptor inflow volume is matching the recorded
interceptor inflow volume. The coefficient of correlation (R) of simulated to recorded
flow is 0.82, indicating that the model performed well in predicting the trends in the
interceptor inflow hydrographs to the Stickney facility. Refer to table 7 for a
statistical summary of the simulation resuits.

Budget 11: Calumet TARP Pumping Station

Budget 11 analyzes the water budget at the MWRDGC Calumet TARP
Pumping Station (Figure 8). The results of Budget 11 are used as a verification
point for simulated flows. The modeling of Calumet TARP is performed using the
Tunnel Network (TNET) dynamic hydraulic model. A simplified map of Calumet
TARP is contained in Figure 6. A more in-depth description of Calumet TARP and
the simulation model is contained in the Water Year 1987 report contained in the
Diversion Accounting Annual Report for WY30-92 (USACE, 1994). For WY96 the
Calumet TNET model was changed to incorporate additional tunnel segments that
went on line. Some modifications to the tunnel geometry (slope, inverts, diameters,
lengths, roughness) of existing reaches was also changed to reflect as-built
drawings. For WYS6, the new tunnel reaches (Indiana Ave, 140™ St., Markham)
were added and the dropshafts associated with the new tunnel were not activated in
the TNET model until April 1, 1996, the approximate date at which they were
physically activated by MWRDGC.

In analyzing the balance at the Calumet TARP Pumping Station, weekly flows
were used instead of daily flows. While MWRDGC maintain daily pumpage
records, days with no pumpage occur frequently. Additionally, MWRDGC tends to
pump at night, while the model pumps more frequently based on water elevations at
the downstream end of the tunnel. Therefore, it is not appropriate to compute a
daily S/R ratio.

The balance for WY96 of the inflow to the Calumet TARP Pumping Station is
fair. The simulated to recorded flow ratio (S/R) for the Calumet TARP Pumping
Station is 0.65 indicating that the simulated inflow volume is less than the recorded
inflow volume. The coefficient of correlation (R) of simulated to recorded flow is
0.42, indicating a need for improvement in the ability of the model to predict trends
of the recorded Calumet TARP pumpages. Table 7 contains a statistical summary
of the simulation resuits.

Volume matching between the simulated and recorded Calumet TARP
pumpages also was more difficult for WY96 as evidenced by the 0.65 S/R ratio.
Because of the instability of the TARP model, as well as uncertainties in the
Calumet TARP system, it was difficult to improve on this ratio. However, as the
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system is presently modeled, this does not impact the computed diversion, since all
Des Plaines River watershed areas whose overflows are modeled as tributary to
Calumet TARP are also modeled such that "non-captured" overflows flow to rivers
that are tributary to the CSSC. Therefore, whether or not these Des Plaines River
watershed runoff flows enter the tunnel or not, they are presently included in the
Des Plaines River watershed runoff deduction in Column 6. This assumption will
remain until separately sewered areas are modeled such that actual areas are used
instead of effective areas in the hydraulic models. This has been discussed in the
WYS0 diversion accounting report.

Budget 12: Calumet Water Reclamation Facility

Budget 12 analyzes the water balance at the MWRDGC Calumet Water
Reclamation Facility (Figure 10). Simulated Calumet TARP pumpages from Budget
11 are no longer combined with simulated interceptor inflows to the Calumet Water
Reclamation Facility to derive the total simulated inflow to the Calumet Facility.
Instead, only simulated interceptor inflows are compared with recorded inflows to
assess the accuracy of the simulation. This was revised for the same reasons as
outlined previously in the discussion for Budget 10.

The annual simulated to recorded flow ratio (S/R) and the coefficient of
correlation for the Calumet Water Reclamation Facility are considered excellent.
The S/R ratio is 1.02 indicating that the simulated Calumet interceptor flow volume
was slightly more than the recorded interceptor flow volume. The coefficient of
correlation was 0.91 indicating a very good correlation between simulated and
recorded interceptor flows. Refer to table 7 for a statistical summary of the
simulation results.

Budget 13: Lemont Water Reclamation Facility

Budget 13 analyzes the water balance at the MWRDGC Lemont Water
Reclamation Facility (Figure 11). Overall, the balance for WY396 of the inflow to the
Lemont facility is good. The simulated to recorded flow ratio (S/R) for the Lemont is
0.89, indicating that the simulated inflow volume was less than the recorded inflow
volume. The coefficient of correlation (R) of simulated to recorded flow is 0.82,
indicating that the model predicted the inflow hydrograph to the Lemont facility
reasonably well. Table 7 contains a statistical summary of the simulation results.

Aggregated Results of Four MWRDGC Water Reclamation Facilities

The aggregated simulated inflows (not including TARP) to the four modeled
MWRDGC water reclamation facilities are 1860.9 cfs while the measured inflows
are 1867.8 cfs. This results in an excellent aggregated S/R ratio of 0.996.
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Budget 14: CSSC System Balance

Budget 14 compares the inflows and outflows to the CSSC system (Figure
12). The inflow components include direct diversions through the lakefront
structures, stormwater runoff discharged to the canal system, and domestic water
supply whose effluent discharges to the canal system. The outflows from the canal
system include the discharge past the Romeoville AVM, backflows through the
lakefront structures and withdrawals upstream of Romeoville by Argonne National
labs and Citgo Petroleum Corporation. The individual components are presented in
Table 8 for WYS96.

Overall, the balance for WY396 between the inflows to the canal system and
the outflows from the canal system is excellent. The S/R (inflow/outflow) for the
canal system is 1.00, indicating that the inflow to the canal system matches the
outflow from the canal system. The average measured/simulated inflow was
3,180.1 cfs while the average measured/simulated outflow was 3,178.7 cfs. The
difference is 1.4 cfs (less than 0.1%) for WYS6, as compared to 4.5 cfs (0.1%) for
the previous water year, WY395. Refer to table 7 for a statistical summary of the
measured/simulated results.

The coefficient of correlation (R) of inflow to outflow is 0.85, indicating that
the time series trends of inflow to outflow are well correlated. The coefficient of
correlation is based on daily flows. Timing between inflows and measured outflows
at Romeoville is the major factor in the differences, especially during changes in
flow that occur at the beginning or end of a day. Also, part of the difference in the
correlation is the result of travel time from inflow locations downstream to the
Romeoville AVM site. Therefore, variability in the coefficient of correlation from
year to year may be attributed to the variability in the timing of significant flow
changes during a particular year.
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Table 8 - WY1996 Summary of Flow Components for the CSSC System Balance

Lake Controlling Structures (measured)
- Wilmette Controlling Works
- Chicago River Controlling Works
- O'Brien Lock and Dam
Streamflows (measured)
- North Branch Chicago River at Niles
- Little Calumet River at South Holland
- Grand Calumet River at Hohman Ave.
MWRDGC Water Reclamation Facilities (measured)
- Northside
- Stickney
- Calumet

- Calumet TARP Pumpage to River
- Lemont
Other Point Sources (measured)
Summit Conduit (simulated)

Combined Sewer Overflows (simulated)
Direct Runoff to CSSC (simulated)

)

Cal-Sag Flow Transferred to Calumet WRP as Steel Mill Blow-down
Lake Front Backflows

Argonne Laboratory

Citgo Petroleum Corporation

USGS AVM
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29.1

149.6

2001

128.

209.8

409.5

1,178.6

414.3

0.0

2.7

6.4

123

2189

182.9
3,180.1




Areas for Improvement

Impervious Model Estimates

During a review of the detailed Lake Michigan watershed runoff study
conducted by the Corps of Engineers during the Lake Michigan Diversion
Accounting mediations, it was determined that the hydraulic connectivity of the
impervious areas used in the rainfall-runoff modeling was not fully accounted for
when the models were revised for the WYS0 accounting. As a result, the models
appear to overestimate runoff. However, the treatment plant balances remained
very good after the model revisions. The most significant effect is in the simulated
overflows, which greatly increased after WYS0. A detailed study should be
conducted of the pervious and impervious percentages applied to the various land
use types used for the model and, if necessary, the hydraulically connected
impervious areas within the SCALP models should be adjusted for each SCA.

Tunnel and Reservoir Plan Models

The primary purpose of the TARP models is to accurately estimate deductible
components of the diversion such as the Des Plaines River watershed runoff and
groundwater infiltration through tunnel walls. Low flows, or dry weather flows, must
be modeled accurately so that groundwater infiltration into the two TARP systems is
properly modeled. These flows constitute a substantial deduction to the diversion
and are included in the deductible groundwater flows of Column 4. Therefore, the
estimates of simulated groundwater infiltration rates need to be updated periodically
to better match the simulated to the recorded dry-weather flows. Procedures for
updating simulated dry-weather flows are similar to those used for improving the
simulated groundwater infiltration rates for WY89 Calumet TARP as discussed in
the WY89 Accounting Report in the Lake Michigan Diversion Accounting Annual
Report for WY90-92.

In the Calumet system, some sanitary sewers are connected to TARP.
These sewers must be accurately accounted for in the modeling of groundwater
infiltration since they contribute to the baseflow, or dry weather, flow into TARP.
Currently, some uncertainty remains as to the connection of the separately sewered
areas. For accurate modeling of the Calumet TARP system, these connections
need to be verified and adjusted if necessary.

Due to model instability, simulated gate closing and pump operation
parameters have been simplified or modified. Improvements for model stability are
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required before the models can better represent the operating procedures. Even
after this change, representation of “actual” operating procedures may be difficult
due to deviations from the TARP system operation plan, i.e. pumping at night, down
times for various pumps, changes in pump ratings, implementation of forecasting
algorithms, etc. If possible, the TARP models should be revised to better represent
actual operating conditions. First, the modeling should more accurately simulate
MWRDGC operational procedures that include less frequent pumping and pumping
during the night. Second, the incorporation of a pseudo-forecasting algorithm would
allow the model to simulate MWRDGC dewatering procedures prior to a storm.
Third, dynamic constituent (inflow-infiltration versus sanitary versus groundwater)
tracking can be incorporated to allow more accurate determination of the deductible
components of TARP flow. Currently, constant constituent proportions, based on
annual volumes, are applied to all simulated pumpages from the TARP tunnels.
Therefore, constituent flow percentages from TARP remain unchanged during an
entire water year. Fourth, the inclusion of an algorithm to operate index dropshafts
based on average water surface elevation in a tunnel reach would provide better
simulation of “actual” operations. Sudden, localized changes in water surface
elevations would not result in frequent opening and closing of control structure
gates that regulate the flows into the drop shafts.

MWRDGC Upper Des Plaines Pump Station

A review of the Upper Des Plaines pump station and its flow record indicates
that the flow at the pump station is suspect and subject to operator error. Better
flow measurements are needed at the pump station. With better flow
measurements, this site will become the most important point for calibrating and
verifying the simulation models for the Des Plaines watershed. In the diversion
calculation, the primary purpose of modeling is to calculate the deduction forirunoff
from the Des Plaines watershed that enters the CSSC. The Upper Des Plaines
Pump Station is the only point at which a model of the inflow-infiltration can be
calibrated and extrapolated to the remaining portions of the Des Plaines River
watershed. Because of the many problems associated with the current
measurements of flow at this site, the benefits as the primary model calibration point
have yet to be realized. Refer to the discussion of Budget 8 for additional details of
some of the problems with the current measurements. Installation of better flow
measurement equipment at the pump station would facilitate better model
calibration.

Assessment of Impact of Using Direct Solar Radiation Versus Cloud Cover

As mentioned earlier in this report, the computation of potential
evapotranspiration (PET) has been changed in WYS6. Prior to WYS96 the cloud
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cover at O’Hare Airport was used in the computation of solar radiation which is then
used in the computation of PET. For WY396 a direct measurement of solar radiation
from Argonne National Labs was used because the reporting of cloud cover at
O’Hare Airport had changed. An assessment of the impact of using direct solar
radiation versus cloud cover may be warranted in the future.

O’Hare and Egan Basin Flow Transfer

A portion of the flows originating in the O’Hare and Egan Water Reclamation
Plants' (WRP) service basins is transferred east to the Northside WRP. The extent
of this transfer of flow is not known and the diverted flow is not currently measured.
An estimate of the annual flow transfer is provided by MWRDGC. The total O’Hare-
Egan flow transfer has been estimated by the MWRDGC as 31 cfs for the past
several years.

This transfer is significant to diversion since the O’Hare and Egan facilities
discharge outside of the CSSC while the Northside WRP discharges flows that
reach the CSSC. Therefore, this transfer contains two components that are
deductions to the flow measured in the CSSC. The two deductible components are
groundwater pumpage contained in the sanitary portion of the transfer (Column 4),
and diverted Des Plaines River watershed runoff (Column 6).

To determine the two deductible components requires an estimate of the
sanitary and runoff portions of the flow transfer. Presently the sanitary and runoff
portions of the flow transfer are estimated using the same constituent (sanitary,
inflow, and infiltration) proportions simulated for the Upper Des Plaines Pump
Station by SCALP. Additionally, estimates must be made of the groundwater and
Lake Michigan water components of the sanitary portion of the transfer. For WY96,
the estimated water supply from the O’'Hare and Egan service basins was
composed of 2.2% groundwater (0.5 cfs) and 97.8% Lake Michigan water (21.7 cfs).
The diverted Des Plaines River watershed runoff was estimated at 8.7 cfs.

For future accounting, simply measuring the basin transfer will not provide
any information on the component makeup of the transfer. Thus, a review of the
complex hydraulics and hydrology is necessary to determine the best procedure for
estimating these flows. Several alternatives, including flow measurement and
modeling are under consideration. A more detailed discussion of the flow transfer
can be found in the Lake Michigan Diversion Accounting WY86 Report in the Lake
Michigan Diversion Accounting WY90-92 Annual Report.
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Summary

In compliance with the 1967 U.S. Supreme Court decree as modified in 1980,
the WY96 diversion was computed using the best current engineering practice and
scientific knowledge.

Overall, the simulations that comprise a significant portion of the diversion
accounting computations worked well. The two most significant budgets to the
diversion accounting computations, Budget 7, Northside Water Reclamation
Facility, and Budget 10, Stickney Water Reclamation Facility, performed very well.
Together, Budgets 7 and 10 compute the majority of the deductible Des Plaines
River watershed runoff. These budgets have simulated to recorded ratios of 0.96
and 1.00 and correlations of 0.86 and 0.82, respectively. Given the complexity of
the hydrologic cycle in the heavily urbanized Chicago metropolitan area, and given
the number of human and other factors that cannot be adequately represented in
numerical modeling procedures, the results of these two (2) budgets are very good.
Additionally, results for Budget 12, the Calumet WRP, were very good. This budget
also models a portion of the deductible Des Plaines River watershed runoff. The
S/R ratio was 1.02 while the coefficient of correlation was 0.91.

The WYS6 diversion accountable to the State of lilinois is 3,108 cfs. This
flow is 92 cfs less than the 3,200 cfs average specified by the Decree. The 40 year
running average beginning with WY81 and rounded to the nearest cfs is 3,418 cfs,
and the cumulative deviation from the 3,200 cfs average is -3,493 cfs-years. The
negative cumulative deviation indicates a water allocation deficit and the maximum
deficit allowed by the Decree is 2,000 cfs-years.

49



References

1. Barkau, Robert L. 1991. Modeling of the Chicago Tunnel and Canal System.
Prepared for Christopher B. Burke Engineering Ltd. as part of reference 2.

2. Christopher B. Burke Engineering, Ltd. 1991. Data Collection and Model
Revisions. Prepared for the U.S. Army Corps of Engineers, Chicago.

3. Christopher B. Burke Engineering, Ltd. 1990. Infiltration and Inflow Study
and Diversion Accounting Model Modification. Prepared for the U.S. Army Corps of
Engineers, Chicago.

4, Christopher B. Burke Engineering, Ltd. 1999. Hydrologic and Hydraulic
Study of the Calumet Watershed. Prepared for the U.S. Army Corps of Engineers,
Chicago

5. Espey, William H., Harry H. Barnes, and Svein Vigander. 1981. Lake
Michigan Diversion Findings of the Technical Committee for Review of Diversion
Flow Measurements and Accounting Procedures. Prepared for the U.S. Army
Corps of Engineers, Chicago.

6. Espey, William H., Harry H. Barnes, and David Westfall. 1987. Lake
Michigan Diversion Findings of the Second Technical Committee for Review of
Diversion Flow Measurements and Accounting Procedures. Prepared for the U.S.
Army Corps of Engineers, Chicago.

7. Espey, William H., Oscar G. Lara, and Robert L. Barkau. 1994. Lake
Michigan Diversion Findings of the Third Technical Committee for Review of
Diversion Flow Measurements and Accounting Procedures. Prepared for the U.S.
Army Corps of Engineers, Chicago.

8. Hart, Dale E., and Richard G. McGee. 1985. Final Report - Lockport Power
Plant Sluice Gate and Control Works Discharge Evaluation. Waterways Experiment
Station. Vicksburg, MS.

9. lllinois State Water Survey. 1991, Installation and Operation of a Dense
Raingage Network to Improve Precipitation Measurements for Lake Michigan
Diversion Accounting: Water Year 1990.

10. International Joint Commission. 1981. Great Lakes Diversions and
Consumptive Uses, Annex F, Consumptive Use.

50



11.  Keifer Engineering. 1982. Input Data CRSM for Existing Conditions -
Mainstream System. Prepared for the U.S. Army Corps of Engineers, Chicago.

12.  Kleinbaum, David G., and Lawrence L Kupper. 1978. Applied Regression
Analysis and Other Muiltivariable Methods. Wadsworth Publishing Company.

13.  Metropolitan Water Reclamation District of Greater Chicago. 1984. 1984
Facility Planning Study - MSDGC Update Supplement and Summary.

14. Metropolitan Water Reclamation District of Greater Chicago. 1989. 1988
Annual Report of the Maintenance and Operations Department.

15.  Neubauer, Ronald A. 1990. Request for TARP Information from the Army
Corps of Engineers. Memorandum to Mr. William Eyre, Supervising Civil Engineer,
Metropolitan Water Reclamation District of Greater Chicago.

16.  Northeastern lllinois Planning Commission. 1985. Lake Michigan Diversion
Accounting Manual of Procedures.

17. Kleinbaum, David G., and Lawrence L Kupper. 1978. Applied Regression
Analysis and Other Multivariable Methods. Wadsworth Publishing Company.

18.  Rust Environment & Infrastructure. 1993. Diversion Accounting Update for
the New 25-Gage Precipitation Network.

19. Steel, Robert G. D., and James H. Torrie. 1980. Principles and Procedures
of Statistics - A Biometrical Approach. McGraw-Hill, Inc.

20. U.S. Army Corps of Engineers. 1990. Lake Michigan Diversion Accounting
1989 Annual Report Including WY84 and WY85 Accounting.

21. US. Army Corps of Engineers. 1990. Current Meter Measurements of
Discretionary and Leakage Flows at the Chicago River Controlling Works, O'Brien
Lock and Dam, and the Wilmette Controlling Works.

22. U.S. Army Corps of Engineers. 1994. Lake Michigan Diversion Accounting
Annual Report, Water Years 1990-92.

23. U.S. Army Corps of Engineers. 1995. Lake Michigan Diversion Accounting
Water Year 1993 Annual Report.

24. U.S. Army Corps of Engineers. 1996. Lake Michigan Diversion Accounting
Water Year 1994 Annual Report.

51



25. U.S. Army Corps of Engineers. 1998. Lake Michigan Diversion Accounting
Water Year 1996 Annual Report (contains WY 1995 Accounting).

26. U.S. Army Corps of Engineers. 1994. Lake Michigan Diversion Accounting
Water Year 1986 Report.

27. U.S. Army Corps of Engineers. 1994. Lake Michigan Diversion Accounting
Water Year 1987 Report.

28. U.S. Army Corps of Engineers. 1994. Lake Michigan Diversion Accounting
Water Year 1988 Report.

29. U.S. Army Corps of Engineers. 1994. Lake Michigan Diversion Accounting
Water Year 1989 Report.

30. U.S. Army Corps of Engineers. 1995. Lake Michigan Diversion Accounting
Water Year 1990 Report.

31.  U.S. Army Corps of Engineers. 1996. Lake Michigan Diversion Accounting
Water Year 1991 Report.

32. U.S. Army Corps of Engineers. 1996. Lake Michigan Diversion Accounting
Water Year 1992 Report.

33. U.S. Geological Survey. 1984. Streamflow and Water Quality of the Grand
Calumet River, Lake County, Indiana, and Cook County, lllinois.

34. U.S. Geological Survey. 1992. Water Resources Data, lllinois, Water Year
1991, Volume 2, lllinois River Basin.

35. U.S. Geological Survey. 1994. Comparison, Analysis, and Estimation of
Discharge Data from Two Acoustic Velocity Meters on the Chicago Sanitary Ship
Canal at Romeoville, Illinois.

36. U.S. Geological Survey. 1994. Measurements of Leakage through Chicago
River Controlling Works and Other Control Structures Near Chicago lllinois.

37. Wisconsin et. al., v. lllinois et. al., Michigan v. lllinois et. al. New York v.
lllinois et. al. U.S. 2, 3, and 4, Original 1 - 18, 1980.

52



'y Xipueddy ul paujejuod sen|eA Ajiep ay) wol}
peje|nojed ele Mol [euly ey} ul pejueseld sebeiaas ey] :ejoN

piodey efie 8||IA0e WOy ey} 0) SUCHIPPY "6 UWN[OD + @ UWN|OD - € UWN|OD = O} UwWNjo) '€

‘£ yBnoiy) p suwn|o) Jo wns ey} sjenbe g uwnE

piocdey efe o e|jjAcewoy @y} Woij suollonpeq D ‘Z PUB | SUWN|OD jO wns ey} sjenbe ¢ uwnjo) '}
:suoneyndwo)

SMO|J UOISIaAI] Ajieq Jo Aewlling - y xipuaddy



s vor

L2y LvZl'L 96792
{o'o0l £'0Z0') SZe9'l €6LLT
llo'se 6'100'} '1S9'} Lyrs')
floziy 9'€6) £'S59'1 9'8L¥'T
llozol c£8ly 8'€Z9'L 89.2'T
[lo'ee £'£68 £6£9'L 1'6.8'T
lovol v'S61 ¥'659'L 8'966°}
llo'ee ZEL 2€69'L 1'S0C°Z
lloerz Ly 9299'1 1'zsz'T
flosiy £50) v'/89'L ¥'9¢£9°7
floeLs ¥'9S1 0/219'L 0'862'
flovis 9ELS 0Tro'L 1’19z’
flo'ose 1'806'Y 0LL9°) c6LY'Y
flo'Les 0'LEEL YLl 0°¢29'2
llo'e65 1'09 SZ9L') §ITr'e
flo'szs 6.2 9'1SL"L LOLY'Z
flo'sys v op £'S0L'L Y82’
flo'L8s €S z2259'L ¥oL¥'Z
floesy ¥ 65 £'9/9") 89197
flo'rie S'ZE 5'928'L 0'1£9°7
llo'sss 129 ¥'ee8’l £008'Z
lloves 8'/¢ 5918'L 91297
llo'ose Z'.S '86L'} 8'969'Z
lo'ree 1'l8 0'65.'L rele't
lloeis S'66 S'889'L 8190
llo's99 9252 £169'L 12867
[lo'ese 9'86F'C ezl gL10's
fto'oes '€l X2 9 L0L'S
llo'seg /'99 €018'} 0'6S¥'Z
[lo'vze 9'.S 0818'} 1'9§9'T
[lo'ses 9'Ey 1'L16'L 10087
flooes S'68 98"l 0'SL¥'T

11 (1] 113 0l
SIONITI 40 Q3HSYIALYM SIONITI 40 SIONIT 40
3LVLS IHL OL |NVOIHOIN 3XV1| 3LVLIS 3HL OL 31ViS 3H1IOL
3718V.INNODJY | G3UHIAIQ SHL | 318VINNODDY | ITIEVLINNOIDY
NOISH3AIQ WOX¥H 440NNY NVYOIHOIN NOISH3AIQ
1034910 VT NOHS IvioL
39VdANd

S Ul |ly) M| UOISISAIQ J0 AIBWWNS — 566 JBA0I00

SHONNY g

2 y'EE9'T sabeiany

1z 0660€ | S6-P0- 1€

vz 0.0 | S6-P008

7t 06veC | S6-906C

TE 0812z | S6-P082

9z 0Z20c | S6-90-12

9z 0c26'1 | 69002

7z 0vrlz | 560G

i 0951z | 5600+

vz 018y | S6-P0<€C

31 0Z9Ve | S6-P02Z

c7 0ESEt | S6-P0-1Z

0z 082S | S6-P00C

0t 0189z | 569061

Ze 01562 | 569081

o 0z9zc | S6-00-L

Ze 05512 | 56-P0-9}

9t 05,2z | 5690}

9z 0Z¥'z | S6-P0+1

0c 0%9v'Z | 56-P0<)
Trsiwz Tre 0ZIvZ | 56-P0Z1
leoorz [oz 0vovz | 560014
Eovsz |2z 0vPSZ | 569001
Trooz vy 06912 | 560060
_M.Em.w ) 0Li62 | S6-P0-80
‘9567 90 09562 | S6-P0-10
"%6.c |50 096c | 569090
2967 |50 07962 | 569050
ez |60 01beZ | 56-P0+0
91 06052 | 56-P0<0

61 05z | S6-9020

651 0062 | 569010

< b 31va

WNVO 3HL 39V Qyoo3y 96861 AM
HONOXYHL | 3HL 3A08Y 39V ONILNNODIY
SNOISY3AIQ WAY NOISH3AIQ

avioL ITUAOINON| NVYOIHOIN
DIV

9661 AM — Bunjunoooy uoisiaalq uebiyoipy axe




llses S'89Z'L 9v€9'L 6'768'C £9g0'c |1} Z'SE0'E sabesany
[lo0L 8. SE'L 0'656'L rere'L  |ve 0’16t S6-NON-0E
[lo'g9 'S02 pev9'L 12882 ez [s't 02T G6-AON-62
foi8 V' IPE ¥'€29'1 9'128'7 025z oL 0'925'T S6-ON-8Z
[lo'89 L'€80'L EEIER 0'L6L'T LVipeT  [VL 09peZ S6-AON-/Z
o ¥9 8591 085"} £¥s8'l 69081 60 0908's__ | S6-AON-9C
fois 92s1 b 1651 98027 ovivz |0+ OELIT | S6"ON-GC
{019 9'691 01651 £910'7 - |lzzo0z  [z0 02002 G6-"ON+Z
[o'9L 5.8} SS19't 6'0€L'Z ~ |eoroz  [80 09F0Z [ S6AON-EZ
1059 6961 9169’1 7'9.2'T - JrieiT Jro 01912 S6-AON-ZZ
029 S'ShZ 1'6£9'} YL’z lewoz  [eo 0'1¥0'Z G6-AON-1Z
0.9 6%0E £999'} 9'08¥'Z Sivb'z |50 0'Ir'Z G6-AON-0Z
018 9'€Z5 SL19') 6'¢SE'T _ lesieT Jeo 0GIEZ G6-AON-6 |
l0'€6 6'6.5 ¥'029'L 1197 _ |rossT  [r0 00452 S6-AON-8|
09. v0LL 1'ee9'L £'696'C leevoe  Jeo 0'Er0'E S6-AON-L |
0ZL L7268 6'€59'L 6'¢es'T _|rozsT ro 0052 S6-AON-g|
028 008 6'€29'} 9'¢6e'e __levsy'e [0 0pSP'E S6-AON-G|
06 5786 S129') L'Sor's lszzr'e [s0 0'/Zr'E S6-AON |
0'E6 SLE') £159'} 9°2£9'¢ llecie'c |61 0CI6'E G6-AON-€ |
0'€9 CYOr'T 2529’} 9'9¥6'y = del1s's  Jeo 0'11S'S S6-AON-Z |
0 6% g101'y G'GE9'L L'¥60'0L : lc'ez6'0L [e0 0€.6'0L | S6-NON-L1
0SS 9'888'Sl 9'5v9'L 9'6Es'y 60989 [60 00989 S6-AON-01
l0°'SS SEll Z.29'L z'99L'T S6e0T  [sE 0'9£0C 56-AON-60
[lo'eL [T 099} 6'298'1 8Ly |Le 0¥8L'L G6-AON-80
llovL 0¥l £259'1 e6rL'z £1e0Z |e€T 0620'C G6-AON-L0
[losL L9891 2S59'L LocL'T 5866'L  |S1 0/66°} S6-AON-90
fo'te 6'%5Z 8'129't L'rs't 1'90s2 |1} 05052 G6-AON-G0
flo'ge 0662 Zy19'L £769'T (v'eLSC  [¥O 0'€L5'T S6-AON-+0
[o'sL 1205 6¥9'L 9'99¥'Z ccor'z  [€0 0'S9F'T 56-AON-€0
[lo'sol £9/9't v ¥e9'L 0'669'¢ Lerly (L) 08rl'y G6-AON-Z0
0601 ZEZ'E 9'€59'1 1'199°T svel'e |51 0€8LE S6-AON-10

13 zZh 11 (13 £ (4 b 31va
SIONITT 30 Q3HSH3LYM SIONITI 40 SIONITTI 40 IVNYO 3HL 39VO Quoo3y 9661 AM

31V.1S 3HL OL |NVOIHOIN 3XV1| 31VLS 3HLOL 31VisS 3HL OL ITUACINOY || HONO¥HL | 3HL 3A08Y 39v9 ONLLNNOJDV
3718VY.INNODIV | Q3LH3AIQ 3HL | 3T8VINNODDY | FTEVLNNODDY 3JHL WOM4 MOT4 SNOISH3AIQ WAV NOISY3AIQ

NOIS¥3AIQ WO¥4 440NNY NVYOIHOIN NOIS¥3AIQ NOLLONA3a IvioL ITNAOINOY| NVYOIHOIW

103810 DIV WONS Tviol vioL AV
39VdANd

(sS40 Ul ||\) SMO| 4 UoISIBAI(Q JO AlBWWNG — GBE | JOQUIBAON
9661 AM — Bununoooy uoisiaaig uebiyoly axe




__m.mh ! 6r9'L £'8£0'Z '996'L 0T €796’ L sabesany
[o°ee LIET 1719’} T'9.0'T ‘9202 671 0520 56-920-1€
flo1z 8'v0Z 9'er9') crze'l 188'L |2} 0'088'L 56-220-0€
[0s9 Lyl 0€S9'} 6'298°L oel'L v 0SeL'L §6-930-6Z
[lo's8 5.8 6.¥9') 8'890'7 ‘096°L [9') 0'656' L 56-29Q-8Z
[o0L 9'€01 L679'1 9'%06°L 88t |5 0.8’} 56-990-/C
lloze v'18 089"} £'cZ6't 128k vl 0028t 56-290-92
llo22 £'8/ £'99G'} 1'996'L leive'L |91 0'0r8'| 66-980-GZ
llo'sz €60} ¥'€59'} ¥¥06°} llove’L o€ 0rPe'L §6-920+2
llo'sz €001 0Sr9'l 9'8¢1L'Z llLoro'z [y 09602 56-090-€2
llo'eL 6€6 VELS') 0°666°L o228y [os 0Z.8') 56-990-22
llo'gs SVl 889} £'Z68°L lsesg’L [s€ 0'G58'} 66-990-1Z
flozz [ 9'189'} T1Ize'L vvyos'L [z 008"} 56-990-0Z
llo'z6 0'6vZ 0104} 9'980°Z 6000z |60 0'000'Z 56-980-61
llo'ze 8'16Z 2'689'} 'S0 2z0Z [z 01207 S6-99Q-8
[lo'sz 01814 0'989'} 9'8€0'Z 1866V [L0 0'866'| 56-08Q-L |
{lo'gz v'651 6689} 0292'C 1'9SLZ  [1°1 0'SSL'Z 56-220-91
{lo'o8 L8IE 9%6/9'} £'96¥'Z €107 (€1 00/pT 56-090-G1
flo'ss 9€ELL £v89'| L'69L'T flLosez [} 0'65€'2 56-930+ |
[loes €6.Z SE€89'l 1'6.2'T vizvz vy 0912 56-220€ |
[lovL 9'lpl v'€.9') £'ore’l leeze’t |sz 0'/26'1 56-290-Z )
[lo'ge L'€0L z8.9'} 9'588'L frses't [¥e 0€9.'} 56-92Q-} |
lo'69 0'sZL ¥'/G9'} 81802 llo'so0'z |92 0002 S6-290-04
lo'gs VELL 5'8/5') 9512 lsoorz [sz 0'860'C $6-030-60
floes LTl 8'619'L L'1E8°L ovsL [v1 0SkL'L 56-990-80
flo'ee 6VEl 629l 66921 Z6ve'L [21 0'8ra’L $6-920-20
o1 v'981 LTE9'L 9'0¢8°) 1908'L |1} 0508'l 56-220-90
lloes ezl €29l 6'880'Z Pze6L [v) 0186'1 $6-290-50
llo'se 1°081 9Zy9’L 1'§80'Z weoz [vL 0Z102Z 56-280+0
flo'oe 888l 965’ L L'e8L'T - lzeorz (21 05012 56-990-€0
flo'1e S/81 LL19'} 0'250°T /656'L |1 0856} 56-220-20
0°0L 88l 1'9p9'l 1'60Z°C €012 ey 01012 $6-920-10

£l Zh 113 ) 8 € T b 3lva

SIONITI 40 Q3HSYILYM SIONITI 40 SIONITTI 40 Q¥0034 39VvO AVNYD 3HL 39VO ay0o3y 96681 AM
31VLS IHL OL |NVYOIHOIN 3XVY1| 3LVLS 3HLOL 31ViS 3HL OL TUAOCINOY HONOYHL | 3HL 3A08BY 39V ONUNNODIV
378Y.LINNOOJY | Q3L¥3AIQ 3HL | 318VLINNODIY | I1EVINNODIDV 3H1 WOXS a398YHOSKA MO SNOISH3AIQ WAY NOISH3AIQ
NOISH3AIQ WOX4 440NNY NYOIHOIN NOISH3AIQ NOLLONA3a A9V NN IviOL FTNAOINOYH| NVOIHOIW

1034910 IV WONS IviolL WL0L 5 : HALYMONNOUS ExAA
39vdANd NYOIHOWN | 3HLWONd | Alddns
DAVE 2JONNY HAIVM

(sso un v m_\so_n_ uoIsJaAI(] JO EmEcunm.m - GB6 | JoquadaQ
9661 AM — Bununoooy uoisiaaiq uebiyoipy axe




fszs 5505 0'€Z9'l 9LLLT ‘86 61 9'182'Z sabesany
ookl S0Sh Y 80£0Z ‘€S ) ¥ 072002 96-Uef-1€
fooL 9v8l LYS9') 1'6.9'F 19} cT 00.9'L 96-uer-0g
o1 ¥ 622 6929'} L162'T ‘191 ¥ 0'LIZZ 96-uer-67
fo're 1042 S0€9'} 0'L0¥'Z ‘081 LT 0'E0P'Z 96-Uer-g2
floros 6229 €129’} oy’ '15S [ 0'86LC 96-Uer-/Z
llo'ze 059’1 LZP9'} Love's 195 VL 00T 96-Uer-gz
ffo'ss €8l 0'er'l 6'696'} 1,9¢) 10 0926} 06-UEr-SZ
flors €82 L'Zve’L 0'¥99'C ‘€Ll S0 0099¢C 96-UBr+Z
ffovs 8'86Y ¥'€19'L 9°L10'C '902 Ll 09012 96-Uer-£Z
oL 1962 9Tro'l 9'719'C ‘681 &3 0085'C 96-uer-zz
flo'oL ¥ 18€ A 1'896'C ‘951 9€ 0'LP6'T 96-uer-12
flo'09 Z'659 £429') 6'£66'2 ‘9LE Sl 0EELE 96-Uer-02
fo'zL v'e0p' | 9'gr9'l L'962'S ) ¥'0 0LLL€ 96-Uer-6
ffo'zo1 S'LOE'Y £Ge9'L §'Lee'c ‘$80'} 80 00vZ Y 96-Uer-g|
flo'sz Szl 6'GEQ'L ¥0.E'T "0€S Z} 022LT 96-uer-/|
oz L€02 1'G99'| £'056'L [ €l 0268} 96-Uer-g|
ozL 9'69) 2789} 6°098°L e 02 0GL8'} g6-uer<|
flo'ze 6°€60'} 919} Lzev’l ‘€65 ZC 0998l 96-uer+|
ffo'se £198 z9e9'} £126°) '€SF 8l 0'SKZT 96-uer |
flo'sL €65 LTr9'L 0'91L0'Z ‘88 Sl 0'SZ6'L 96-uer-zi
floaL 6004 989’} LTSl ‘981 el 01921 96-uer-| |
foze 6'65 ¥'€59' | §°C06°} {168 Sl 0518} 96-uer-01
fo'z8 L'EL S0E9'} 05002 L'EZ) Ll 0656} 96-Uer-60
flo'ss L'€6 1'659'L 9°9.L") P89} ol 0L} 96-uer-g0
fovs 169 9619’1 Ll el St 0SLL'} 96-Uer-20
flo'ss ¥'99 02Z£9'L £'8€6'L ‘96 61 0SS’} 96-Uer-90
floz8 666 6929'| 1°§L0'T 691 82C 09002 96-UB[-50
flo'os ZsL L'859'} L1e8'L  Jcge 0S 0¥SL') 96-UBr0
flo've 6vil 0299'} L'9ovs'L P gm v'e 0'9€8'} 96-UEr-€0
foes 1’86 TEEY') 80.8'} ‘Bis . 1896 8l 068.'L 96-Uer-zo
llo6s $'Z01 S'06S'L 8'C06'L ik o8l 6l o'sys'l 96-uer-10

113 Zh 13 0F 8 z b 31va

SIONITTI 30 Q3HSHILYM SIONITW 40 SIONITTI 30 AXOO3Y 30V 39VO Qyoo3d 2861 AM
31VIS SHLOL |NVOIHOIW 3XVY1| 3LVIS JHL OL 3lViS 3HiIOL ITUAOINOY HONOYWHL | 3HL 3A0CTY 39V ONLLNNODOY
FIBYLNNODDV | Q3LHIAID 3HL | IN8VINNODDY | ITEVINNODIOY 3HL WO¥4 SNOISH3AIQ WAY NOISH3AIQ

NOIS¥3AIQ WO¥4 440NNE NYOIHOIN NOISHIAKD NOLLONA3Aa WIOoL FTNAOINOY| NVOIHOIW

103810 UV WO TvioL W10L v
JOVdWNd
31

(syo ul ||y m,io._n_ UOISIBAIQ JO AJBLIWNG —

966 Adenuer

9661 AM — Bununosoy uoisiealq uebiyoin exe




FE 9'pSE Vel 8LYz'T Sz vZ6L'Z sabelary
fos. '0.S 69/9'1 £'609C (%4 09657 96-4°4-6C
fois 1'8GE'} 8'1.9'L 0°'928'c kT 0'1LL'E 96-924-8C
foozz 0'1E9'E #'069' | g'yzl'e ZT 06Ty 96-994-/2
fosL 0’8z Z2'/99'1 61027 [ 0€/9C 96-994-92
fove 0ZL) £009'| L'L06') 9C 09/4'1 96-094-G2
foos VAL 1259’} 8'8¥6'L [X4 0y ) 96-9°4+2
foze 6811 L1619} zL02'T 8l 0G604T 96-994-€2
fosL 0'9€E} 0959’ ¥96.'L 0z o8svl'l 96-924-22
fose Z' 10l 9'/59'| 0'Z06'L LT 0'14L') 96-094-12
fovo 6,0} 6'199'| L'o¥L'T €€ 06202 96-094-0
flo'es Z'SkL 6'G0. L ¥058'L 61 0€Ll') 96-d°4-61
ooz Ll 1'/99'L 8'698'L Sl 0'9S.'} 96-d24-8|
floze 0901 L'659'} 8czL'T 0z 00002 96-de4-/|
fio'se LEpl 9ZLL'L 0'L08'} g8l 0'6GL'} 96-4°4-9|
fo96 06LL L2891 090 67 0'Iv6'} 96-924-G
foos LEV) 1689’} 9'8L2'T g€ 0WwiZ 96-d°4¥|
oL 2021 S'IEL' L 0'srL'z P 0v10Z 96-094-€|
fo'28 09l €6eL'L 8'9¥L'T 6T 0890 96-4°4-Z|
fovL 0012 8'669'} 8692'C ZT 0¢€8L'T 96-4°4-1
fore 6.22 TLivl') L'¥r0'T €T 0'826'} 96-9°4-0}
looe S'L0E 1'99.'} 9°020'C Sz 0/66'} 96-924-60
ffooL Z'\SL 1'99.'1 1'699'7 L€ ov18'T 96-924-80
flovs 8'12¢ €9/ 'L ¥Z62'T L€ 0952 96-924-20
florrs 1’921 Syye'L 8'1LE6'L 62T 0'858'L 96-994-90
flove 1Sl 7728 9°68¢°7 L'l 0viZ'T 96-494-50
fto'ze S'/0L S'86. L L'6L2'T Ll 06802 96-094+0
ffo'zol o8yl 9'88.'L £90L'T 9l 0/90C 96-G24-€0
fioriL 6'SCl TS8L'L Z6LL'T Y 0100 96-994-20
ffooot ¥'6E ) 891 ¥'8rZ't 02z 00.1T 96-494-10

£} t43 123 [*]13 z 13 3lva
SIONITI 40 Q3IHSYHILYM SIONIT 30 SIONITTI 30 QHOO3M FOVO TVNYD 3HL 39VO ayoo3y 9661 AM

31VIS 3HL OL |NVOIHOIN 3XVY1| 3LVLIS 3HLOL 3lvis 3H1IOL ITUAOINONH , HONOYHL | 3HL 3A08Y 39V ONLLNNODOV
F18VINNODIV | 3L1H3AIQ HL | 318VINNODOY | ITEVLINNODIOY 3HL WOX4 MOT4 SNOISH3AIQ WAY NOISH3AIQ

NOISH3AIQ WOY¥4 440NNY NYOIHOIN NOIS¥3AIQ NOLLONA3a avioL ITIAOINOH| NYOIHOIW

103410 VT WONS IvioL WIOL Exial
39vVdWnd

(s§0 Ul ||y) smo|4 uoisiaAl( jo Alewwns — 966} Atenige4

9661 AM — Bununoooy uoisiaalq uebiyoip axe




fos. 990 6°059'1 6022
foss 6ZEE Ly19'L 8'668°L
fos. 8'6L1 6829’} 88012
fosL Zv8l LOv9'L 1'§50'Z
fose 9Z¥e £659'L TEET'T
foiz 6'6£2 £€£9'| 9'09¢€2
foss ¥'GoE v'ar9’ | 9'992°C
foes b'E0L'L £6v9'| rveL'e
foss 9¥0€E L¥E9') 9'L£0'T
oL 1’05} ZS¥9') 7'80L'C
fous 6GLL 1'Z99'L 9'098°}
foee 08 6099’1 1'952'C
fooil Sz 8Z59'| ¥is6'l
foes 6681 S¥r9'l 9'¥0L'Z
oL L'SE2 7969’1 1'9ZL'T
foos 811z €169} 1'966'}
fosL £€SC 1'6r9') 8'069'C
ozL #'€9C 0Era') 8'C96'L
foos 8'GZE 5999’} £ L9%'T
fovs 0'vEE 1'0.9'} 9'¥ee's
fore 8'E85 ££99') yore's
foes 082"} 699"} ¥'518°L
foes 9'898 2659’} 1'686°L
k0oL L'8ET SE89' | [RE 4
fo'sL 9'ZET 9059'} 9°cL0'C
fois S0vZ 1'699'} 0'9s¥'Z
fose Z'156 8'8r9'l 1'L60°Z
fo'ie L'¥/9'L £899'1 £'609'2
foaz 5202 5Z89') TIN0'T
foeo 6012 2529’1 9°Z6L'T
fozs 6.2 Zpe9'l 1'922°T
loes ¥ 09€ z2Z59') ¥L9L'T
£ Zh 113 13
SIONITI 30 A3HSH3LYM SIONITII 40 SIONITTI d0
31VIS 3HL OL |NVOIHOIN Y| 3UVIS 3HL OL 31VIS 3HL OL
ITGVINNODDV | G3LHIAI0 3HL | ITBYINNODIY | 3TEVINNODIY
NOISH3AIQ WOYH J44ONNY NYOIHOIN NOISY3AIQ
103y41a VT NOHA Iviol
JOVdWNd

(S Ul |Iy) SMO|J UOISIBAIQ JO AJBWWNS — 966 YOI
9661 AM — Bunjunoooy uoisiaaiqg uebiyoip axe

807 leo Lesiz lzz S98i'z | sebeseny
4 lie# Logs’lt [LT 0'8/8'l 96-1BN-LE
LEZ) _w.m 6110Z |6 00102 96-18W-0F
‘8014 ¥ Lovs'L (L 0'6E6'L 96-1BN-62
‘661 | 7] Lrolizz |1z 0802 96-1eW-8Z
Xan =K leeszz [zT 0152C 96-1BN-/T
0'002 K] llvz'z L) 0EPZ'T 96-1BN-92
L oy 19 , 8l 0Z.6C 96-1BN-GZ
181 Vi 8T 07266 L 96-1BW-4Z
6611 109 8Z 0€00T 96-1BN-€2
‘891 29 [ 068.'1 96-1BN-22
416l 19 6S oSyl 96-1e\- LT
8'091 I£'9 Y 0€se’l 96-18N-0Z

- fo'eol li5's Ll o086l 96-1eN-61
- |c86l I8°S 9l 08602 96-1BN-8 1
6'€01 18 0€ 0ZL8'L 96-18\-/ |
p'LE) G K 0'865C 96-1eW-9 1
004} lles Ll 00F8't 96-18N-G L
‘80 liee Z'l 0'1S¥'T 96-1eN |
8611 | ) ¥4 0'.22'T 96-1eN-E1
6l | : zolez |z 00T 96-1BN-Z 1

i floosy 19'9 B0z |sc 0'690'C 96-1eN-L |
8vE : leerz g1 0Z41'T 96-1eN-01
8L} lesorz [eo 050L'C 96-1eN-60
774 ) |sz0T |so 0ZL02T 96-18N-80
TL) llog '98€Z €L 0'S8E'T 96-1eN-L0
L'6FF lies BYIEZ |80 OFIET 96-1BN-90
‘092 gL w wwi'e (0L oorl'e 96-1BN-50
0'SE} 55 AED 0256'L 96-1BN+0
8'8S | ! i98zL'z [91L %4 96-1BN-€0

X josvl sz [0z 07254 96-18N-Z0
P IZ) 69 16997 |1 0'€99'C 96-1BN-10

£ z 3 3iva

QYOO3Y 30VO IVYNYD 3HL 39v9 qyoo3y 9681 AM
ITUNACIWOY HONOYHL | 3HL 3A0TY 39V9 ONIINNODDY
JHL WO¥d w MOT4 SNOISH3AIQ WAV NOISH3AIQ
NOWONAa3a IvioL FTNACINCH| NVOIHOIW

| o

M3

SNV




lo 26 L'\ L'ebo'L 9°865'Z g} 0p09z | sabesay
llo'gol 8'12Z6 v'ev9’l 8'560'¢ 60 0'L0E'e 96-1dy-0€
[lo'es SL0v'T 6'659'L Z'109°¢ Ly 0ZI0F 96-1dy-62
flo'szL 09T S'€29'L 768¥'T 1l 0Z9E'T 96-1dy-8Z
floost 6,62 £'099'L 6 re'T [0 0€EZT 96-1dy-/Z
flosiy S L6E L1S9'L 8'%00'C 6l 0'SPe'T 96-1dv-92
floeot 90 ¥'¥99' L 96T 0} 0€I8'T 96-1dy-6Z
[lowit ¥ 16S 5'299') 9ezT'e S0 0ZI'E 96-1dv+Z
flo'zoL £'GE6 0'659'} 0zZiz's S0 0L6L'E 96-1dy-€2
[lo'e6 WS S¥E9'L 6'¥.S's 90 0'509°¢ 96-1dv-ZZ
flovel 6528 Z929'L 600L'¥ el 0¥S0'y 96-1dv-1Z
[lo'ss 585} 9'129'1 0195y 02 00LL'Y 96-1dv-02
llo'ee SL64T 8'8r9'L ¥9zl'T [ 0'¥SZ'e 96-1dv-61
{lo'se 8'1Zy £0.9'L 1'70§°Z 02 06LP'T 96-1dv-g1
[looe S'TLE ¥'859'} 082 9l 0'80LT 96-1dv-L|
llo're 0'¥.8 0'859'L 9Ly 9l 0SIL'T 96-1dy-91
lloziy 6'788'C Zve9'l £6¥6'C 8l 0'8ES'E 96-1dy-G|
flo-zoL 0'veZ 8'€l9’} 8Lz gl 0901'C 96-1dv+¥ 1
flovzL ¥'90Z 0819'L 1'S2L'T 0¢ 0'/40'T 96-1dvy-€1
flozoL L'EEL 1'899'1L L'¥8Z'T v'Z 0951¢T 96-1dy-Z1
llovz Ll Z'80.L'L 7'956'L ST 00Z8'l 96-1dy-1 1
lloaz 112 1'699'L 9'¥Z8’l vz 001L'} 96-1dY-01
lloes 9'shL 8%99'L 1026} T 0'968'L 96-1dY-60
[lovs 9'Ecl ¥'.S9'L 0Z¥0'Z (X 0'€Z6'L 96-1dy-80
llozz 6'€9} LBrS'L ¢6V8'L [ 0v8.LL 96-1dy-/0
[loze €9l S'6v9'L 9'8¥L'L k4 0€EL9’L 96-1dv-90
flozz €651 8'Z€9') L'8¥L'T VS 0T 0'8£0'Z 96-1dy-50
[lo'gs 'Ll 1'¥59'L 9's¥8‘L W zzel'y 2T 00ZL'} 96-1dy+0
[lo'oe 1’802 ¥'959'L Iz Q'L P01 Z'€80'C [Z¢€ 00802 96-1dv-€0
[lo'az 6'191 0'€99'} 8612 Ll ZIiE 9'900C |92 0v00'Z 96-1dy-20
0'€l 5681 €6v9'L 012 121 ER e zezl'z [z2Z 09212 96-1dy- 10
€} zZ) 122 0l S ¥ € Z 3 31va

SIONITTI 40 A3HSH3LYM SIONITTI 4O SIONITII 40 a¥003y 39vO 1y TVNYD 3HL TIYNYS 3HE , AYNYD 3HL 39vO a¥003d 9661 AM
31VIS 3HL OL |NVYOIHOIN 3XYT| 3LVIS IHLOL 31VIS 3HL OL ITIAOINOYH ONIHOYIN G.;: HONOXYHL | 3HL 3A08Y 39vO ONILLNNODDV
3718V.INNOIDY | Q3LH3AIQ 3HL | 319VINNODDY | IT18VY.INNODIY JHL WOX4 YNVYION nmgﬂu@.o , MOTS SNOISY3AIQ WAY NOISH3AIQ

NOISH3AIQ WO¥4 430NN NYOIHDIW NOIS¥3AIQ NOWoNAa3a WO mo.\gm : IvioL JTNAOINOY | NYOIHOIW

123¥1a MV WOMS Iviol V10Ol N@t_&!ﬁr— ﬁh{gmw 3NV
39vdANd AddNS :
m-mn»(z.

(spo ul ||y) smo|4 uoisianl(g jo Alewwns — 966 [Hdy
9661 AM — Buijuno22y uoisiaAiq uebiyoiy axe




lz 00z £682'T 5'969'L 9'95¥'y 'y ‘85Y gl v'0/9'Y sabelony
llo'ze€ £862'C LOPL') 6Zre'e iy L¥9 90 0'6YL'9 96-AeN- L€
oz €152y 6.ZL') L'Syé'L ‘669 Z0 0'66€'8 96-AeN-0E
llo'ee 6'S29'9 z969'L ¥'¥58'TL ‘568 90 0'G9L'EL | 96-ABW-6Z
lloos 1'2E1'SL 6299'L 0°'£98'9 1627 #0 0v06'8 96-AeN-8Z
[lo'zoz G'6EL'E 8'E65' | 9'0£9'y '66. bl 0680'S | 96-Ken-/Z
[lo'eoz 8010'} L1419} 8'59L'y ‘602 9l 0vEL'Y 96-AeN-92
llosLe 8'8sb' | 9959’} Yorl'y 8209 L) 0'805'¥ 96-AeN-GZ
llo'zee 8'9/6'C #'€89'L g LvS'y ‘L¥6 £ 0vrZ's 96-"eWN-+Z
fto'zt1 8'€SL') TOEL') £8Z¥'Y '68€ Sl 015 96-"eW-€Z
oLl 6.09'} 2508'L £ 185y 9/l 9z 0615Y 96-AeN-zZ
[lo'gst PEET'T 6vLL) 6'8EL'Y 9°Z9¢ £ 0'65F'F 96-AeN-1Z
llo'2z8 P 1S1'T 9'908'L 6'66E'Y 8'86¥ £z 063y 96-AeN-0Z
flo'szi z's88 L'6E6'L r'e9l'e ‘051 S 0999'¢ 96-Aen-61
llo'roz ZovC'L 9/88'L Lyel'y 'S8l 1z 00.0'F 96-Aen-g|
floest ¥'81S'} 9GIL') 6'59¢'C 1’095 62 0189'€ 96-Aen-L|
flo'Z€l z'9z8 1'159'} Ty6's LI ZZ 0'89€'E 96-Aen-91
flo'ost 6'S9L 0'6.9'L 7'968'C '6LL €2 0ZE6'T 96-ABN-S|
llo'est V'1¥6 8'859'} 1'8.8'S "v0Z vz 0'£8°E 96-Aen|
flovel Z'8sh'L Z'189't L'y2e's 1Z1Z 61 0'668'C 96-Aen-€ |
llo'ast ZPIE'L 0519'L reev'y ‘SPE vl 0009t 96-ABN-Z1
llo'eat ¥'0£S'C 7928l 9'882°9 ‘119 €2 0'659'S 96-AeN-| |
lloosz L'62Z'S 1259t VIo¥'L L10') €l 0vEC'S 96-A_W-01
llovee #'GSS'9 £0.9'1 8'150'9 ‘988 £Z 0/89'S 96-Aen-60
llosel S'orT L'799°) z'e9C't ‘801 9z 0'0£2' 96-ABN-80
[loect L'65C 6'129'1 8'cre‘T ‘BEL 0z 0Z¥r'T 96-Aen-20
flo'zri (A5 1'069'L L'IL8'T L'8EL 8l 0GIr'e 96-Aen-90
flo'zst 5062 S/09'L ¥'862'2 ‘621 8l 0/81C 96-Aep-G0
ozt 6ZLE 9'199°L ¥'698'Z ‘€9l €T 0'88.C 96-AeN-+0
[loest L'ZIE 8889’1 1698 'Szl ¥4 0'€SP'Z 96-ReN-€0
floost S'8LE 8089'} 6LkL'e ‘Ghl Sl 0¥66'C 96-AeN-Z0
o111 8125 L'199'} cere'e ‘151 0l 08sZ'e 96-AeiN- 10
€ Zh 13 (13 8 14 3 31v0
SIONITTI 30 Q3HSYHILYM SIONITTI 40 SIONITH 40 AHOI3H 3OVO AYNYO 3HL 39VO qy003y 9661 AM
31V.IS 3HL OL |NVOIHDIN V1| 3LVIS IHL OL 31VIS 3HI 01 ITNAOINOY HONO¥HL | 3HL 3A08Y 39V ONUNNODDY
318VINNOCIDY | QALHIAIQ 3HL | 3T18YINNOCDOY | FTEVLINNOIOY 3HL WOYd MO4 SNOISY3AIQ WAY NOISH3AIQ
NOISY3AIQ WO¥4 440NNy NVOIHOIN NOIS¥3AID NOLLONG3a V1oL ITUNAOCINOY| NVYOIHOIW
103¥10 IV WONS vioL #is || TvioL IV
39vVdWNd - .
| aaivm

TSP Ul |1y) SMoTJ UORS.IaAIQ 10 Klewwns — 9661 Aei

9661 AM — Buiunoooy uoisieAiq uebiyoipy axe’




ol-v

mm.wnm L085') 1098} L'oge'y vl L€'y sabelony
lo°evs £01Z L YSY'T [FIT3 ZT 0.00'€ 96-unr-0g
'685 9'582 Z6r'T 0°080°¢ SY 0566 96-unr-62
0’819 0'/62 8'0EEC yIvr'e PE 0I¥E'E 96-unr-gZ
0'Z€9 29.E 8'1202C 8°199'7 L'E 0/S9C 96-unp-/Z
0'EE9 1'1L9E 0'996'L £°L08'c vz 0'65'€ 96-Unr-g2
0185 Sy S/€8°1 £oce'e €1l 0'66Z'€ 96-unr-s2
vy [ 5'128°1 6¥8L'C 0l 019€'E 96-unr+z
0'9ZY 6'€69 669 | 1'S9E'Y 9l 0'9EEV 96-unr-€2
0219 8'€0. £088'l 1'08§'E 0l 0Z8S'€ 96-unr-zz
0L L'¥20'L 16/8°1 ¥'80¥'y Z'l 0€09'y 96-unr-1Z
0°98Y SYiv'L 8°0/8'1 8¢9¢'y 60 0'899'% 96-Unr-0Z
096} £588'1 1'69L°L 1'259'y A 0€l0'S 96-Unr-61
0'81E 1'Z0P'E 17108} 6°199'LL 82211 80 0//1ZL | 96-unr-gi
010 £9€901 628.°1 0'996'y /€89 [sT 0589 96-unr-/ |
0 68Y Z'89.1 Zore’l yoce'e : 97 0025 96-unr-gi
0'6v9 £'605 €961 G B 1T 0/90'€ 96-unr-G|
lovze S'1.S 9/68'1 6°08S'C fitor Jolov'e [oz 0Sov'e 96-Unr+ |
lto'sv9 vZeL v'898| 9°ll6't T 60 02Z06'c 96-Unrt1
flo'szs 82001 L06L') ¥'166'¢ 80 0¥S0'y 96-unr-zi
lto'2ze 8962 | 8ZIL1 L'6L8'e 90 0.00'% 96-unr-| |
flo'isy 6918} 6°/69'| L'TIsL'y 90 09rS' v 96-unr-01
llovoe 8152 0°0£9'} ceoL'y %0 08lY'y 96-Unr-60
[o'18s €670’} P'v99°L 0'855'y v0 09%S'y 96-Unr-80
[lo'68L Al 0'CZL'L L'e6lL'y S0 0'/9€'Y 96-unr-L0
[lo" 158 Z'G6E'L [ 1'Z9¢'s L0 0'S2S'S 96-uUnr-90
[lo°'6tS ZP0S'L CibL') 1'£99'y 90 0'S86'F 96-Unr-G0
[lo°ser 1'802°C 00LL'} LLI6'Y L0 0/59'S 96-unr+0
[lo'sss 62091 EXz7A! 7'869'Y S0 0'SY6 ¥ 96-unr-€0
llo's¥s 08Er'T €/0.') 9Y6L'g 10 0109 96-uUnr-Zo
l0"8EY L8L1'E S'1ZL'L 80L9'9 50 0€/Z'9 96-unr-10
£l 143 123 ('] z 13 31va

SIONITI 4O Q3HSHILYM SIONITTI 40 SIONITTI 40 | T AYNVYO 3HL 39V9 ay¥oo3y 9661 AM
3LV1S 3HLOL |NVOIHOIN 3XMV1| 3LVIS 3HLOL | 31VIS 3HLOL ITNAO3WOY | HONOXHL | 3HL 3A08Y 39vO ONLLNNODOV
318VINNODIY | Q3LH3AIQ 3HL | 319VINNODDY | I18VLNNODIIY 3HL WO¥4 MOT4 SNOISH3AIQ WAY NOISH3AIQ

NOISH3AIQ WO¥4 440NNY NYOIHOIW NOIS¥3AIQ V1oL ITNAOINOY| NVOIHOIN

193810 NV WONHS aviol DIV
3OVdANd

(syo ul |1v7) smoj4 uoisiaaiq jo Alewwng — ggE|L aunf
9661 AM — Bununoosoy uoisiaaiq uebiyoiy axe




llsv2z 1'206'} voLL'T L'L6Y'Y 719 ks leuy L'y 2011 lzeey et Z0LLY sabesany
[lo'sze G'€Z0'} '298'| £8rT'y 86V e . jiviT SvE 8’18} lleozr'y |60 0'0Zv'y 96-INr-1€
[lo°gse 6812'€ 6058'| ¥let's 205} R R R lle'ees’'s g0 0'9€S'9 96-INr-0¢
fo'sie Y0P | 5998’} 9YOT'Y l£'9€S . leyoe SLE 068} vy |60 0'Liv'y 96-INr-62
llo-zz¢€ Bl 199L'} 1'929't '9zL L Zey €8 |s9ze lleszoy |60 0'820'F 96-INr-82
llo-o69 0,0, L'SS6'L L'sio'y ‘T9E -~ loooz S0  Jozoyk  Jop0v |90 0'Lp0'y 96-INr-L2
[lo'¥o6 8'6EY 68102 1'9¥6'c V¥LZ 0T SZy  lglol  le/es’e  [60 0'/88'€ 96-Inr-92
[o'ess L'1.S 286l 6'9EL'Y ‘9ET ZZE) Z8E 196 lleovo'y L0 0'0F0'y 96-Inr-s2
o262 9028 0v86'l 0'¥20'y '90€ LP0Z $'GE 085 lle'ses’s  [60 0'866'€ 96-INr+2
llowio'y €'£66 25002 z1z0's ‘198 €8l 9 662} lleoso’'s  [g0 0050'S 96-INr-€2
o622 0Z.5} €¥06'1 855y ‘119 60LE  164% b LSZ flzzve'y {20 0Zy8'y 96-INr-22
[losvo 6612C vpL'L 1°195'9 Z18 L0Sy  i2lE jes0e l9°090°2 |90 00902 96-Inr-12
(o681 0'ESS'E £188'L ¥'Z6l'L 'S56 6259 €0L L Secr's  |S0 0'€Zy'8 96-Inr-02
foziy SPE0'9 0'L¥6'L 1'S0L'Ch 894"} lrese  isv:  laszi S/PE'EL S0 0'Lp6'El | 967INr-61
[ove 1'602'91 S'Z06'L £9s¥'sh '980'% jecoee {960  [gT0l LEOZTLL [V 020ZLL | 96-Inr-8l
[lov6z 6'68€'9) 8151’ 0°'695'Y 'Z99'E _« BpS' n 6'EE 00L  leelR. [61 0848 96-Inr-LL
|lo°ses Yz} [XIF44 £ro¥'s EEL 2 3 : ~ |wsoze  Jre 072T0Z'E 96-Inr-gi
{lo'6s8 9'€Se 06942 6'699'7 €22 lozssz  |9¢€ 0'6vS'Z 96-Inr-G1
[lo'996 098l 9662 L'ShL'S 961 l9€6C |92 01462 96-INr1
o656 LEL 8'GBE'Z £'89¥'c Yol L 6.2 L€ 0TiTE 96-INr-€4
flo'o68 L98 606E'Z 9'706'Z S5l LBLLT  LE 09142 96-INr-Z1
006 8'66 £'89€'C Lyel'e ¥61 losse'c  |9C 0967 96-INr-1 1
fo¥ie ¥'S6 1'6LZ'T £920't 59l 1587 g1 0058'C 96-INr-01
[lo'oce 1’98 1'99Z'C ¥'¥.L0'e ‘091 llLoe.'z |1} 0'568' 96-INr-60
[logLs Vil L6EV'T 6'980'C ‘0£Z 1'696'C [LT 0/96'T 96-Inr-80
[lo'2s6 5’501 6'ESY'Z 0'6Zg't eFl soel'e  [sT 0'8ZL'E 96-Inr-20
0’696 6'6E1 SIVET £'292'¢ 191 fleisoe  [z¢ 0'8/0'€ 96-INr-90
[lozes L'6EL v'8€Z'2 L'ozi's vLL fozes'z  |oe 0'656'Z 96-Inr-50
flozzo's v's8l SYZL'T 0'80L'¢ '0€C ‘900t [z2 0700'E 96-INr-0
[lozoo's 9'981 8081°C 0'962'c %4 ssLL'e sz 0€LlL'E 96-Inr-£0
flo'es6 6691 £581Z g'L6e's 591 LecZ'e L2 0'12Z€ 96-Inr-20
flozse 8012 0'68€'Z 9'.£2'c ‘8¥Z leerl'c |62 0grl'E 96-INr-10
13 (13 b (13 8 € 14 b 3lva
SIONINTI 40 J3HSYILYM SIONIT 40 SIONITI 40 QY¥003y 39VO | TYNVYO 3HL Jov9 Qyoo3y 9661 AM
31V.1S 3HL OL [NYOIHOIN 3XV1| 3LvIS 3HLOL 3LV.IS IHL OL 3 3TNAOINOY HONO¥HL | 3HL 3A08Y 30VO ONLLNNODOV
318VINNODIV | 3LH3AI0 3HL | 3718VINNOCOOY | 3TEVINNOIIVY ) 3HL WOXd MOT4 SNOISY3AIQ WAV NOISH3AIQ
NOISH3AIQ WO¥H 440NNY NYSIHOIN NOISH3AIQ NOWoNa3a VLOL ITNIAOCINOY| NVOIHOIW
103410 VI WOXL IvioL i IViOL IV
ERLL Ll .
/

(sjo ui __< @so_n_ co_m_mzm 10 meE:m mmm:_%
9661 AM — Bununoooy uoisiaAig uebiyoipy exe




ezeo' L 0'85E £SEL'T 8'8Ys's £ Zovb'e | sebeiony
floeat’s 8'€9 1'681'C 8'8¢L'e 8¢ 0'600'C 96-bny- 1€
[lozaL’y £19 5002C 0'98Z'c oY 0ZEL'E 96-Bnv-0¢
[loswLy Z'S 1'194'C 0Z9k'c Y 0'/86'C 96-bny-62
flovsti't 0.5 L'ESL'T 6'SL¥Y'E V'y 0v9Z'e 96-bny-82
flo'soL L9 £251C 1'L8¥'C 0t 00rE'e 96-bny-/z
[loeso’s Z'S 89EL'T 1'¢Zs'e 6€ 0'lEE'e 96-bnv-9z
[lo"zs0's z9l T'800T £'Zyo'y S€E 0'198'€ 96-bny-s2
{loor0’L L'622 02002 £506'C £y 0'€66'C 96-bnvyve
florer’y £958 51961 Yrvr'y vy 0295y 96-bny-€2
flo'sis 0996'v 8'62ZC 0'L¥v'y 0y 0'/SEY 96-bny-zZ
lo'ses ¥0l S664'T Tyee'e 9'€ 0'961'E 96-bny-12
[lozzo' 1’66 8'680'C 6'726'C 6€ 041127 96-bny-0Z
[locag 186 0Z€0'T 0'LLL'E 'y 0'€S6'C 96-Bnv-61
o182 v'6Ll LvP0'T z’1es'e L€ 06lr'E 96-bnv-g1
floseL't 069 LyoL'T 1'e9Z'c 0¢ 0v60'E 96-bny-/1
floest’y 108 L'8SL'T £'99¢'c Ve 0€ELL'E 96-bNy-g
o661 SELI TPLL'T 9'6Z¢'C [ 0'12Z'c 96-bny-G|
flo'z20's 59zl 0'9EZ'T 9'¥sl'e o 1'S20'e [1¥ 0'120'€ 96-6Ny+ |
fozei'y 9011 0SPZ'T 6'8SY'C c¥r 655 1’882t [1'¥p 0p8Z'c 96-Bny-¢ 1
o691 6€El 1'10L'T 9LLL'E (X 258 lleoo0’e [ee 0'€00'E 96-bny-z|
[losaL'L 6021 8'vZ6' L ¥'00L'C s jogs floges'c [9¢C 0'99S'€ 96-bny- |
floLzLy 9'LEl 8'880'C L'106'C 685 iy vioLe |vT 0'G9L'E 96-bny-0}
[losey 202 £¥60'T 9'05¢'t 675 vZS lkezz'e [z2 0.22'¢ 96-Bnv-60
[osie ZS0L P'ELL'T Z'9¥8'c 8'8p 9SGl [£'696'c  |€€ 0796'€ 96-bny-g0
llo'esz ¥'90€ Z€95C £€99'C LS €275 L'e/S'E Ly 0'695'€ 96-Bny-20
llo'esi’t L'SEE LOY'T 7' L65'C 018 v 10} 9195t (92 0'655'€ 96-Bny-90
loeeg £'802 1'10E'T 1'88¥'t V1S LS floeiee Joe 00.E£'€ 96-bNy-50
fo¥L0'L Z'192 6680 §°292'¢ 1’85 16 lo6re Joe 0v6L'E 96-Bny+0
[o'#00"1 9'90¢ £210C 8198'¢ 965 €68 18'LLL'e |8} 09.L'€ 96-bnv-£0
[lo'c66 v'86€ v'¥66' | ¥'559'C B £2Zr l6CLS'e (60 02Z.5'€ 96-bny-Z0
0'€00'} 8'8/5 0068} TH0E'Y 555 119 8’162y (80 062y 96-6ny- 10

€ (1] kb 0k 8 b ¥ € [4 } 3lva

SIONITI 40 Q3HSYILYM SIONITTI J0 SIONITI 4O QYOOI IOVO|TYNYD IHL 0L} TYNYD JHL | TYNYD 3HL : TYNYD 3HL IVNVYO 3HL 39v9 a¥003y 29661 AM
31V1S SHLOL [NVOIHOIW 3XVY1| 31viS 3HLOL 31VIS 3H1 0L 3TNACINOY || IIDHYHOSK] | ONIHOVEM | ONIHOVIY - QLN HONO¥YHL | 3HL 3A08Y 39vO ONILNNODOV
J18VINNODIY | A3LH3AIQ IHL | 318VINNODOY | 318VINNODOVY IHL NOXA4 SILHOYS - {GIHSHIIYM] YNVIONE | O398VYHOSK MOT4 SNOISH3AIQ WAY NOISH3AIQ

NOISY3AIQ WO¥H 440NNY NVOIHOIW NOIS¥3AIQ NOILONA3a swama.rm HIAN WOXS 3OVaNdG AviOL ITNAO3IWNOY| NVOIHDIW

123M1a IV WONS IviolL IViOL FOVINNG mmwv.m%n IOVdANG E(gﬁ DV
39vdWNd Nvowrow | suwond | Aldans |
DIV AAONMM HAIVM i

(sjo ui __S SMO|4 UOISIaAI

a jo Aewwng — 966 1snbny

9661 AM — Bununoooy uoisiaalq uebiyoipy axe




froso't Z9l9 9'%Z6'L 9°8¢9'¢c 62 Z'909'c sabesany
fo 288 €€0l z99L'} £9Zy'e ST 06YZ € 96-des-0¢
foiss 5202 8'6/9't 8'9/8't Z2Z 02LL€ 96-d95-62
fo¥ss 022S Z'90L'} 918L'Y 8l 0/St'y 96-dos-82
flocos 9'010C LYOL') 102, (4 0015'L 96-d9s-/7
flo'6es L'E86'6 9oL cBIT'Y fLewr's (L1 0'8.F'S 96-d9S-92
flo 106 S'85 Z'608'L 8'80L'C fecooe |62 0'100'€ 96-des-6Z
fo's¥6 02 9'e6L’) Lie'e f1ee0’e [I€ 0'SE0'E 96-das+Z
llo-oos 5'9S 6'698'L 6'8SL'C . Ivl0e [pe 0PLO'E 96-das-£Z
[to'966 Z'SE 6'128'L CZry'e lozize oy 0'89Z'€ 96-das-zZ
fio'os6 X3 £128'L 9°Z50°C vsesz [1z 0'€88'C 96-das-1z
fovese ¥'SC }'€88'L T'eL6'T 92 09.LLT 96-das-0z
lo's66 819 9'826'l 1'686'C 0¢€ 0588C 96-des-61
flosel’s £ #'G06'L 0°LLT'C 62 0'€60'E 96-des-g1
flozoz’L 9'0€ £168'L 6'96Z'C vz 06ZL'E 96-das-/|
foest't 029 878t 0°89Z'¢C 02 0691’ 96-das-9|
fosai’L €75 8'96.L'} §°108'S Ll 0'LlL'E 96-das-G|
fosal’L £e E£vig'l 696¥'C 61 0ZIEE 96-das+ 1|
foziL'L 6.9 Pi8'L L'9LL'S 61 019 96-das-£1
foase’t zorl 8vE.'l g'are'y gl 06L'Y 96-das-z|
fovso't L'6ZL'L 9'/¥6'L ¥'83L'c L€ 0vZE'Y 96-095-1 |
foo€’t 665 Z'896'l 9°600'Y SE 0'628°C 96-d95-01
flo'eso’s L9l P vE6' | £'Z0¥'c €€ 0'SZ9'E 96-d95-60
flozes L'6SZ'T L'€E86'L ¥'208'c 62 0'€98'E 96-d95-80
floevo’t SLZL Z2'€60C 6'969°C 8¢ 0'€E9'E 96-d85-/0
ffo'sez’s 8'0v 1'952'T 0°s¥9'c L€ 0/9¥'€ 96-das-g0
flozez't S'EE S'192'C ¥iLS'c 6'¢ 0'0EE'Ee 96-das-60
llootz't L'L6 0592'2 yZIz'e L€ 0°180'E 96-das+0
llozal't £29 L'0E2'2 £'eLL'e g€ 0'G8S'E 96-d9s-£0
flo'isz’t S'Ee 8212'C Z'0sk'e 8¢ 0'SS6'T 96-d9S-20
fo v’y Sy L6PL'T 0'¥99'c 8'E 0'8.b'E 96-d8s-10

€1 (43 1] 13 [4 3 31va

SIONITI 30 A3HSHILYM SIONIT 40 SIONIT 40 IVNYD 3HL 39VO Qy0o3d 9661 AM
31VIS 3HL OL [NVOIHIIN 3XV1| 3LVIS IHL OL 3lViS 3H1I 01 ITIAOIWOY HONOXHL | 3HL JA08Y 39VO ONLLNNODOV
JI8YINNODOY | A3LH3AIQ IHL | 31GVINNODJY | FTEVINNODIVY 3HL WO¥d MO SNOISH3AIQ WAV NOISY3AIQ

NOISH3AIQ WO 430NNY NVYOIHOIN NOISH3AIQ NOLWDNA3a IViOL FTUAOINOY| NVYOIHOIW

103¥10 DIV NOYA TviOL Vi) iV
39VdANd woud | Alddns
| ‘ son | wsivm

(S§0 Ul ||y) SMO|4 UOISIBAIQ

o Kiew

wng —

9661 Joquiaides

9661 AM — Buiunoooy uoisiaAlq uebiyoiy axe













