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INTRODUCTION

The Corps of Engineers is responsible for monitoring the
measurement and computation of the diversion of Lake Michigan
water by the State of Illinois. The measurements and
computations for Water Year 1983 (WY83), WY84 and WY85 (1 October
1984 through 30 September 1985) were performed by the
Northeastern Illinois Planning Commission (NIPC) for the
Illinois Department of Transportation (IDOT). Prior to the wys3
report, the calculations were made by the Metropolitan wWater
Reclamation District of Greater Chicago (MWRDGC) for IDOT. The
Corps reviewed, modified, and updated the WY84 and WY85 diversion
accounting performed by NIPC. This report represents the final
Lake Michigan diversion accounting for both WY84 and WY85.

BACEGROUND

Prior to the 1983 accounting report, diversion accounting
was performed by the MWRDGC in monthly hydraulic reports. As
required by Supreme Court 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
sanitary and ship canal. Because not all of the deductible flows
could be measured, MWRDGC used flow records from gaged areas to
get typical flow values and then extrapolated to arrive at the
total deduction.

The State of Illinois contracted with NIPC, to refine the
diversion accounting calculations and at the same time the state
moved from monthly hydraulic reports to annual accounting
reports. NIPC adapted previously developed computer models of
the majority of the diverted Lake Michigan watershed and the Des
Plaines River watershed 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 water budgets were developed
around each of the gaged areas to verify the models. The budgets
aid in identifying problem areas in the procedure. The computer
models adapted by NIPC for diversion accounting were developed in
conjunction with studies in Northeastern Illinois under Section
208 of the Federal Water Pollution Control Act Amendments of 1972
(PL 92-500). The procedure developed by NIPC is a significant
improvement over the previous approach because of the more
rigorous approach and because of the verification provided by the
water budgets.

As required by Supreme Court Decree, a three member
technical committee is convened every five years to evaluate the
diversion accounting program to ensure that the accounting is
performed according to the best current engineering practice and
scientific knowledge.



The first technical committee was convened during the period
that the diversion accounting was performed by MWRDGC and 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). Also in response to the
Committee's concerns, the State of Illinois installed an Acoustic
Velocity Meter (AVM) at Romeoville five miles upstream of
Lockport. The AVM is a highly accurate flow meter which 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.

Through the life of the AVM there have been periods when the
equipment malfunctioned. To provide flows during periods of
malfunction, various regression analyses were performed to relate
the MWRDGC reported Lockport flows to the AVM flows. The report
presenting the most current regression equations was completed
September 1989 (USACE,1989).

The second and most recent technical committee reviewed the
NIPC hydrologic and hydraulic computer models and agreed that the
approach was consistent with what was required by 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 (C. B. Burke Engineering Ltd.) in September of 1988 to
review and update the modeling parameters.

The Water Resources Development Act of 1986 gave the Corps
of Engineers full responsibility for computation of the Illinois
Lake Michigan diversion as of 1 October 1987. At the time that
the new responsibility became effective, the WY84 diversion
accounting report, developed by NIPC, had not been certified. As
a result, the Corps was responsible for the WY84 and all
subsequent reports.

NIPC completed the WY84 diversion accounting report in April
of 1988 and it was subsequently reviewed by the Corps. The Corps
found the report to be adequate with two exceptions. First, the
1984 accounting was performed with the modeling parameters
questioned by the second technical committee. Second, MWRDGC
reported Lockport flows, adjusted using the WES rating curves,
were used rather than 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 WY84 report
until these issues were resolved.



NIPC completed the WY85 diversion accounting report in
December of 1988 and the report was reviewed by the Corps. Like
the WY84 report, the WYB85 accounting was performed with the
modeling parameters questioned by the second technical committee.
Additionally, NIPC used the AVM flows published by the U.S.
Geological Survey (USGS) in their WY85 Water Resources Data for
Illinois report. Since the publication of the WY85 USGS report,
more reliable equations have been developed for calculating flows
when the AVM was malfunctioning.

Upon completion of the analysis of the modeling parameters
by Burke, the WY84 and WY85 diversion flows were recalculated
using the revised modeling parameters and Romeoville AVM flows.
This report represents the Corps' WYB4 and WY85 diversion
accounting and certification of the WY84 and WY85 Illinois
diversion. .

AUTHORITY

Under the provisions of the U.S. Supreme Court Decree in the
Wisconsin, et al v. Illinois et al, 388 U.W. 426,87 S.Ct. 1774
(1967) as modified 449 U.S. 48, 101 S.Ct. 557 (1980), the Corps
of Engineers is responsible for Monitoring the measurement and
computation of diversion of Lake Michigan water by the State of
Illinois.

The Water Resources Development Act of 1986 gives the Corps
total responsibility for the computation of diversion flows as
formerly done by the State of Illinois. The Corps' new mission
became effective 1 October 1987.

REPORT ORGANIZATION

The Diversion Accounting is presented first which includes a
description of the accounting procedure, revisions made to the
WY84 and WY85 accounting coriginally performed by NIPC, and final
the WY84 and WY85 accounting results. Then a discussion of the
diversion accounting results is presented in which the accounting
components are discussed in detail and accounting verification is
discussed. Subsequent to the component and verification
discussions, potential improvements to the accounting system are
reviewed. Finally a summary of the accounting and discussions is
presented. Monthly summaries of the WY84 and WY8B5 diversion
accounting are included in this report and daily values of the
accounting are included as Appendix Bl. The NIPC WY84 diversion
accounting report is included as Appendix B2. The NIPC WY85
diversion accounting report is included as Appendix B3.



DIVERSION ACCOUNTING

The WYB4 and WY85 accounting reports were initially prepared
by the Northeastern Illinois Planning Commission. However,
because of the use of modeling parameters guestioned by the
second technical committee and because of the lack of use of AVM
derived flows in WY84 and the outdated regression equations used
in WY85, the Corps of Engineers recalculated the diversion for
the two years. In the following paragraphs, a general
description of the accounting procedure is given followed by a
discussion of the differences between the NIPC report and this
report. The results of the accounting are then presented.

ACCOUNTING PROCEDURE

The Lake Michigan diversion accountable to the state of
Illinois is calculated by measuring the flow in the Sanitary and
Ship Canal at Romeoville near Lockport and deducting flows that
do not constitute Lake Michigan diversions and diversions that
are not accountable to the State of Illinois. 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,
runcff from the Des Plaines River watershed that is discharged to
the canal, Lake Michigan water supply pumpage from Indiana that
is discharged to the canal, and water supply pumpage from Lake
Michigan used for Federal facilities that is 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.

Formerly the diversion accounting was based on the Lockport
record. However on 12 June 1984, the AVM at Romeoville Illineois
became operational and beginning with WY84, the diversion
accounting will be based on the Romeoville record.

The diversion accounting results are presented as a series
of columns which are listed in table 1. The first three columns
compute the flow in the Sanitary and Ship Canal. Columns 4
through 8 present the deductions from the Canal system flows and
Column 9 presents the additions to the Canal system record.
Column 10 presents those diversion flows which are for Federal
purposes and are a deduction from the Canal system record.
Column 11 is the computed Lake Michigan diversion accountable to
Illinois and is egqual to the canal system flow minus the
deductions plus the additions. Columns 12 through 14 are
independent flow estimates for the three sources of diversion:
water supply pumpage from Lake Michigan, runoff from the diverted
Lake Michigan Watershed, and direct diversion through the
lakefront structures. Columns 12 through 14 are not used in the
diversion calculation but are included as another estimate of the



COLUMN

10

11

12

13

14

TAELE 1

COLUMN FUNCTIONS

I ON
Romeoville Gage Record
Diversion Above Gage
Total Flow Through Canal

Ground Water Pumpage from Lake
Michigan Watershed in Illinois

Groundwater Pumpage from Des
Plaines River Watershed

Water Supply Pumpage from Indiana
Reaching Canal

Runoff from Des Plaines River
Watershed Reaching Canal

Total Deduction from Romeoville
Gage Record

Lake Michigan Pumpage not
Discharged to the Canal

Federal Facilities Lake Michigan
Withdrawals Discharged to the Canal

Total Diversion

Pumpage from Lake Michigan
Accounting to Illinois

Runoff from the Diverted
Lake Michigan Watershed

Direct Diversion Through Lake-
Front Control Structure



diversion for verification of the accounting flows in column 11.
The sum of columns 12 through 14 should theoretically equal the
flow in column 11.

In addition to the diversion calculations presented in the
14 columns, 13 water budgets are prepared as input to the
diversion calculation and to verify the estimated flows that
cannot be measured. Many of the budgets compare simulated to
measured flows. These verification budgets give an indication of
the accuracy of the diversion accounting and indicate changes in
the watershed when measured and simulated flows begin to diverge.
Budgets 1 through 3 do not compare simulated to measured flows
but are summations of critical water supply pumpage data.
Budgets 4 and 9 through 11 also do not compare simulated to
observed flows but are streamgage records at several sites
tributary to the Sanitary and Ship Canal. These budgets are used
to calculate a portion of the runoff from the diverted watershed
which is used as input to Column 13 "Runoff from the Diverted
Lake Michigan Watershed". Budgets 5 through 8 and budget 12
compare simulated and measured flows at MWRDGC Water Reclamation
Plants (WRP) that discharge to the canal system and at a pump
station that is tributary to one of the WRPs. Budget 13 compares
canal system inflows and outflows. The budgets are listed in
table 2 and a discussion of the budget balances is presented in
a subsequent section of this report. The accounting procedure is

described in detail in the Lake Michigan Diversion Accounting
‘Manual of Procedures, (NIPC, 1985).

The Lake Michigan diversion accountable to Illinois is
limited to 3,200 cfs over a forty year averaging period. During
the forty year period, the average diversion in any annual
accounting period may not exceed 3,680 cfs except in any two
accounting periods in which the average diversion may not exceed
3840 cfs as a result of extreme hydrologic conditions. During the
first 39 year period, the maximum allowable cumulative difference
between the calculated diversion and 3200 cfs is 2,000 cfs-years.
These limits apply to the period beginning with WYs81.

ACCOUNTING REPORT REVISIONS

The WY84 and W¥85 diversion accounting performed by NIPC was
reviewed extensively and all aspects of the diversion were
recalculated. As a result of the review and recalculation, the
accounting report has been revised. The revisions are the result
of concerns expressed by the second technical committee and
concerns of the Corps. The revisions are discussed below. The
first two revisions, updating of the computer modeling parameters
and updating of the Lockport flows, affect the calculated
diversion. The third revision, reinstitution of the Upper Des
Plaines pump station budget, impacts the verification of the
simulation models. The final revision, reorganization of the
diversion accounting calculation column functions, is a
formatting change.
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TABLE 2

WATER BUDGETS

Description

Lake Michigan Water Supply

Groundwater Supply Lake Michigan Watershed
Groundwater Supply Des FPlaines Watershed-
North Branch Chicago River at Touhy Avenue
Northside Water Reclamation Plant

Upper Des Plaines Pump Station

West - Southwest Water Reclamation Plant
Calumet Water Reclamation Plant

Little Calumet River at State Line

Thorn Creek at Thornton

Little Calumet River at South Holland
Lemont Water Reclamation Plant

Lockport Powerhouse and Controlling Works
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The second technical committee, assigned to review and
evaluate Lake Michigan Diversion Accounting, found that
information from studies concerning the hydraulics of the MWRDGC
service area, more recent than NIPC's data, had not been included
in the diversion accounting models. The committee also found
that some areas known to be served by separate sewers were
identified as combined sewer areas. To address the committee's
concerns, the Corps entered into a contract with C.B. Burke
Engineering Ltd to review the drainage areas in the Des Plaines
River watershed and the assumptions concerning the amount of
runoff entering the sewers.

Burke reviewed the most recent reports that were developed
in conjunction with design of the Chicago Tunnel and Reservoir
Plan (TARP) and reviewed MWRDGC sewer atlases to identify
combined and separate sewer areas. In the Des Plaines River
watershed, 20 square miles of area previously identified as
having combined sewers were found to contain separate sewers.

Burke also reviewed flow monitoring data and Upper Des
Plaines pump station data to evaluate the estimates of surface
and subsurface runoff entering the sewers. Subsurface runoff
entering the sewers is termed infiltration while surface runoff
entering the sewers is termed inflow. Infiltration and inflow
together are termed I/I. Burke confirmed that in combined sewer
areas all surface and subsurface runoff enters the sewers.
However it appears that more runoff enters the separate sewers
than was originally estimated by NIPC. The flow monitoring data
indicated that more than 100% of the available subsurface runoff
was required to properly calibrate to the observed infiltration.
This indicated a deficiency with the runoff generating model
which was not updated by Burke. 1Instead, the hydraulic model
parameters, which sum the runoff components, were revised to
compensate for the deficiency. The percentage of area producing
and contributing subsurface runoff was increased from 45% to
100%. The amount of impervious surface runoff entering the
sanitary sewers was increased from 2.5% of the surface area to 5%
of the surface area to adequately model the inflow entering the
sewers. The revised percentages were applied to each of the
simulated areas in both the diverted Lake Michigan and Des
Plaines River watersheds and in each of the MWRDGC water
reclamation plant service areas. The results of the analysis and
justification for changes in the runoff percentages is presented
in the report v i A

Modification (Burke, 1989).

The change in modeling parameters, discussed above, impacts
the calculated diversion. It primarily impacts the deduction for
Des Plaines watershed runoff discharging to the canal. In the Des
Plaines watershed, only runoff that enters the sewer system is



discharged to the canal. Runoff not entering the sewer system or
overflowing out of the sewer system during high flows, discharges
directly to the Des Plaines River which drains to the Illinois
waterway, downstream of Romeoville. Designating areas previously
thought to be served by combined sewers as area having separate
sewers reduces the simulated runoff entering the sewer system
while increasing the percentage of flow entering the separate
sewers increases the simulated runoff entering the sewer system.
The net affect of these offsetting revisions was to increase the
WY84 Des Plaines watershed deduction by 18 cfs and the WY8S
deduction by 19 cfs.

In the Corps' review of the WYB4 accounting it was
discovered that 28 square miles of drainage area in the western
portion of the Lake Michigan watershed was included in the
calculation of the Des Plaines watershed deduction. Excluding
this area from the calculation decreased the WY84 and WY&85
deductions by 28 cfs.

Lockport/AVM Flows

Prior to 1984, flows recorded by MWRDGC at the Lockport
facility were used in the diversion calculation. In response to
the first technical committee's concern for the inaccuracy of the
MWRDGC flows, WES revised the rating curve for the sluice gates
located at the power house. They also revised the rating curve
for the controlling works sluice gates located approximately two
miles upstream of the power house. WES found that the MWRDGC
rating curves for both sets of sluice gates were over reporting
flows.

Because of the extremely complex hydraulics of the flow
through the two sets of sluice gates, the lack of data to
adequately define the flow through the sluice gates, and
questions regarding the accuracy of the rating of the Lockport
turbines, an AVM was installed at Romeoville. The AVM became
operational 12 June 1984. To calculate flows for periods of AVM
malfunction the USGS developed a set of regression equations.
These equations used daily Lockport flows reported by MWRDGC to
estimate daily AVM flows. The USGS equations were used to
calculate WY85 flows during periods when the AVM was
malfunctioning. Subsequent to the USGS equations, various other
groups developed equations for the same purpose. Recently, the
Corps developed regression equations (USACE, Chicage District,
1589) for the dual purpose of calculating flows for periods of
AVM malfunction and for the period of Water Year 1984 prior to
installation of the AVM. In the report it was found that the
regression equations provide the most accurate available
estimate of the Sanitary and Ship Canal flow. The equations were
tested using a 144 day verification period in which the average
error was 0.9% and the standard error was 3.2%. The report
presenting the regression equations was reviewed by the U.S.



Geological Survey (USGS) and the Hydrologic Engineering Center
(HEC), the hydroclogic research group of the Corps. The USGS and
HEC endorsed the equations and agreed that the equations would
provide the best estimate of the Lockport flow prieor to
installation of the AVM at Romeoville.

The regression analyses, confirmed what was suggested by
WES. The MWRDGC rating curves for the two sets of sluice gates
were over reporting flows. However, the regression analysis also
indicated that the MWRDGC rating curves for the Lockport turbines
were significantly under reporting flows. Because of the
relatively infrequent use of the sluice gates, the impact of the
sluice gate rating curves over reporting flows is much less than
the impact of the turbine rating curves under reporting flows.
In general, the MWRDGC rating curves under report the Lockport
flow. However, the amount of under reporting depends on the
magnitude of the flow and which components are in operation.

In their 1984 accounting report, NIPC calculated the canal
flow using the MWRDGC turbine flows and the WES sluice gate
rating curves. In this update of the WY84 accounting the AVM
flows at Romeoville are used for the period after 12 June 1984
and the regression flows are used for the period prior to 12 June
1984. The use of the AVM and regression equations resulted in a
314.4 cfs increase in the calculated diversion for WYs84.

In their 1985 accounting report, NIPC used the Romeoville
flows published by the USGS. However since the time of the USGS
pPublication, the regression equations were updated by the Corps.
In this update of the WY85 accounting, the Romeoville flows were
recalculated using the updated regression equations for the
periods of AVM malfunction. The use of the updated equations
resulted in an increase in the calculated diversion of 0.6 cfs.

u s Plaij S

NIPC had found during preparation of the 1983 accounting
report that the upper Des Plaines Pump Station flow meter did not
appear to be accurately recording flows. In their WY84 and WY85S
accounting reports, NIPC recommended that the Upper Des Plaines
pump station budget be discontinued.

During preparation of data for the modeling parameter
evaluation contract, the Corps found that the pump charts for the
upper Des Plaines pump station had not been digitized and weekly
flow values had been used in the past. The Corps digitized the
charts and compared the flows to precipitation records and to
NIPC's simulated flows. The Corps found that the pump station
flow meter appeared to be operating correctly. However, the
meter has not received any maintenance in over 20 years and
requires calibration. The calibration will either show that the
meter is currently recording flows accurately or that some

10



adjustment to the recorded flow will be necessary. Because the
meters are working properly and will be accurate after
calibration, the upper Des Plaines pump station budget will
continue to be used.

The pump station budget is used to verify simulated flows.
However it has no direct impact on the diversion calculation.
Thus use of the pump station does not result in any change to the
calculated diversion for WY84 or WY85.

Column Functions

In NIPC's report, columns were included for sewer induced
groundwater infiltration in Illinois and in Indiana. The U.sS.
Department of Justice disallowed these deductions, however, the
State of Illinocis continued to show these columns for
informational purposes. These two columns are no longer
included.

As was mentioned in previous sections, Lake Michigan water
supply for Federal facilities is a deduction. In the past these
deductions were included in the column entitled "Lake Michigan
Domestic Pumpage not Discharged to the Canal (W/ Adj.)"™. For
this and subsequent reports, deductions for use by Federal
facilities are shown in a separate colunmn.

ACCOUNTING RESULTS

As discussed previously, the diversion accounting is
presented as a table of columns. The WY84 diversion accounting
is presented in table 3 and the WY85 diversion accounting is
presented in table 4. The results of the WY84 and WY85 diversion
accounting as well as the difference between the present and NIPC
accounting values are presented here. A detailed discussion of
the values in the individual columns is presented in the
discussion of accounting results section of this report.

Table 3 shows a total WY84 Lake Michigan diversion
accountable to the State of Illinois of 3,431.5 cfs (Column 11).
This is 231.5 cfs greater than the 3,200 cfs average specified by
the Decree. The 40 year running average beginning with WY81 is
3309.4 cfs and the cumulative deviation from the 3,200 cfs
average is -437.6 cfs-years. The negative cumulative deviation
indicates a water allocation debt and the maximum allowable debt
is 2,000 cfs-years.

Table 4 shows a total WY85 Lake Michigan diversion
accountable to the State of Illinois of 3,472.5 cfs (Column 11).
This is 272.5 cfs greater than the 3,200 cfs average specified by
the Decree. The 40 year running average beginning with WYs1l is
3,342.0 cfs and the cumulative deviation from the 3,200 cfs
average is -710.1 cfs-years.

11
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The changes made by the Corps as discussed in previous
paragraphs affect the numbers in columns one, seven, ten, and
eleven. The first column is the Romeoville (or Lockport) record
as recorded by the AVM and calculated by the regression
equations. As stated previously, the WY84 AVM flow is 314.4 cfs
greater than the Lockport flow recorded by MWRDGC and as
calculated from the WES rating curves. The recalculated WYS85
Romeoville flow is 0.6 cfs greater than the NIPC WY85 Romeoville
flow.

The seventh column is the runoff from the Des Plaines River
watershed reaching the canal. The Romeoville deductions in this
column are based on computer model simulations with the revised
modeling parameters discussed previously. The change in modeling
parameters caused a decrease in the WY84 deduction of 10.7 cfs
and a decrease in the WY85 deduction of 10.1 cfs. -

The new Column, Column 10, is the deduction for Lake
Michigan water used by Federal facilities. Also included in this
column, for WY84, is a deduction for an emergency diversion. oOn
September 1-5, 1984, the Corps requested and received an
emergency diversion to alleviate critically low water levels in
the LaGrange Pool. This diversion averaged approximately 3,000
cfs for five days. The value of 401.1 cfs for September reflects
this event. The 400.0 cfs emergency diversion for September was
equivalent to an average annual flow of 32.8 cfs. The Corps
recommends that this flow not be included in the 3,200 cfs
allocated to the State of Illinois and, as such, it has been
shown as a deduction. The total WY84 deduction in column 10 is
34.2 cfs. The WY85 deduction for federal facilities is 2.1 cfs
and consists of no emergency diversions.

The eleventh column, the Total Diversion, is equal to the
Romeoville record minus the various deductions plus the various
additions. The conversion to the Romeoville record and the
revision of modeling parameters resulted in an increase in the
calculated WY84 diversion from 3,105.4 cfs to 3,431.5 cfs, a
difference of 326.1 cfs. The increase in the calculated WY8sS
diversion is from 3,461.6 cfs to 3,472.5 cfs, a difference of
10.9 cfs.

The remaining columns were unchanged from the NIPC report
but are discussed in detail in the discussion section below.
DISCUSSION OF RESULTS
The following is a discussion of the column functions and
water budgets. The discussion of the column functions describes

the purpose of each column as well as some observations on the
WY84 and WY85 values in the columns. The discussion of the water
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budgets presents the purpose of each budget and the results of
the budget flow balances. The results of six of the water budgets
are used in the diversion calculations and the remaining budgets
are used to verify the diversion simulation models. The
verification budgets compare simulated to measured flows. The
columns are discussed first followed by the discussion of the
budgets.

COLUMNS

The columns display the components of the diversion
calculation and include the Romeoville flow as well as the
various deductions and additions teo the Romeoville record. The
final three columns display the three diversion components (Lake
Michigan pumpage accountable to Illinois, runoff from the
diverted watershed, and direct diversion through the lakefront
control structures) and the sum of the three columns should
theoretically equal the Romeoville based diversion calculation.
A comparison of the sum of these three columns to the calculated
diversion is presented in the discussion of Columns 12 through
14. Table 1 is a list of the 14 columns. Tables 3 and 4 are a
summary of the WY84 and WY85 diversion accounting calculations,
respectively. A detailed discussion of each of the columns is
presented in the following paragraphs.

Column ] Romeoville Record

The discharge at Romeoville for WY84 was 3,790.6 cfs as
measured by the AVM and calculated from the regression equations.
This flow is 314.4 cfs greater than the Lockport flow reported by
NIPC. NIPC reported that the WY84 flow was typical of long term
averages.

The Romeoville discharge for WY85 was 3,789.4 cfs as
measured by the AVM and calculated from the Corps updated
regression equations. This flow is 0.6 cfs greater than the
Romeoville flow reported by NIPC.

The regression equations were used to calculate the AVM
flows for the period prior to 12 June 1984 (1 October 1983
through 11 June 1984) before installation of the AVM. Subsequent
to installation, the AVM flows were used for the majority of the
period 12 June 1984 through 20 March 1985. On 21 March 1985, the
AVM transducer cables were cut by a barge. Upon repair of the
cables, various system and calibration problems with the AVM
equipment existed and the AVM was malfunctioning for the
remainder of WY85 (21 March 1985 through 30 September 1985).
Thus the regression equations were used for WY85 after 20 March.
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Column 2 Diversions Above Gage
Argonne Laboratories was the only diversion of Sanitary and
Ship Canal water upstream of the Romeoville gage in both WY84 and

WY85. Argonne reports measured daily withdrawals and the
average withdrawal for both WYB4 and WYBS5 was 0.4 cfs.

Column 3 Flow T a

Column 3 is the sum of columns 1 and 2 and represents the
total flow entering the canal system. The average WY84 canal
flow is 3,791.0 cfs and the average WY85 canal flow is 3,789.8
cfs.

Co oundw ake ichi
Waters in I eachj

Column 4 is the effluent whose source is groundwater water
supply pumpage by communities, as reported by the State of
Illinois, and the annual pumpage by industrial and other private
users as reported by the Illinois State Water Survey (ISWS).
Several south suburbs that previously used groundwater supplies
converted to Lake Michigan water in WY84 decreasing groundwater
usage 1.7 cfs (3%). Column 4 currently represents a deduction
from the Romeoville record and the WY84 deduction is 48.5 cfs.

Several additional south suburbs converted to Lake Michigan
water in WY85 decreasing groundwater usage an additional 20.9 cfs
(43%). The WY85 deduction in column 4 is 27.7 cfs.

Groundwater Pumpage from the Lake Michigan watershed whose
effluent is discharged to the canal is a deduction except to the
extent that the groundwater sources are recharged by Lake
Michigan. Current piezometric levels indicate that groundwater
is discharging to the lake. Thus groundwater pumpage from within
the Lake Michigan Watershed and reaching the canal continues to
be a deduction.

5 a a e Des aines r
Watershe in

Column 5 is the effluent whose source is groundwater water
supply pumpage by communities and the annual pumpage by
industrial and other private users (51.2 cfs) minus the water
supply effluent returned to the Des Plaines River through
combined sewer overflows (0.3 cfs). As in column 4, the
municipal water supply is reported by the State of Illinois and
the Industrial and private pumpage is reported by the ISWS. The
water supply effluent discharged to the Des Plaines River through
combined sewer overflows is calculated using simulation.
Groundwater usage decreased 4.1 cfs (7%) due to several suburbs
converting from groundwater supply sources to Lake Michigan
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water. This column represents a deduction from the Romeoville
record and the WY84 deduction is 50.9 cfs.

In WY85, additional communities converted to Lake Michigan
water supply use. Most notable are three of the five suburbs in
the O'Hare WRP service area whose flow is at least partially
diverted to the Northside WRP. The O'Hare plant discharges to a
tributary of the Des Plaines River while the Northside plant
discharges to the canal system. Thus only a portion of the flow
from these suburbs is not discharged to the canal. To complicate
the calculation, one of the three suburbs receives water from
both groundwater sources and Lake Michigan. Because only the
groundwater portion of the flow from these communities is
deductible, estimates of the proportion of the transferred flow
that is sanitary effluent versus infiltration and inflow must be
made. Then estimates of the proportion of sanitary flow that is
groundwater versus Lake Michigan water must be made to arrive at
the final deductible flow.

The total flow transferred from the O'Hare service area to
the Northside service area is based on an estimate provided by
MWRDGC as no measurement of the transferred flow is made. The
selection of communities whose flow is transferred is based on
proximity to interceptor sewers tributary to the transfer
location. The proportion of transferred flow that is sanitary
effluent versus Infiltration and Inflow is based on proportions
in simulated areas. The proportion of sanitary flow that is from
groundwater versus Lake Michigan is based on the proportions in
each of the communities' overall water supply.

In WY84, the O'Hare basin transfer calculation was not as
critical because all of the transferred flow was deductible (all
the sanitary flow was from groundwater sources and all of the
infiltration and inflow was from the Des Plaines watershed,
deductible under column 7). Thus the various proportion
assumptions were not necessary in WY84. The assumptions made by
NIPC to calculate the WY85 flows were reasonable and because no
measurements were available and no models of the area exist, the
calculations were made using the best available knowledge.

Annual groundwater pumpage discharged to the canal for WY85
was 46.9 cfs and the effluent returned to the Des Plaines River
in combined sewer overflows was 0.2 cfs. Groundwater usage
decreased again in WY85 and the decrease was 4.2 cfs (8%). The
deduction for WYB5 is 46.7 cfs.

W o Rea
Canal
Column 6 represents the computation of Indiana water supply

reaching the canal through the Grand Calumet and the Little
Calumet Rivers. The Grand Calumet River has a summit. On one
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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. The location of the summit is variable and
highly influenced by Lake Michigan levels. Thus the calculation
of this deduction from the Romeoville record is influenced by
Lake Michigan levels. The high Lake levels during WY84 caused
more water supply (discharged to the Grand Calumet River from
municipal treatment plants) to drain toward the Calumet Sag
Channel and less to flow back toward the Lake. The total Grand
Calumet flow reaching Illinois in WY84 was computed as 61.4 cfs
while 54.7 cfs of that flow was determined to be water supply.
The total WYB4 water supply deduction including the flow from the
Little Ccalumet River is 59.7 cfs.

Lake levels were higher in WY85 than in WY84, resulting in
significantly larger computed Grand Calumet River flows reaching
Illinois. The total Grand Calumet flow reaching Illinois in WY85
was computed as 105.2 cfs and 75.3 cfs of that flow was
determined to be water supply. The total WY85 water supply
deduction including the flow from the Little Calumet River is
80.6 cfs.

C 7 Runo ai r W ed
the Canal

This column was formerly Column 8 in NIPC's accounting
report. The change is a result of no longer reporting sewer
induced groundwater infiltration in Indiana. Runoff from the Des
Plaines River Watershed is composed of three primary components:
(1) Infiltration and Inflow to combined and separate sewers that
discharge to the four MWRDGC Water Reclamation Plants which
discharge to the canal (110.2 cfs), (2) Des Plaines watershed
runoff in combined sewer overflows that discharge to the canal
(9.7 cfs), and (3) runoff from the Lower Des Plaines and Summit
Conduit areas that drain directly to the canal (76.6 cfs). This
column represents a deduction from the Romeoville record and the
WY84 deduction is 196.5 cfs. Virtually all of this deduction is
determined by simulation.

The WY85 volume of Des Plaines runoff reaching the canal is
very similar to WY85. The infiltration and inflow discharging to
the water reclamation plants was 109.1 cfs, the infiltration and
inflow reaching the canal through combined sewer overflows was
9.3 cfs, and the runoff from the Lower Des Plaines and Summit
Conduit areas was 77.0 cfs. The total deduction for column 7 in
WY85 is 195.4 cfs. 1In WY85, the deduction is largely determined
by simulation but it is also influenced by the O'Hare basin flow
transfer as was discussed under column 5.
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[ duct t ovi age d

This column was formerly column 10 in the NIPC accounting
report. The change is the result of no longer reporting sewer
induced groundwater infiltration in Indiana and Illinois. 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
WY84 is 355.5 cfs and the total deduction for WY85 is 350.4 cfs.

umn 9 igan ischa to £ anal

This column was formerly column 11 in the NIPC accounting
Report. 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: (1) water supply used by communities serviced by WRPs
that do not discharge to the canal (28.8 cfs) and (2) Lake
Michigan water supply used by communities serviced by WRPs that
do discharge to the canal but whose combined sewer overflows
discharge to the Des Plaines River (1.4 cfs). The communities
that make up the flow in the first component are distant
northwest suburbs whose treated effluent is discharged to the Des
Plaines River. The flow of the first component is measured while
the flow of the second component is derived from simulation.
Column 9 represents an addition to the Romeoville record and the
total WY84 addition is 30.2 cfs.

In WY85, Lake Michigan the water supply used by communities
serviced by WRPs that do not discharge to the canal increased to
33.7 cfs. The combined sewer overflows discharged to the Des
Plaines River by communities serviced by WRPs that do discharge
to the canal increased to 1.6 cfs. The total WY85 addition for
column 9 is 35.3 cfs. A portion of the flow in the first
category is from communities in the transferred portion of the
O'Hare basin.

C Withdraw arqged
Canal

Column 10 is a new column whose flow was previously included
in Column 9 above. Column 10 represents lake Michigan diversions
for Federal use, not chargeable to Illinois and it is typically
water supply used by federal facilities (1.4 cfs). The facilities
are Glenview Naval Air Station, Fort Sheridan, and Hines
hospital. However in 1984, the Corps of Engineers requested and
received an emergency diversion to alleviate critically low water
levels in the LaGrange Pool. The diversion averaged
approximately 3000 cfs over a period of five days beginning at
approximately noon on 5 September. The annualized amount of this
diversion is 32.8 cfs. Column 10 represents a deduction from the
Romeoville record and the amount of the WY84 deduction is 34.2
cfs.
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In WY85 there were no emergency diversions and the entire
flow was used for water supply at Federal facilities. The WY85
deduction for column 10 is 2.1 cfs.

Column 1] Total Diversion

Column 11 is equal to column 3 minus column 8 plus column 9
minus column 10. The total diversion for WY84 is 3,431.5 cfs.
This amount is 231.5 cfs greater than Illinois's long term
diversion allocation of 3,200 cfs. The running average
diversion, beginning with WY81, is 3,309.4 cfs and the cumulative
deviation from the 3,200 cfs allocation is -437.6 cfs. The
negative deviation indicates that the cumulative diversion is
greater than an average of 3,200 cfs for the period.

The total diversion for WY85 is 3,472.5 cfs which is 272.5
cfs greater than Illinois's long term allocation of 3,200 cfs.
The running average diversion at the end of WY85 is 3,342.0 cfs
and the cumulative deviation is -710.1 cfs.

u = Lak iga versi Co rnen

Columns 12, 13, and 14 represent the three Lake Michigan
diversion components (Lake Michigan pumpage accountable to
Illinois, runoff from the diverted Lake Michigan watershed, and
direct diversion through the lakefront structures). The sum of
the columns (3,082.3 cfs) should theoretically equal the total
diversion as shown in column 11 (3,431.5 cfs) with one exception.
The Romeoville record receives WRP effluent which is only 90% of
the water supply pumpage. This is based on a consumptive loss
(water supply pumpage which is consumed or lost prior to reaching
the WRP) estimate of 10% of the water supply pumpage
(International Great Lake Diversion Consumptive Use Study Board,
1981). Because the diversion estimate from columns 12 - 14 is
based on simulation, suspect ratings of the lakefront structures,
and flow separation techniques, the estimate is not expected to
be as accurate as the AVM based estimate. However a difference
between estimates of 349.2 cfs or 10% is only a marginal balance.
The discrepancy in these two estimates is related to the balance
in budget 13, discussed in a subsequent section, and potential
sources of the discrepancy are addressed in that budget
discussion.

Using the figures from these three columns, approximately
54% of the WY84 Illinois diversion was attributable to pumpage
from Lake Michigan for domestic water supply. Runoff from the
diverted Lake Michigan Watershed accounted for 27% of the
diversion and direct diversion through the lakefront structures
accounted for 19% of the diversion.
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The sum of columns 12 through 14 for WY85 is 3,078.1 cfs
which is 394.4 cfs less than the flow in column 11 of 3,472.5
cfs. The difference between the two diversion estimates is 11%
which is similar to the difference in WY84. Thus it is likely
that the source(s) of the WYB4 imbalance is the same as for the
WY85 imbalance. In WY85, 54% of the sum of columns 12 through 14
is pumpage from Lake Michigan for domestic water supply, 26% is
runcff from the diverted Lake Michigan watershed accountable to
Tllinois, and 20% is direct diversion through the lakefront
structures. The percentages are nearly identical to those of
WYB4.

BUDGETS

The first three budgets are used to sum the water supply for
the area influenced by the diversion and the remaining budgets
compare measured and simulated flows with the exception of
budgets 4 and 9 through 11. Those four budgets are of strean
gage sites that are not simulated and are used as part of the
calculation of the runoff from the diverted Lake Michigan
watershed. In general, the WY84 and WY85 budget balances are
quite good and are an improvement over the WY83 accounting
budgets, presented in the FY85 Annual Report (USACE, 1986), and
similar to the results of the NIPC accounting as discussed in the
following paragraphs. A list of the budgets is given in table 2.

-3, Wa e

Budgets 1 through 3 are not comparisons of simulated and
recorded flows but rather they are summations of critical water
supply pumpage data. Groundwater pumpage decreased in both WY84
and WY85 due to conversion to Lake Michigan water supply by
several suburbs. Groundwater pumpage from the Lake Michigan
watershed decreased 3% in WY84 and 43% in WY85. Groundwater
pumpage from the Des Plaines River watershed decreased 7% in WY84
and 8% in WY85. The total decrease in groundwater pumpage was 5.8
cfs in WYB84 and 25.1 cfs in WY85. 1Illinois Lake Michigan water
supply pumpage increased 2% or 38.3 cfs in WYB84 and 1% or 10.5
cfs in WY85.

It is expected that in the future, the current trend of
converting from groundwater sources to Lake Michigan water will
continue. There are two reasons that communities are converting
to Lake Michigan water. The first is that the quality of the
groundwater supply of many communities is marginal. Many are
forced to use bottled drinking water because of taste problems.
The second reason is because of insufficient water quantity.
Water levels in the wells of many western suburbs are dropping
because the aquifers do not have a sustainable yield sufficient
to support the greatly increasing population in those suburbs.
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-8 W ion a

The budgets for the water reclamation Plants compare the
simulated flows to the measured inflows at the WRPs. The
simulated flows were developed from an estimated sanitary flow
with a daily, weekly, and monthly flow variation and from
precipitation based simulated runoff. In the Burke update of the
diversion accounting models, no change was made to the sanitary
flow estimates, rather the changes were related to estimating the
amount of runoff that enters the sewer system. The tables below
compare the NIPC and revised Simulated/Recorded (S/R) ratios for
the inflows to the four MWRDGC water reclamation plants and for
the Upper Des Plaines pump station.

WYB4
Simulated/Recorded Change from
Location Flow Ratjos Previous Estimate
NIPC Corps
Northside WRP 0.92 0.97 Large Improvement
West=Southwest WRP 0.99 0.99 No Change
Calumet WRP 0.83 0.89 Large Improvement
Lemont - 1.02 -
Upper Des Plaines P.S. - 0.83 -
WY85
Simulated/Recorded Change from
Location Flow Ratios viou timate
NIPC Corps )
Northside WRP 0.96 1.00 Slight Improvement
West-Southwest WRP l1.02 1.03 No Change
Calumet WRP 0.90 0.96 Large Improvement
Lemont - 1.16 -
Upper Des Plaines P.S. - 0.89 -

As can be seen by examining the tables above, significant
improvements over the original NIPC accounting were realized at
two of the WRPs and a similar balance was achieved at a third for
both WY84 and WY85. The WY84 flow weighted average S/R ratio for
the three primary WRPs improved from 0.91 to 0.95. The WY85 flow
weighted average S/R ratio for the three primary WRPs increased
from 0.98 to 1.01 which are equally good balances. The NIPC flow
weighted S/R ratio for WY83 was 0.88. Thus both the NIPC WYs4
and WY85 accounting and the accounting in this report are
significant improvements over WY83.

At the Northside and Calumet WRPs, significant improvements
resulted from using the revised modeling parameters. The
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Northside WRP balance is quite good for both years while the
Calumet balance is marginal in WY84 and quite good in WY85. The
increase in S/R ratio at the Calumet and Northside plants is the
result of increasing the amount of runoff entering the sanitary
Sewers.

The annual S/R ratio at the Calumet plant is quite good for
WYB5. However, the daily S/R ratios vary considerably. The
Calumet measured record exhibits much less variation in flow than
the simulated record. The recorded Calumet daily flow variation
is also much less than what is found at the other WRPs where the
daily S/R ratios are generally fairly consistent. This would seem
to indicate that there is storage in the Calumet system that does
not exist at the other WRPs and is not properly being modeled.
However, the amount of storage required to attenuate the flows
would be tremendous, requiring some type of storage facility
where none was known to exist. A more detailed discussion of the
Calumet balance and the problems associated with it can be found
in the NIPC Accounting reports in Appendices B2 and B3.

There are some apparent errors regarding the presence of
combined versus separate sewers in the Calumet WRP simulation in
the vicinity of the Calumet River, between the 0'Brien Lock and
Lake Michigan. These errors are similar to those in the Des
Plaines River Watershed that were corrected by Burke Engineering,
under contract with the Corps. The area in gquestion is
approximately 10 square miles and is not nearly large enocugh to
make a significant impact on the flow balance at the Calumet WRP
which serves a total area of approximately 300 sgquare miles.
This error has no impact on the diversion calculation since none
of the area is in the deductible Des Plaines River Watershed.

At the West-Southwest WRP, the two balances are virtually
identical for both WY84 and WY85. The balance did not change
because of the offsetting impacts of increasing the runoff
entering sanitary sewers and decreasing the combined sewer
drainage area.

The Lemont balance is gquite good in WY84. However the
balance is guite bad in WYS85. The reason for the large
difference in balance is unknown. However, the average annual
Lemont WRP flow is quite small (2 cfs) compared to the average
flow at the other plants (1,100 cfs at West-Southwest). Thus the
Lemont balance is not nearly as important as the other balances.
NIPC did not report a balance for the Lemont WRP.

At the Upper Des Plaines pump station, the balance is
marginal although it is better in WY85 than in WY84. However,
the accuracy of the flow meters is suspect. Comparison of the
simulated and recorded flows for the pump station indicates good
agreement in terms of timing of high and low flows. Thus it
appears that with calibration of the pump station meters, a
better balance may result.
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Lower Des Plaines Runoff

The WRP and Upper Des Plaines pump station budgets,
discussed above, provide a measured verification for each of the
flow simulations with the exception of the simulation of runoff
directly to the canal from the lower Des Plaines watershed. This
simulation consists of lower Des Plaines watershed overland flow
directly to the canal system and combined sewer overflows to the
canal. Prior to WY83, the lower Des Plaines runoff was calculated
using the Hart Ditch streamflow gage at Munster, IN with a small
adjustment for the difference in drainage area between the two
watersheds. WY83 was the first year in which the new accounting
procedure was used. In the 1985 Annual Report, certifying the
WY83 Diversion Accounting Report, a comparison of the calculated
lower Des Plaines watershed runoff and the measured Hart Ditch
runoff was made to verify the calculated flow. A similar
comparison for WY84 and WY85 is discussed below. i

In WY84 the average runoff from the lower Des Plaines
watershed, including infiltration and inflow to the WRPs, was 103
cfs while the average runoff from the Hart Ditch watershed was 87
cfs. The difference appears primarily to be the result of 6.8
inches of additional precipitation that fell on the lower Des
Plaines watershed (34.9 inches for the Hart Ditch and 41.7 inches
for Lower Des Plaines).

In WYB5 the average runoff from the lower Des Plaines
watershed, including infiltration and inflow to the WRPs, was 102
cfs while the average runoff from the Hart Ditch watershed was 74
cfs. However, the total annual precipitation was virtually the
same for the two watersheds (36.0 inches for Hart Ditch and 37.2
inches for lower Des Plaines). 1In WY85 the difference in runoff
between the watersheds appears to be the result of precipitation
timing rather than precipitation amount. The Hart Ditch
watershed had more precipitation during the summer months when
evaporation is high while the lower Des Plaines watershed had
more precipitation during the spring months when evaporation is
low and the soil is saturated.

The two watersheds are similar in geology, land use, and
hydrology and should have similar long term runoff
characteristics. However because the watersheds are over 25
miles apart, the runoff at any particular time is not likely to
be the same. This is evidenced by the difference in
precipitation between the two watersheds in WY84. The Hart Ditch
watershed (as represented by the Park Forest, IL rainfall gage)
experienced 34.9 inches of precipitation while the lower Des
Plaines watershed (as represented by the Midway, IL rainfall
gage) experienced 41.7 inches of precipitation. Because of the
difference in localized precipitation between the watersheds, the
Hart Ditch comparison does not provide any substantial insight on
the accuracy of the lower Des Plaines runoff simulation.
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Lower Des Plaines watershed runoff is calculated from the
same runoff parameters as areas of similar land use in
simulations verified by the WRP budgets. Thus the lower Des
Plaines runoff calculation is indirectly verified by the WRP
budgets. Because the Hart Ditch watershed does not provide a
goed verification and because the lower Des Plaines watershed
runoff is indirectly verified by other budgets, the Hart Ditch
verification will no longer be used.

Budgets 4, 9-11 Stream Gaging Sites

The stream gage budgets are not used to compare simulated to
recorded flows but rather 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 strean
gaging record to develop the runoff estimates. Thé& runoff
estimates are used in Column 13. The flow at the stream gaging
sites is also part of Budget 13, the canal system budget.

Budget 13 Canal Systen

Budget 13 compares the inflows and outflows to the canal
system. 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 at Lockport, backflows through the lakefront
structures, and withdrawals upstream of Lockport by Argonne
National labs. The individual components are presented in
table 5 for WY84. The table indicates that the inflows are 431.1
cfs (11%) less than the outflows which would indicate that there
are unreported inflows to the canal system. The NIPC report
indicated a difference between inflows and outflows of
approximately 100 cfs. Virtually the entire discrepancy between
the current difference and the NIPC difference is the result of
using the measured AVM flow and regression equations rather than
using the MWRDGC reported Lockport outflows. Because of the
higher accuracy of the AVM and regression equations, the 431.1
cfs difference is more indicative of actual conditions.

The canal balance for WY85 is presented in table 6. The
table indicates that the inflows are 503.8 cfs (13%) less than
the outflows. The canal flow balance is somewhat worse than in
WY84.

Review of the data indicates that the difference between
inflows and outflows is not well correlated with any of the
expected parameters such as direct diversion, stormwater runoff,
or Romeoville flow. However, the average WY85 Lake Michigan
stage near the lake front structures was +2.2 feet Chicago City
Datum (CCD), 0.6 feet higher than the average WYB4 stage of +1.60
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TABLE 5
Water Year 1984
SUMMARY OF FLOW COMPONENTS ABOVE ROMEOVILLE (Budget 13)

INFLOWS TO THE CHICAGO SBANITARY AND SHIP CANAL

Lake Controlling Structures (Measured)

Wilmette ig.8

CRCW 278.86

O  Brien 283.5
Streamflows (Measured)

North Branch at Touhy 140.8

Little Calumet at South Holland 215.7
MSDGC Treatment Plants (Measured)

Northside - 420.2

West - Southwest 1,162.7

Calumet 358.6

Adjustment for '

Interlake - Riverdale -2.5

Lemont 2.0
Other Point Sources (Measured) 5.4
Summit Conduit (Estimated) 9.7
Grand Calumet Streamflow (Estimated) 61.3
Combined Sewer Overflows in 212.3

Ungaged Watershed (Simulated)

Direct Runoff in Ungaged

Watershed (Simulated) 140.5
COE Emergency Nav. Make - up (Estimated) 32.8
TOTAL 3,360.4

OUTFLOWS FROM THE CHICAGO SANITARY AND SHIP CANAL

Argonne Withdrawal (Measured) 0.4
AVM @ Romeoville Recorded Flow 3,790.6
Lake Controlling Structures (Measured)

Backflows 0.5
TOTAL 3,791.5
DIFFERENCE BETWEEN INFLOWS AND OUTFLOWS -431.1
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TABLE &
Water Year 1985

SUMMARY OF FLOW COMPONENTS ABOVE ROMEOVILLE (Budget 13)

INFLOWE TO THE CHICAGO SANITARY AND SHIP CANAL

Lake Controlling Structures (Measured)

Wilmette 26.8
CRCW 306.2
O  Brien 297.2
Streamflows (Measured)
North Branch at Touhy 107.7
Little Calumet at South Holland 180.8
MSDGC Treatment Plants (Measured)
Northside * 438.8
West - Southwest 1,115.9
Calumet 336.9
Adjustment for
Interlake = Riverdale -2.5
Lemont 1.8
Other Point Sources (Measured) 6.1
Summit Conduit (Estimated) 11.7
Grand Calumet Streamflow {Estimatedﬁ 105.3
Combined Sewer Overflows in
Ungaged Watershed (Simulated) 209.3
Direct Runoff in Ungaged
Watershed (Simulated) 145.1
TOTAL 3,287.1
OUTFLOWS FROM THE CHICAGO BANITARY AND BHIP CANAL
Argonne Withdrawal (Measured) 0.4
AVM @ Romeoville Recorded Flow 3,789.6
Lake Contreolling Structures (Measured)
Backflows 0.9
TOTAL 3,790.9
DIFFERENCE BETWEEN INFLOWS AND OUTFLOWS -503.8
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feet CCD and the canal flow imbalance increased 73 cfs from WYS4
to WY85. The 0.6 foot difference is significant considering that
the top of an 1,100 section of the Chicago harbor wall was at 3.0
feet CCD prior to WY87. This makes wind, wave, and barometric
set-up of the lake likely to significantly increase the amount of
cvertopping of the wall. Prior to WY87, there was also
significant leakage through the harbor wall and the leakage rate
was likely related to the difference in water level across the
wall. The impact of lake level on wall overtopping and leakage
is further illustrated by examining the last four months of WYss
in which the lake stage varied between 2.6 and almost 2.9 feet
CCD. During this period the difference between canal inflows and
outflows varied between 615 cfs and 815 cfs. In WY¥87, the wall
was raised and repaired which virtually eliminated the
overtopping and leakage. The amount of the leakage and
overtopping is difficult to estimate because both lake levels and
weather conditions contributed to the problem and not enough is
known about the condition of the wall or wave heights and wind
setup at the time of the problem to make any estimates.

While it appears that the condition of the harbor wall and
the high lake levels contributed to a large portion of the canal
flow imbalance, it is unlikely that the leakage and overtopping
was as much as 400 cfs or 500 cfs. During development of the WYs7
accounting report, which is scheduled for transmittal with the
1991 Annual Report, the impact of the overtopping and leakage
should be quite evident.

Other possible sources of the canal flow imbalance include
underreporting of the lakefront flows through the sluice gates
and locks and unaccounted for flow sources. The underreporting of
the lakefront flows could be the result of both inaccurate rating
curves for the lakefront control structures and leakage through
those structures. Unaccounted flows could include unreported
groundwater discharges to the canal.

ACCOUNTING IMPROVEMENTS

As a result of reviewing and calculating the WY84 and WY85
diversion accounting, a number of areas of potential improvement
have become evident. The following paragraphs discuss those
areas where improvement is needed.

o' WRP =]

A portion of the O'Hare WRP service area (tributary to the
Des Plaines River) is diverted to the Northside WRP (tributary to
the Canal system). The water supply in the diverted area was
entirely from groundwater sources during WY84. Thus the total
basin transfer was a deduction from the Romeoville record for
that year. The extent of the O'Hare service area being diverted
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is not known and the diverted flow is not measured. Thus an
estimate of the annual basin transfer was provided by MWRDGC. At
the current time, the amount of the transfer is somewhat suspect
as it is only estimated.

In WY85, a portion of the diverted service area converted
from groundwater supply sources to Lake Michigan water, thus, the
full basin transfer was no longer a deduction. A determination
of the deduction required not only an estimate of the amount
transferred but also an estimate of the sanitary effluent portion
of the transfer. It also required an estimate of the Lake
Michigan water portion of the effluent. 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.

Indi Flow Deduct i

The flow in the Grand Calumet River drains both to the Lake
via Indiana Harbor and to the Calumet Sag Channel. When lake
levels are high a larger portion of the flow drains to the
Calumet Sag. The Grand Calumet River flow calculation is based on
a regression equation relating Lake Michigan stages and measured
flows in Hart Ditch to the Grand Calumet River flow. A number of
current meter measurements were made on the Grand Calumet and
those observations were used to develop the regression equation.

The majority of the flow in the Grand Calumet River,
draining to Illinois, is water supply effluent. The Lake level
influences the portion of the effluent that drains to Illinois
and the portion that drains back to the lake. The water supply
deduction is equal to the total water supply pumpage discharged
to the river if the pumpage rate is less than the calculated
river flow. The deduction is equal to the river flow if the
pumpage rate is greater than the river flow.

This procedure is adequate and is the only method currently
available to calculate the Indiana deduction. However, with
additional flow measurements and/or a more detailed review of the
hydraulics of the Grand Calumet river, a superior method of
calculating the deduction could be developed.

Calumet WRP Balance

The Calumet WRP balance was discussed in the previous
section where it was noted that although the annual S/R ratio was
reasonable, the simulated flows exhibit much more fluctuation
than the recorded flows. While the simulated flow fluctuations
at the Calumet plant are similar to those at the other WRPs, the
recorded Calumet flow fluctuations are much less than at thae
other WRPs. The problem may be related to flow measurement at the
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plant. Personnel at MWRDGC need to be consulted on this issue to
determine the source of the problem.

The portion of the Calumet WRP service area in the vicinity
of the Calumet River needs to be investigated to correct errors
regarding the presence of combined versus separate sewers.

Upper Des Plaines Pump Station

A review of the Upper Des Plaines pump station and its flow
record indicates that the flow meters at the station are
operating but need calibration. Upon calibration of the pump
station meters, the pump station budget could become one of the
most important balances for calibrating and verifying the
simulation models of the Des Plaines watershed. In the diversion
calculation, the primary use of the models is to calcuylate the
deduction for runoff from the Des Plaines watershed discharged to
the canal. All of the runoff draining to the pump station is
from the Des Plaines watershed, is deductible, and is from
somewhat similar land cover as the remaining deductible Des
Plaines watershed. Thus the characteristics of the Upper Des
Plaines watershed may be the gaged area most representative of
the total deductible Des Plaines watershed. Calibration and use
of the Upper Des Plaines Pump Station record is being reviewed at
this time.

Canal System Balance

As discussed previously, the canal system balance indicated
that the total inflows were 10% to 13% less than the outflows. A
portion of the imbalance appears to be the result of overtopping
and leakage through the Chicago Harbor wall. The wall was
repaired at the beginning of WY87 and the diversion accounting
for that time should provide valuable insight on the magnitude of
the overtopping and leakage. Flow meter measurements at the lake
front direct diversion points need to be made to determine if the
rating curves for the sluice gates and locks need updating or if
leakage is still significant. Reconnaissance missions should also
be made to determine if there are any unreported discharges that
are being made directly to the canal.

Precipjtation Data

The runoff simulation models used to perform the diversion
accounting are driven by precipitation and other meteorologic
data. In performing the WY83 diversion accounting, NIPC
discovered problems with the precipitation data related to
shielding of the rain gages by buildings and other obstructions.
To address this problem, the Illinocis State Water Survey (ISWS)
was contracted to assess the problem and adjust the precipitation
data. The ISWS also adjusted the WYB4 and WY85 data used in this
report. To resclve the problem, a precipitation gage network of
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25 gages was installed by the ISWS under contract with the Corps.
However, no data will be available from the network until Wy9o.
Prior to WY90, the precipitation data will be adjusted as in the
past.

SUMMARY

The diversion accounting performed by NIPC with the
adjustments for AVM flows and runoff parameters presented in this
report were performed with the most current available data and
the best current engineering practice and scientific knowledge.

The Lake Michigan Diversion Accountable to Illinois for WYg84
was 3,431.5 cfs which is 231.5 cfs greater than the long term
allocation of 3,200 cfs. The sources of the Illinois diversion
were approximately 54% Lake Michigan water supply, 27% runoff
from the diverted Lake Michigan watershed, and 19% direct
diversion through the lakefront structures.

The Lake Michigan Diversion Accountable to Illinois for WY85
was 3,472.5 cfs which is 272.5 cfs greater than the long term
allocation of 3,200 cfs. The sources of the Illinois diversion
were approximately 54% Lake Michigan water supply, 26% runoff
from the diverted Lake Michigan watershed, and 20% direct
diversion through the lakefront structures.

Improvements in the water reclamation plant balances
resulted from updating the model simulation parameters and the
balances were all within 3% with the exception of the Calumet WRP
which had an 11% imbalance in WY¥s84. The improved balances
indicate that the diversion calculations based on the updated
simulation models should be more accurate.

The flow measurement and modeling of the Calumet WRP needs
to be investigated. The flow at the Calumet plant appears to
behave very much differently than the flow at the other major
water reclamation plants, indicating that a metering problem may
exist.

The Upper Des Plaines pump station flow meters have not been
maintained and/or calibrated in 20 years. Calibration of the
meters is required to restore their accuracy. Subsequent to
calibration, the pump station should become a valuable
verification site for the simulation models.

The Hart Ditch and lower Des Plaines watersheds are a
sufficient distance apart to experience different rainfall
events. Thus, the comparison of measured Hart Ditch flow and
simulated lower Des Plaines watershed runoff does not provide a
good verification of the Lower Des Plaines simulation. The Hart
Ditch comparison will no longer be used.
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The error in the canal system budget is probably partially
related to overtopping and leakage through the chicage Harbor
wall. However further investigation is needed. The balance
should improve somewhat in WY87 after the wall was repaired and
an indication of the amount of leakage and overtopping may become
evident during development of the WY87 accounting report.

The O'Hare basin transfer requires further investigation to
determine the best procedure for estimating the flow transfer and
the proportions of sanitary effluent and infiltration and inflow.

The calculation for the Indiana flow deduction could benefit
from flow measurements and further investigation of the Grand
Calumet River hydraulics.

A precipitation gage network was required to accurately
measure the rainfall in the simulated area. The petwork,
installed during WY89, will eliminate the need for adjustments to

the precipitation data and reduce the uncertainty associated with
the rainfall data.

32



REFERENCES

Burke, Christopher B. October 1989. I/I Study and Diversicn
Accounting Model Modification, for U.S. Army Corps. of

Engineers, Chicago District.

Espey, Dr. W.H., Barnes, Harry H., and Vigander, Dr. Svein.

October 1581. Lake Michigan Diversion Findings of the Technical
Commjittee for Review of Diversion Flow Measurements and
Accounting Procedures,

Espey, Dr. W.H., Barnes, Harry H., and Westfall, David.

November 1987. Lake Michigan Diversion Findings of the Second
Technical Committee for Review of Diversion Flow Measurements and
Accounting edu

Hart, E. Dale, McGee, Richard G. September 1985. Fipal Report
Lockport Power Plant Sluice Gate and Control Works Discharge

Evaluation.

International Great Lakes Diversion and Consumptive Use Study
Board, "Great Lakes Diversion and Consumptive Use Report to the
International Joint Commission: Annex F, Consumptive Water Use,"
1981.

Northeastern Illinois Planning Commission. June 1985. Lake

Michigan Diversion Accounting Manual of Procedures.
U.5. Army Corps of Engineers. February 1986. 1985 Annual Report

on Lake Michigan Diversion (Including State of Illinois Water
Year 1983 Accounting Report.

U.S. Army Corps of Engineers. September 1989. Lake Michigan
Diversion Accounting Section Chicago Sanitary and Ship Canal at
Romeoville Acoustic Velocity Meter Backup System.

Vogel, John L., "Draft - An Examination of Chicago Precipitation
Patterns, Illinois State Water Survey," 1986.

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

33



APPENDIX Bl

MONTHLY
DIVERSION ACCOUNTING

REPORTS

L}



SIONITITT 40 J1IVIS 0L 01 TI8YINNODOV SKOISHIATG 133910 514109 OL¥T0T - A¥I00 + GRI0D - ERI0D = LLATDD 28700 + LH0D = £4702
| 95s AL L4 0 925l YAILE 5 1782 g e L HLL 1 £ 27Ls STEY L°BEYE  ¥T0 £HEYE  fRAL 120
0y £7991 LTSBYL Z27AeE 572 0§52 27602 Fa 1 2'9y s STEy SESYE YO0 L7ESY2  E§-120-LE
D gla B 0481 L%l 0TIS6E 92 092 Laie £°49 & &Y 27Ls LN L 47GHEE YO £7SPEE  £@-130-01
0° 026 5022 &Y DT2EE 572 4752 47ee £ad L4 b 1 STEY CEIOE %D L'ELOE ER-130-62
0" 0ve 0 gse F'0LSL LTESEE §°F y0f 470l £ 162 IS ey Fa 1 S L9508 €9-320-92
0" s¥e 27 02% RISl 9AIOE 577 56 L T 09 1742 *is L L 2°9ZL Yo 'St £E-120-42
D°9LB Z°05Y Z°BISL DTI2LE 572 L2792 2'eee 892l 5795 'is S'8Y L"RLEE  ¥D L°LIEE  £@-190-92
0589 B BEY 671251 YR £°F Y iz 0°s¥E R 09 £Ls 5@y €295 %0 &°995E  £R-120-62
0" 425 F6E0L  9LEYL 9GP0 g7 L 42 £TLIsY 982 & 24 £°15 STEY £°28%r Y0 6LeYY  £R-120-%2
07 02% L°SLE2  S°DEY1 4671558 572 £ %2 £ 029 L @y 6 ad 0°1s ey 905LY  ¥0 2°05L%  f9-120-£7
0" i9z galv R9YYL LYY 972 i 2L &TY0L 422 &'y S8y 'Ll Yo Zlel  £@-120-22
05 2 end 60051 A°S9RE 972 962 £ SIE g Zvl 624 LS ey L'YSlY Y0 L7ESLY  £9-120-L2
0Ly 1752y 6766% 0iwE  £°2 4782 L'S1E ka4l & 2L 2715 ey 9EEZE YO 76528  E9-120-02
0"eLyl  £72% L7R0S5L  YUTEE 972 0Lz ¥ lo2 e . 14 S'eY Y0558 YO 00558 £R-120-41
07 S%e £755 L9874 N 0 1. V. R 06 U E6L 1084 4785 LS S8y L"s9%2 Y0 472 £8-130-81
0 o%e &°I9 T7SESL 2°s@vZ 927 1742 &'l ) 0°Ls a4 58 &Y YO L"4v92  £8-3170-41L
0°&lLe 69 67657  &°I9%2 7 0-zz 0061 S b 1 ¥ S8y 2'fdZ Y0 9°ZEIZ £9-170-91
0" 19y 1759 L7E0SL  YEAYZ 2 FA T4 LrL 0" oy FaFl 1 Y ls SEy 9°EY9Z Y0 2'9Y9Z  1R-120-61
0" 949 17221 ?rEISL YIS 52 FaF L./ 0" s 082 s Ser 20992 YO 70992 £R-130-%1
D 189 L Y25l fTIYE 52 iz 47902 £°9g 9725 s S8y 0°S2EE YO0 9¥2EE £@-170-f1
0°RI01 ¥SE¥L 479551 YUSEY  9°7 L 11 6" Y2y 5152 ey 705 ey ETISIY YD 4705y  E£@-120-2|
0°als L 11 D°ESSE Y IO8Z 5§72 242 o eal L 1 Fal 14 a1 §°8Y £L0E YO 6°0L0E  E-120-11L
0" ¥o% s YE9SL  ZToAlz 972 D Z7 102 &%k Yow 1S L ' Y0 5% E9-320-01
0°ive & 9 YL SIS 97 9 22 9rl02 0°SE &'l . 1 L4 £'0%iZ Y0 6°6LST £R-120-40
(10841, 9w FTeEYL  ITSEEE 57 L T4 £7902 6"5E 6" &L LS &8 E°EZSE YO 42258 £W-120-80
07959 115 278651 479692 97 862 Pt ! B st o9y ¥ 58 £TISRZ Y0 470582 £9-120-0
0" 2vd 985 5651 wremiZ 972 e 061 2Lt 6" 2% e 31 STy £7Y552 Y0 6°ES52  EE-170-90
0 esd 0" oL 9'elee 97 62 6" 202 (.21 L7 5% a1 sy LMz YO0 1"S668 ER-120-50
[ ¥ [ 14 STOASL ETIAZ 57 182 é oL LBt 422 s S'eY 0942 Yo F8f62  ER-170-%0
0" a9 745 27991 STAAZ 97 4" a2 2 98l 47 9L LY s 5'8Y ¥9562 YO 0°9562  £9-170-10
0" 609 £°95 YUSISL £To0R2 572 £ 12 7oAl Fa s LEY ¥ls s°eY LS9 Y0 477962 £9-130-20
0 2s8 £°%5 Y29L  ITyslZ 972 £ez ¥ 8sl £y 2°8% b 1 L YoEs2Z YO 0°0E62 £9-170-10
TEEw STFEEE N S S ST NN S E T ANy = TENEE TENE L1 TN RS E S CEENENERREEE
¥l £l Zl I oL [.] g i 9 g ¥ £ 2 I 3lva
TIINELS  OWSHIVA  SIONITTI NSHIAIO  TVRYD T¥NYD aEnd3d  Iviva TYNYD  OHSHIWM SIOMIT1] TVYNYD FvD a¥0234
TOHINGD  OL¥3AI0 ol WI0L  ONHIYIY 1] ] 3D DNHIVIH  DMHIYIE  SAMIVTd L1 nNHML JA0EY F9vD
ELL D] EL T "130vW TAYOHIA  DHHISIO 1IAOIWOH CHSHIVA  YNVION] 530 QHSHLYR RO4 WSHIAID  11AD3IWOY
MNHH 1L WOH4 "HIIW "HIIW 10M WOH4 SANIVIA HOH4 HOHS "H2IW WLOL
HSHIAID  J40MMY EL g /YY1 3WdANNd " 1Ina3o 530 VAN ITVdWNG ERLR
133810 WOH4 L EDEE] "HIIW wiol WOH4 AlddNS  HIMOMHD WOH4
ERLE L R ELLA 440MNY LETR ;] FOW AW
H1RONYD
a a " _ a _ . " » R L A . ! »



STONITTL 40 I1WLS FHL 01 I1BVINNOIIY SNOISHIALG LI3H10 :YLMI00

TEEEEEEEE

OLNT0D - 44700 + GWI0D - EH0D = LL#0D

ZN00 + LHDD = 00

RS S S S S ST SR S S s T T TR EE RS NN S S ENE RS saEy

L) ) g TEEEETEEEER

&7 h5e Bas0L  ZTvavl  9TRlE2 57 Ye 0 g2y G zu Fa 4705 cTey £78I8E 270 STALEE EBAL “ADN
H“HHHH‘"IIlI.I.ﬂﬂﬂ“""“ﬂIlﬂﬂﬂ.h“ulr“un“l"lHﬂﬂ.ﬂNHHHINII*....IIII.IH*‘lHﬂ“H"..Il“H"...II.lll".l.l..l...lIIIIl.'ll.l..ll...ll.ll-l.l.l.l.l..I.I.I_I.I-'I.lll.l-
) £71REL STAAYL ATW9E Y2 ST0L 97085 STETY £z 6705 STEY ¥LEZY 2D 2°152%  ER-AON-DE
0" 69 BEYEZ  9°105L  STEWeY 572 82 L .Y e £742 ¥ 05 s £ ias 2o LL24S  E@-AON-42
05w LB9CY  g'ERYL 279045 %7 2785 ZUIEZL A0l £Uug (.} sty 00l Z°0 Y00l EB-AON-92
0w 81909 4750 0°ELZS. 22 98t 20221 0°YS01  S°69 -8y ey s I P9SY?  £0-AON-[Z
0L LN Z°9EYL yEevz 272 L4 L T4 ) P ES6E £°2% LoLs £er 6°649Z Z'0 L7882 [9-rON-92
o9 STYEOL  LCOREYL  Ltemiz 2R L T4 £°5%5 LrELYy £°42 6705 ey L8220 L"ESZE  f@-AoN-52
0" a9 &TWERL 2Nl £TEISY 12 . ]+ ) & LY FAFY 905 STaY 228 2o 0°%525  EE-AON-%2
0" Z0E L'2%9  2°LIS1 9°snis w2 (3 %) STOLYL BrALZL 9°EE 78y STy ¥EISY 20 2°6159  EB-AON-£2
(F Y ¥ 20g A 111 N A T F A 4 082 9852 97601 Yot L7Ls LR L 0"alez 20 V062 £U-AON-Z2
0 LLL 9°92% LR 10 S A V| FA A 4 '8 sz 9L L2 [ 1 ey Pr4LEZ Z°O Y6EEZ  £U-MON-12
0"yl YEPEL  ETOLYL  9TREYE  [Z £z STy 6" SLL 98K L 114 sTer 688 Z0 L7609L  £9-AON-D2
0" S84 6 ae 071s% 'YL 572 iz 6Ly ¥z 9Ly 2708 L] £'820 2Z°0 L"920%  £Q-AOM-§]
0z &7BS5L 6°R0SI  yaOLZ  L°2 e g0z 49 &9t L'is L 9'is2z 20 971622  ER-AON-9)
0 is LTLE2 STe6YL  9°lfEl 52 1712 L1ee 9753 et LoLs &8y Loviz  z°0 476ELZ  EW-AON-L)
0" %21 L 0s9 B'00sL  §TvDEZ  ¥Z £70% 995k L7681 L 6705 Y grezE 20 FYEZE  £E-AON-9L
o os2 LWL Y PU2SL WAL 572 (4 3 0" gLE Lr2st LA a°os ey 0°ssZZ 0 9YSZZ  £9-AON-5I
o -9 18% Y2051 0Tl08L 0% ez 0" Zel LS 7oL L'is ey 2'y0z  Z'0 079902  £9-MON-¥|
0°42L 67 6EL Z°6ZY o02vEL @2 0°92 97081 L 2 6°9% s sTEY & Zo £°6202 fR-AON-£L
0°g¥l &7 991 L°S9vL &°fleL 577 LT &6° 902 6729 oS L LS sy o"ooLz 2o 98802 £B-AON-Z|
131! 0" 19t PEEYL L2892 w7 L. LT ¥ 95 569 L'is £eY 9S82 IO Y692 EU-AON-LI
0RiLE 92 L7LSL £ToasE 202 L 19 LI T4 s T8y L*1s ey ¥SRIE Z°0 Z°S9LE  EN-AON-DL
o2y 27501 ZTLISL BedZ 572 L8 2 90 8" 55 8" zs 115 STy 0°éEez Z0 9992 £9-AON-40
0Ll 47221 672851 1ael §2 282 67561 s'oe sk L°is L £z zo L*2%l2  £R-ACN-9O
0°SL1L vl #sisl TRl 207 L 92 L8 1174 e £6t L'is ey Yoz z°o 272002 ER-AON-£0
0 ERL 27591 LdzZye sTvvElL 2 P k4 & 602 ¥ a9 oY LS L 41502 20 STIE0Z  £@-AON-90
0°ssl SR6L 6789l ZT902Z %72 L (4 74 yoe L2s L°1s ey £y o L°Y¥2  £9-AON-90
0"zl §T45Z L 2 TS A 7.1 R £ &° 492 gee STE9 1'1s e oSz zo L9051 £9-AON-Y0
0" ¥0L ¥LTE ¥EOSL  ETEREZ 572 L9 £700% L71EL 549 Lis L] f£'6s92 Z'0 L76592  £R-AON-£D
0°982L  &°92YL LUYISE  LwEY 52 4% gsiY 2°52¢ 0°2% L'os LN L°8ley 20 STélLY  fE-AON-Z0
ool 97692 0°50S5L  0°0E2E  ¥°2 81z &°212 £y 0" &Yy L7LS ey i 270 FLIE  EB-AON-LD
¥l 111 ZL i ]! & g F) 2 S ¥ £ Z I iiva
TLINMIS  OHSHIVA  SIONITTL MSH3AID  TYNYD T¥YHYD 80034 YY) TYNYD  OHSHIWM  STIOMITI]  TWWYd Eoil ) 023N
TOHINOD  OLH3ALG oL WI0L  9NHIVIY ol JI¥D INHIVIE  INHIVIE  SINIVIY NI LT anoay el )
ERL] ELTY "120% THEOHIA  SHHISTO  TIADIMOY OHSHLYA  WNYION] §30 THSH1WVA AOT4 MSH3AIO  1AO03IHOY
MyML WOH4 "HIINW "HIIW 10K WONd  SINIVId L E WOH4 "HIIW WiolL
NS¥3AI0  JJOMNd ERLD] VT 39vdWnd  © LINGI0 530 AIVdWNd IOV W EL LA
133810 WO T¥i3034 "HIIHW Vi0L HON 4 A7ddNS  HIMANHD WOH4
I dWNd EE LA 440MN8  ¥31vA FIWdWnd
HIAONHD
L a | | _ _ _ | _ a _ _ a2 | 1



cEembadE Al aless JHL UL A 18YLRO0D9Y

Hﬂ“““"HHu“ﬂluﬂﬂiﬂﬂuuﬂﬂnﬂuuﬂjﬂlrl llllllll AEEZaw

SMOISHIATO L1I3W10 :vie00

OL#702 - 64700 « GRI0D - 9702 = |1

NS EEIsE==zww=sg

210D + |¥0I = fH00

Fal-iN] 27oRs ?0L51 PRESE o0~z L £2 2 E5E L9212 L7LE 0 Lg gy L°99%¢ £°0 ¥ o9cr =4l 230
0" s Y EsL 27961 9TpZLz 671 9 22 S GhL 0°ge [N F LLS GO Ry Y 982Z £0 1 "ga2Z £99-299- 1
0 g . ¥ P a6651 RIS &L L 4541 e [ N Fd L71g STEY 9 £T0 £ 1992 £8-3290-0¢
0 ia L.} f T 66652 |7 [Nk £ 841 ' ¥ &°17 L°LS '8y E'YIZ 0 0" %4z i9-2a9-47
[ilii]} [N L £291 S'0BsE 27 1742 £ 902 [ 74 L7EE L7Ls 58y £7 192 £°0 (I R-TF £9-200-g7
0714 oz SELYL &7 27¢7 . 671 L'gZ £ E02 s 6 iz 1" IS LN 3 00052 f£'o L 68%2 i8-209-47
00 FAFEss L"RlsL L"E2E2 671 ¥ lZ 470z ¥ 6712 [ L 272052 £°0 67 L0s7 £R-3aq0-97
[ 1]} Y AE2 F'S1SL  Z-pag? 471 L4 &7 102 w09 612 I'is STEY L'9482 €0 97187 £§-290-¢7
0748 17992 £ 5251 STZYSE &L ¥ ¥ 6012 Y £ 6" L2 L°Lg S8y &°08LZ €70 0Lz £9-220-%7
0'ge P 067 0°68SL 2 emo7 (4 967 £%le g9 6717 L°is ST ey 0"%82 £°0 L7892 f@-2eg-57
0" Lol [ 117 TEYSL 0'SB0Z 471 &7 %2 B'si2 £ew &' 42 L°LS LN} L2 0 S LIz R-2q0-27
0°SEL 9 85E S RYsL 2 heee zZ°z £ Z2°922 L 2° 9t LIS g ey £Y21E £ 0°%21E  §£§-290-|12
0651 9285 &°195L g pect 4671 0-l2 0" ¥%2 2°85 £ 5% 1718 STy RLO9E £°0 STL09T £9-200-07
[i 4 ] [ ¥L] 0°&L51 S'6652 4L £'92 9 gy &° 201 LIy LIS 58y 1 818z £°0 RNz £0-200-4|
0°g0L 4799 e IEYL L"65EE  Z2°7 £z | [N FAriy L°is L9 ) WL fo ST eRst f8-220-51
0°L9 0" éL2 [ 40T I o o T 1°2 [ L i~ §7E21 S Y LS SEr 0°6862 £-0 a1 £B-300-2)
0°te 0 8v0L L 94w £7EEYY &7 &°6F 498 &°5¥L 2°EY [ ' 14 STy L'Bé%Y £ 7 2469% i9-299-9|
0°ng 6" L0SL 29N £ l009 &%l 5§72 P4l 14 £ 091 [ % L' LS LN 4°S629 £-0 9 C579 £9-200-g|
0°LlE 0" E20% 1 &d%YL P66 277 F A ry ¥ 205 1 95f 0°l% g 0% STy v o £°%ye £8-290-4|
0t L7500 9wy 271679 -2 P 2718t £ 287 ¥ &Y L°Lg CSTEY £ £ 0" oyep £0-200-£)
o l9 20482 1eevl £ L2 L o I 2oy 0°Ba2 L1799 D°is 1981 ] 2 IFEY f£o 6°9REY  fE-299-7
0°202 0" LE9s 07 00%L SR04y 12 07 oy Y aYRL 59 sT09 '8y L'} 0°0Z9 £70 L 6LLS R-2g-1L
oLy 0By &6 9Lyl | 992 | - £°52 7 vz 67251 £Zy L 1 L] 1"6082 £0 -\.E.EN £8-399-0|
(1] £ %28 £ 9L L& |2 917 CTREL L 9oL &4°2¢ Lo 1S STEy L'Y0E £°0 ¥ Yo0L £8-290-40
0°&d 219 £°04%1 & YLiZ2 Bl " L"&LE 2161 612 [ 58y 0°820% £°0 L R20E £9-290-pg
0971 Fa .7 2 ievL 274052 97y A r 0 ELE 0682 £°6E L°is L8} ) 'S8 f£0 2°S5g?7 18-220-40
0%z LU Y A T 6" S0EE 1”2 £°97 L720% L4 17 Lo 0 LS ey f'2E £ 0" 7R £8-300-99
0 &8 £ 951 &9y YERIZ O L7 &2 LIS Y E9E £y * 05 LN i) T2 o 4 92 i§-2g-¢q
098z ¥ 289 oY) I Loez 1°Z 1727 [0 47162 ey 1" LS SUEY YEMZ £°0 [ 1 £9-290-w)
0201 2758 S 04l L'z L7 [ .4 £ ITE a1 0°gt LIS CT ey Y2 f£o L"E882  £@-299-gp
0°s01 .t b 11141 £i%2 47y 0°gz 0" 08t b &7 12 L7 1S STy E'l60E f£°0 0" 460€ 0-200-20
(i 1.3 £ 254 ¥ 2051 4L+ A | 2'ee §Toy L"BEE 6712 0°is S8y ¥ ilZng £°0 [ ¥l £-2a9-1p
TEEEN E | EFwTErEsasy IIIII'.““H"‘“--I EEXTNEETUREES EEESw EEEEEEEETNEESEw
"l fl Zl Li ol & '} F 9 1 ¥ £ ] i ETL ]
'I.l.l. TEEEEREY EEETEEETETR - EEEEEE = | 2 2 2 EEEESTEEES
1INULS ONSHIVA SIOMI I NSHIAIG IVHYD TVNWD Lif Al ] TVNYD TVNYD MHS¥IWYN 5 ([ JRE}] I¥YNYVD Eul Lif iak} ]
0¥ L MO a.hﬂmh—.n ol Iviol ONHIVYIN ol k] ONHIYIN ONHIYIN SINIVIL NI NEH L INOEY 190
Exlal ELT “122v THEON LA THNIS IO TIAOINOY OHSHIWm YNYION]| 530 HSHIW M4 MSH3IALQ RGTE T
NEHL WON4 “HIIW "HIINW 10M WM SINIVId WOH4 WOH4 ] wIiol
NS¥3IAI1Q 4 40MMY I ELL TV g N E 530 FIV NN FOWdNNG ERL D
1330810 WM A L ELER “HIIW ol WOH4 Addns HIRONED Woyd
ELLE R Eki A EELiL 1] HilvM ELLE "]
HIAONET
s = 3 3 1 1



St G aawas and oua dcuswsimiade aliiBAA0 0 LdEIU 9L 0D UL IO - 44700 + GX100 - CH0D = LLEIOD ZH0D + LDD = £R100
BreLl &7 1YL sl LTO0EZ LT LT £4vE 291 0" lE 0°Ls L b 0'02sed 270 F8LEZ  ¥ESL “MYr
oSk 8L 271851 §TvEZZ 271 L' 1E g2l Yooy - M [ 14 &Y £°42v2 20 L 12%2  vye-uwer-\g
07 ¥l B 051 L7E65L  9TYEDZ 271 s =1} FUER 2°2% L'is SBY L'soZg 20 6°Y022  YR-wer-gg
0" wé 6158 SRISL STOREDE 27} 'y BEse 27521 §°R2 0°Lg 58y 6522 20 L"6%22  YR-Uer-47
0°Bs ¥ LIS 0°L¥sl  ETMS02 271 492 179 97851 212 805 Ty g2z 2o L2582 Y@-uer-g7
(L1 TR0l LTSASL fTaEL, 271 £08 LU0y 2§62 iz 0°is oY L7E9EZ2 Z7o S°EvZZ Y@-uer-42
117 0P STYIRL ®SLIE £ L 2 L9 0" Lys I 0°0s &9y L7682 ZT0 S°SS/2  Y@-uer-gz
0Tegll LTyl SRl vTewIL £7L 0° 55 131 0" 265 Brs2 L 0% £ L'ofZZ 20 6°6222 wR-uer-g2
0°gsl 6911 476291 LCADYZ 071 e 00y 1"4dz 912 205 S°gY £'9E 270 L'9Lz yg-uer-wz
024 4’08 2Rl LTETEE 670 Yo £°851 &°0F 9Lz LS S8y L4 T £72562 v@-uer-g7
0" 0% el E£'985L Y2182 &0 92 £7651 - 4 ¥ L'LS S8 £z ZT0 L"9y92  Ye-uer-zz
078kl 0°9L 676951  C°L0E2 27 1'52 Far. 11 B LE B-i2 7L ey L'9E62 20 S92 YR-uer-|Z
0°L7l YR BTLE9L &TmERZ 2T '8 L. 1! 072t iz L°1s L4 2’86252 20 0°6252 Yg-wer-p2
0°gul LW ¥ UL TRz 7L .0 I 651 Fa 43 gLz LS Sy 171282 270 670262 YQ-uer-4)
0 0wl 0"ie FO65L  LTESRZ D7L 2°0% 27451 L4 1 g L'is SeY £°YElZ 270 L*%2i2  yg-uer-gi
LIF4T 1758 2°amsl  s'gEz 27 28 6°%9L eIt 12 L L) £y 270 L9992  vo-uer-JL
0" 5§l "9 276951 wosEz 2 [N Fd (A F | W L°15 S°eY L'Z0sE 270 6°10SZ  Yo-uer-gi
0724l ¥ oR £72051 0°ZYEZ  Z'L Fa 4 £ 2470y 0 IE L1715 e iz z2o L"99EZ  YR-uer-g|
0-gvl L7086 LYEYSE  17SS1Z 0L [ +.4 791 SEY ST ES [ 11 oy 9IZZ Z°0 ¥ 1282 YyR-uer-y|
o'e9lL [0 ] ¥IRsL  gTisYE 270 12 ¥ aQ1 L"SY L™y | 14 SeY £oz9z 2o L0292 Yg-uer-g|
0'gvl 7001 6TEESL RTYEEZZ 271 ¥ 0L ] 1°%¥ £ s §eY ey 2o 0°REY2  Yg-uer-2|
07451 27T 75091 9w 2L £62 0%l f£°5s i 1 L'Ls S'eY FESIZ 27D YESIZ  YR-ueT-|)
0°4%1 LYl 9L freegz 2T 962 0" G2 2'ew Far [ 3.1 ey e Zo 9652 y@-uer-gL
L4 47 ¥l S0PL LTLiDE 20 e 27612 S e 1715 oY L'y 20 S'E9ZZ  yR-uer-4n
o'e yooeh FEYSL yL2IZ 2L 6" 52 STRLT 6 1LYyl 05t LIS L L [ 71 T 6'2lE2  Ye-UEr-90
0%l ZTIsY LT85S 0wz 27 e 27562 [ 4 L2 0 is S8y i¥SZ 270 ¥UIYRZ  Ye-uer-l0
0" 4oL LR FAN Fa' S L i - I | Fali 3 LT 2 £y 2°58 6°0% SEY £10Y2  ZT0 L"LOYE  Y@-uer-90
0°&e SOy LI R At TR | e £ 065 1"§92 Lz 4705 'y InEZ Z°0 Y Z20iZ  YR-wer-gp
0750l L 821 9TEZ9L 9'EveZ 0 170 L0z L4794 iz 0°ls 'y o'RE Zo ®LI0E  YR-uer-¥0
o ze 27221 CA % S [+ B 4| ¢'62 el Fa 1 " 4 | 14 L eE 2o YRz  Ye-uer-go
06l L 172981 @vsZ o' 'y ST s 912 L'ig S8y L"60d2 20 &2 Yg-uer-zo
09 ¥OElL STOESE ZTeER 0L V%2 P fes iz LIS L1 R zo 9°E2S2  YE-wer-(p

¥l £l 2l 1] oL & 8 F 9 13 b £ 2 i aiva
HHHII.IH'HHI.I....I::I.I.I.I EREE EEEEESENETNER EEEEEREEE EEERN ETENW
LNMLS  OHSHIVA  S1OWITT] NSHAAID  TwNwd T¥YMYD d¥0234  1¥WV) TYNYD  ONSHLIVA SIONITTL TWMYD E ] ) W03
T0HINODY  OLNIAID ol II0L  9WHIVIA 1]} IOV ONHIVIE  ONHIYIN SINIVY 1] nunL anoay EL )

a1 ELT " 130w THYOHLIA  DHHDSIO  TIADIHON OHSHIYA  YNWIOMI 530 HSHLVA ROTd  NSHIATD  77A03IW0Y

L LY WoH4 “HOTH ‘HIIW 10n WOHd  SIMIVIS WOd4 Wou4 "HIINW wi01
HSHIATD  JJOMTY ERL A V1T F9vdEnd " LINA3a 530 FIWAHNE  FIVINNd ERL D]

133410 HOH LLLELEE] "HIIW V1Dl L E] AlddS  HIRONED HOHd

A0VdnNd ErL Al JI0HNH  HALWM FIV M
¥ MO YT
L N 1 n 1 _ | B | _ _ n | a | A



SIONITTI 40 JLIVLE IHL O JT1EVINNOIIY SNOISHIALO LIFNIO %L1

EEEFF N R S S S ST EFFENEEEE =

OL#707 - 48700 + G#700

= #7003 = |00

Z8700 + #7003 = £700

T TN TN eSS EE AR ENEE L b e R S R L LRl EE L EEE L bt e s Tl 1 ]

L7ELL STIBZL LT9SSl LTEOLE 271 462 YLy Loyt 0% 4°0% ey L"ossE 270 6 6YSE  YESL "8I
0°Z6 FaN 111 FESsSL 2TIWEE 204 L 82 2 10 ST251 1799 L71s Ty ST 270 £T9E9Z YO-Rd-82
08zl &7 EYY 2785l STIREZ 071 F ATy L 90g £ et e LTS 89y &9 20 L°999E YR-9e4-82
0" Zol oy 9T9ESL ®EYEZ | 270 o°gZ 760% 4l 2’9 LS L'y @ o P29z ve-qe4-42
0w Fa FEFYL  0TvRE 271 L T4 ¥Iee £75%1 L 937 LS se 0"sige 2o e Ye-94-92
008 £ (L1 5. N A4 ] A ! 4792 67092 L7671 FIE 14 sTey I"Bsg2 270 6 L8652  Ye-O9R4-GZ
oze PUaYs 178551 L'vIEe 2L 98 0" g8 £T¥S1 L°sE LIS sTay £°990E 20 L°9908 ¥E-99d-%2
0 s LY 671551 Z'eme2 071 24 08 1.4 759 ez LTS S8y 7951 270 9°96lE  YI-9R4-E2
0" %4 ¥ 0L L34 T O ) W1 A | ¥ed 114 £emL £z L'is sy yessZ ZU0 27956 Ye-994-22
o7l P oI YESSL STIORE  2CL 0"&2 £719 £ 082 L°1E LS £oey SSELY Z°0 E°SELY  YO-9R4-12
o 0°290L  0°8ESL  9PIRY 271 2'ee £U5EY 0°g0E FAFY 0°Ls ey yRs 2o YIS YR-994-02
0°9YF  ITWEEL 9T9YNL 952y 071 952 974 ¥ oLy P i 0°ls e L°sYey  Z0 SEYEY  YR-904-61
U8 1] LoYLEL &°96YL &TUS9Y 271 "4 Z71es 05y 4 3 2705 e groles zo 90128 Ye-9e4-9|
028 9LES PUESL  fTevE TUL &6°82 YLLE Yol L~ L71s L] YERIE 20 LN Ye-gRd-f)
o FTEEZL 9T69SL STEYIE 27U g e vz ¥y s S8y 9THEE 270 el YE-GR-9)
0°te STEWLL STLISL &TEWY 2L Y a2 L*yly i1y i 3 o°is ey 9°08ES 20 970485 YE-9e4-5)
(L ¥ L°YRIZ YLESE  6TYSIS ZTL 0L e L3 L A ¥4 &'0% ey 67IEEY 270 LT8R YR-99d-YL
o'ee 9wy 976091 LUSE9R 271 9 UevlL a0l YK L'os &Ry Sl&LL 2O £°2644 ¥O-9P4-fl
0°4d &T0¥EY  ZU6LSE ZTTUIEY 271 £ £T08llL £T0S0L RIS 776y ey eSS 20 9SS Ye-9e4-7L
o°ie 0°E¥¥2  C°6%SL YeYEZ 271 e S 084 T L7LE sS4y e 908 20 L'90EE  Y@-994-1L
0" 0s £l yzest  Ltendl 2T 0°SE 6°0%6 6" LR ?0E &°6Y STy L"s092  2°0 679092 YE-934-01
Do ioL 1°9522  STHISL @TI9SL 2°L 7ot P T4 67559 L4z SU6Y L 09 270 @"sZ  Ye-9*d4-50
o°ig L8111 L7865 Tdloz 7L STIE ¥ oL2 ¥ 101 42 £°0% ey frae 2o l"adzz  ye-9d-90
07421 v 2°2651  £ImIz 271 LW 4791 iy FAFY. LIS sy FOEYZ 27D Y OEYZ  YE-9R4-40
0" gEl 67202 LEi9L geszz 271 e ¥ 002 vie ¥EE L7Ls e 969 0 a2 Y-904-90
08 0" LIE FvESL ZeEve 21 sz ¥y ewe £°901 L 1 L71s e R Z'o YU Y-94-%0
o'm L FEPSL  ZTessL 270 LI 9EPL [ T4 ¥ oE 4708 sy Y82 20 TIEEZ Y8-904-w0
0" %% LYl STEESE 2TM8EZ 2L it £°01s 0" Yot 1z 9708 L] 'eez 2o 0°RIgZ  Ye-9%4-10
L. 18 L°¥EEZ y2ssL LU9RSL ZTL 479t 97659 L 744 L4z &6°6Y Ll 0°0E%Z 27D 06292  ¥E-9%4-20
0 zZil L7821 2°GASL wEEZ UL 682 TSl 'y 142 LS L L'90%2 20 ST90Y2  YE-9R4-LD
¥l £l Zl Ll oL ] ] F ) 9 ] ¥ £ 4 1 i1va

TLINALS  OWSHIYA  SIONITT] WSHIAIO  TYNWD T¥NY] asod3d  TvwvD THNYD  OHSHIWM SIOMITT1 TVWVD E il L] J80234
TOULNOD  OL¥3A1Q ol IVLOL  DMHIVIN ol IV ONHIVIN DMHIYIH  SINIVId L1 nani L L VI

EELY LT T139W TREMHIN  DHHISTO  TIADINOY GHSHIVM VNV IONI £30 OHSHLWN ROT4 WSH3ALD  11ADIMON

1LY WOHA “HIIH "HIIN 1OM WONd  SINTVId HOHA L E "HIIM Wi0L
NSHIALID  J40MNY ELLY| A1 FOWSNd " LIN030 530 TIVdHNE 3TV EL LA

1334140 WoH4 L ELEE] "HIIW IViOL WoH4 ATddNS  HIMOWHD WOH4

IV SN v EELILE R ETR ), TIVdWNG
HIMONHD

| L n 3 ! R | 1 a | n a a 1 1 1



STONTIN 40 3LVLS IHL 01 I1BYINNOIIY SNOISHIAIA 1I3HI0 :YLeI07 OLNT0D - 44700 + QHI0D - 4100 = LLEOD CHI00 + K03 = £X700

Il.".nrnuﬂ"HHHHHlI.-..Nu.ﬂuﬂ"HHHHﬂuHHHu.ld.Hu"ﬂ“"li..-.u.ﬂﬂuHHHHHHHII!lH“"uHHHHH.I.-.IHHIHHHHHHHHIIHHHHHHHHlI-.lHH“HHHIHHHIll.-.I.lIIWHHHHHIdllnnﬂﬂuuunuuunul

26l 079591 ¥SESL  0°@S9E UL L'0E L2716y UYL 6 iy 1705 ey 0Ly 2°0 021y YHAL MWW
0" 801 9¥ES L6yl #ELYE &0 ¥ ez L ez eyl 1'%t LTS ey Yuse zo 299 YE-4WN- LK
09l £ 659 RSl LTI 201 212 27408 P! 0% Lis Sy T0%E 270 ¥ oviz  ve-dee-Of
0 fd SR L*¥251  97YRO0E 670 L s a1 0°9s1 999 0°Ls e Lto2ye Z°0 G76LYL  YE-JeN-4Z
0° &5 L7801 &°EYSL RER2E LTL L4 STEYY Fardr s gL 6705 STy 6°6YE Z°0 L7689 YB-JON-g2
0°i8 £7S191  4°SESL LC9ZDE. LT - 11 g 095 L7507 L85 508 STy 479558 270 ST9SSE  YB-4mN-42
0" &6 ETAYIL LTESSL £TLOZE LTL e 2°S1E L el 2'ls &°0§ ey Z°6B8E 270 0°6R6E  Y-1mi-92
0°96 0°FL6L 66791 DTRISE L) Ll 4 L Fa V.14 14 £°05 e £l 270 L"LisE  vR-deM-52
0" 08 BIIEYZ  &°9LEL 970&%Y 171 0°gf gy k1.4 iy &74% oY 0'Zegy 20 BULegY  ¥E-JUN-¥2
L) 9ISOE 0°YESL voERY LU 675k ¥ ogy L4 §'eE £°4% L) 58S 20 I"SEES  YE-JON-£2
0" L7040E  0°ESSL STEVER L1 e 2T ELY 47E5% sToe 5705 L 1'% 20 575269  YE-JWN-Z2
o Lot FUEVOS  STLESL FUOLER LT st ¥Le 0" 049 L &Y gey ey 2°g60L 20 0°E80L  YO-JwN-12
0°te PIZEOE  STOWSL  ltiv 1T ¥LlE Y el L*5E9 2755 L70% ey 6°9058 2o L£°9058  ¥@-JWN-02
) 599 ye¥sl 07g02ZY L) L"sE L™ 984 s'eve 6% 0°0s e °591s 20 0°S9LS  YR-awd-5)
0" GTEYEL BTN LTS L) 252 L7255 - 1.1 L7E9 0°1ls L L°LeS 20 STLISS YR-dwN-g|
o ze LILSE  1TLISE £°758% 171 ez Yo L L 6705 L L% Zo STLaRL  Ye-JwN-fL
06t L7841S &7ZESL 0TRL%0L L1 LLE °68LL YalL el £0s ey 0°SERLL 2D 0°SERLL  YB-J"N-9|
0°2v9 9IRS £URESL ETAZY 67D st Y2182 vallz 19 iy ey L"¥ys9 270 6EYSY  YR-4EN-5)
0 lé 0 fwi FTESSL £TLIYE L £82 1™ ¥0g £ ¥ £ 4 L*1s ey RSz 2o 9EESZ YR-IWN-Y)
L1 BTadl LEYSL vRILZ L7L 62 £ 'm L 11 L°is L L7092 0 STIvEZ Ye-dmi-f
ogLe #7161 LU L T B 4 T | L"eZ 7522 6716 || WY Lis Ll ¥izse 2'o 271252 Ye-awN-Z|
0" Dél £ 0sYL  0°USTL 1L -4z ¥LEE 27z iz &°0% ey £2%l Zo L7291 YB-JON-L]
[ L T4 471251 9UEEE2 L) £T92 0" 452 6zl 94z [ 1 ey £Teme  zZ°o LTS9YZ  YB-49N-0)
0" 68 ¥ ELz FTHESL  L7I%L LTL Fai ez £ Y52 171s L #'sElz 2o FEELZ YR-IN-50
0¥l L 2g2 BUEYSE 02 LTL goiE yoosz 78 2725 L°1s ey 6862 270 1°%662  YR-Jed-g0
0" % k174 STSESL  ETeSLZ 1 ¥ez 47582 ¥ E0L F A4 L°is sy Y0¥ Z°0 YH0YZ YR-JeN-fD
0" L& £ieg LPst  LrozsL 1L 2708 [ 3.} LY 2L Lis sy L'o¥iz 2°0 678512 YB-JWN-90
L. 92t P0ESL 0°SEEZ 27U 6782 996 ¥ izl 462 LS ey 4°€952  Z'0 L8952 YH-JeN-gQ
L] &7 SYE YRIYL 0°HDEZ LTI L 3 4 Love £LEL g6z 171s ey §°6¥sZ Z0 £5YSZ  v-IeN-v0
0" 01 2799t G21SL oYz L '8z P L g2z 1718 m £'6lsZ  Z'0 L6152  %9-4mi-£D
0" 64 ST6EE LT2ssl 1revzz 27 s 97262 g ERL 262 [ 14 L] i o £72152  Ye-Jmi-20
o°im ¥IsE STeESL 0'YMEZ 1L e e 95l e LS L £ o L1292 ve-JeN-L0
Tl £l Zl I ol -] g £ 9 5 ¥ £ z I iiva
TLINHIS  OWSUIVA SIONITI] NSH3IAIO 1YY TYNYD 0¥038 VW) TAVD  OMSHLYM  SIONITTL  TWNYD E Ll ) aeo03y
TONINDD  aL¥3NIG ol TWI0L  OMHIYIY ol VI OMMIVIE DMHOVIM  S3INIVIA L]l TVH L ELTL L ECl ]
ERL A ELT “12y TAYOHLA  DHHISTO0  1TADIHOY OMSHLWYA  WNYIONI 530 SN HOT4 NSNIAID  7IAO0INOY
niHL WOH 4 “HIIW ‘HIIW LoM WOHd  SINIVI WO L oL F) “HIIW V1oL
NSHIAID  440MNY EEL A I FOVMNd T LINa3a 530 V4N I9¥dNd Rl g
173410 HOH 4 LLLEVEE] "H2IMW WL0L HOM A Aldds  HINOMYD WOHd
IOV AV 440MNY  HALVA FOWduNd
J1LAONED



SIONITTL 40 3IWIS IM] 0L JTBVINODIDY SHOISHIATG LIINIO 94107

FEETENENEENEEESSSoggE=s==c=x

oL

U 724
o°gioL
(U113
0" 98
0l
0L
099l
07 LEl
L4
0°BEZ
o9l
[ rat
0°8Z1
0°9LL
0" LKL
0" Lz
0" 002
0" 6481
[ 744
0yl
4]
0%l
09T
0" LEL
0°sd
0201
0" g0l
0" ¥é
0 sol
0°4Z1

EREEEFESET RS S SRR s s

Tl

Gyl

£rea0lL
27 yesL
¥
¥ L50L
Y 2E6
479421
770041
£7100g
£°0929
0" ZiL
L L8
0" @sol
£74571
L°5q0z
g 9Nz
137
07E%6
0" 6EZ1L
Z°Zonz
£y
Yoly
T 56%
" 3 1
PEYS
9oy
7rezLL
921
g’ L60Z
5TFLY
°0LY

j1}

EE SRS E ST TCTTNEFEESE == mE

OLRT0D - 44700 + GWI0D - CH0D = L7032

ZF00 + L#70D = 70D

ELLLLEEEEEEE EE R ] e T Tt | EEN

T NEEEEES S TNEEEEEs SEEEE

TLINMLS  OHSHIVA SIONITT1 WSH3ALQ

108 LWOD
EELA
nyHL

LELELTI]
133410

LTEELY ]
ELT
WOHd
140NNy

FIERYL 47658E 0L 562 1 £%% 4419 0°gs L7008 58y £ 08t £°0 0°048% YHal ‘HdY
2706l 2TEME o°L 282 62K sz w4z 8705 (31 £ €70 0wy ve-advogg
9L 0°ZEES  0°1 5742 6°%E  0°LE2 8BS (3111 58y Y00E9 E°0 L00E9  Yyg-udv-s2
47287 60282 0L A B°9SE 9907 9°0g s sy YISIE £°0 LLSLE  vg-Jdy.gz
0°ESSl  BUA29E .+ 071 0°ig 6°00Y  YYEZ 049 o°ls (4 1) 2000y £0 ST000Y  g-adv-j7
0°2%L  LT8E0E  0°) £62 6°ESY  YUIRZ 029 0°1s c'ey e £0 Y YOYE  vg-adv.gz
STYESL  1TY0SE 0°) v 0 BTIES SURIE @Eg 6705 ey 9°900% €70 £°900Y  Yg-sdy.g7
ST0ZSL  §sisy 07 208 YOP? STesY  ZULY g 05 A 1) 4°9%s €0 99YLE  vg-sdy. 47
L'sgyl  STSEEY D'} £°08 YIRE £l 0749 9705 1) 9°E8IE €0 £ 82 vg-adv-gz
B°IBEL  0°0069 0L £y STREZL LWL 0729 )] 59y L'es0R  £°0 92608 vR-udv-zz
Y2yl LeEEZ 071 952 L°69E  ZE0Z 0'19 Lis S'ey 0°SRIE  £°0 LTRIE ye-advgz
£ 2Zlzse  0°1 92 200 9UEZ 0'E9 0°is 5By 9s62E  £'0 £ SAZE  vg-ady-02
76051 &TRLZ 0°) v 82 B85y L'M2 4759 01§ 3} 0°0L2E €0 L780ZE  @-adv-g1
270251 0°RZIE 470 22 YIS LBSE 0729 8705 (1) L1592y €0 yeozy  va-odvegy
0°L0SL Y SAYY 470 908 2L 9eEs  0°49 2708 sy STE9IS €70 s ve-advog
STI0SL  §°H2SE 40 662 YR 6P 049 ¥ 05 sey £°S2EY €70 0°s2ey  ve-sdv-gy
980 ETPRIE 0°1L 5Ty LY MY 049 176y sy STIYSY  £°0 2°2ysy  ye-adv-gy
STESYL  STSZZ &°O0 4 F] e UM 0le 01§ 4 1) LI'LIZE €0 BO0LZE  vg-ady-yy
67689 0TI9ZE 07 yiz 6°SEF LAY v 4705 cgy 9B £0 £9LBE  vg-ady-g|
L°68%L L&Y D7) 25 6904  9°€56  L°sg 16y 31 ¥ 0S¥ €0 L'osyYs  v@-ady.z|
9205t ZT0ESZ  0°1 B 82 SRLE L9 &°LS 0°1g 5°gy 670292 £°0 9°0282  YR-adv-yy
£°9U5L L9l 60 £z SREE LU 2748 oIS s ey FAL - TE 4] YRz yg-udy-
2567l 4TZ9EZ 60 982 YL Y8l §TE9 L1 gy 16892 €0 Y692  Ye-wdy-g0
2UR0YL vz 07 s 0°69E  4°61Z  9°E% (T S8y Le@92 0 Y eR92  ve-Jd¥-g0
LO9YL Z'9EE2 0°L ¥ 52 STHOY 1292 &°4E LT 52y YeEuZ €0 L'ERIZ  ve-ady-2p
LTS £URs2 0°L 082 YEY  STIEE v Uv 0°1g s'gy L'OEOE  £°0 976206  YR-udv-90
67L0SL 972682 0°L 69 N9 6TYSY  E6S 0°is Sy TR £0 STRYE  vg-udy-go
£72251  Y'sa&if 07 vif LI'y08 Il €59 905 s°ey L"696Y £°0 2 e9sy  vg-sdv-yp
9°LISL  I'0%0E  0°) 2 £8% 27168 smg 1o cgy 9SUE £ STSLIE  vp-ady-gp
925l L2 S0 562 YY8Z  6°SYL 0°6E L 59y RIEZ €0 Rz v@-adv-zg
2°25%  0°s0SZ 470 952 0°&LZ  6°5Y 9K L°Lg sey £ 1%E £'0 019z ye-adv-10

Zl 1} [1]1 & g I 9 s ] £ Z 8 3lvd

TVNYD TYNWD 0NOD3N TYNYD TYNYD  OHSHELYM  SIONIT1]  TWNYD Eulp) N0234

ol iolL IMHIYIE ol EHL ONHIYIN DHHIYIE SINIVIL Nl naM |l Inoay EHl )

“120Y WHIHIA TNHIS1O  TIADOINOH QHSHLIVA YHYIOM] £3a OHSHIWA [y /0 F] NSHIALD 71TA0IEON

“HIIW "HIIW 10N WOd4 SIANIVI WOH4 WOH4 “HIIMW WioL

ERL A v IOvdend " 1Na3a 530 FIVdWd TV NS I

WO LLLELEE] "HIIW wviol WOH4 AlddNS  HIMONNTD WOH4
AN AN ERL A 440MNN LEFR L, ATVdAWNd

HIMOMHD
|4
| a A | a a 2 a 2 L _ -



SIONITIT 40 3IVIS L 01 T18YVINOIIY SWOISHIAI0 133410 BT Rk

OL#I0D - 48700 + B#100 - E400 = LN

CAD &+ L0 = £#700

[ ] STI0ZL L ! "LIL/E L°L 0" 0E 0" &8 977 L 99 705 ey * LA0Y 0 0" L&0Y w51 "AVM
[ T4 L"ELLL S S09L STLOvE 071 6762 4"y F ¥, 1759 07 is Y S'608E %D L608E  y@-Ae-|E
0 g0 ETREEL £ 9551 STESY9Y O 0° &g €785 EELY L ¥ 46705 STaY B 46025 ¥ 0 ¥ &025 3 -AuM-0f
0" ¥l EUERE  LTAISL £T90%S DT 987 ¥ 208 & 629 T L7085 191 STLELY  ¥D L7I9L9  v@-AeN-42
0902 L70E%S LWyl &' LD 071 0" sy S L1021 L7 LEoL £8 0°gy 5By 0°&9L0L %0 0'69L0L  v-Awn-g7
0 fas AL DTELYL YEOLY , 0L 1°62 it 0" Sé1 £°ES LIS SRy 2°4%¥05 Y0 g 9vs wﬁux.!.hﬂ
0 E501 L'2G5L 9°94%  O'&MSE DL iz L%y 0" Z0E £ u 0°Ls STy £°LZY %0 8°92%  Yo-Aup-97
0°06LZ D°DEEE  ®TLYSL  §TAYDE 0t FF 1 8029 £ aYYy £ 8 gAY 59y L"%98 %0 175599 vg-Aun-g7
0481 oL OTLLRL 2UsDee 201 2°0E £SIE L"0L2 1759 0°Ls By STLS5% %D L1859 y-Awn-y7
0°g52 L7298 2T 14SL L792LY  £71 I°0f YTy 9082 £ &°0% STy 209Gy ® 0 27095y y@-Aw-g7
0" 95 £°001S 9TI9SL 2058 7| 0 oy 27wyl [ 714 £ 2L ey S8y 471026 %0 €T L0248  Yg-Aen-27
0 022 9 ooy YEFSL O @TYROZ 2L £ 0E Y ez £790L 69 171s 58y I"LEEZ %D L°0EE2  Y9-Aey-|7
0" 604 L" L4271 0 EL¥l STLIEY D71 LW ¥4 oY 27082 o9 &°0% By Y lAY %D 0" L&LY wﬂ.h.l.ﬂ_ﬂ
0"Y0EL ATNZ TRISL YOZEE 0L FAF Y] 191 74 £ 9°565 LIS STey Z°6Z1Y Y0 EZLY  yg-Am-4)
i R £ 491 " A ¥Y Leese 274 470¢ L4 T4 £ 'Ly LLs sTey B 0%Z %0 ¥ 02 ye-Amy-g|
0° 52 L&l Py T A L = B M | Y e L ] F 1] 171s 58y 2795y %0 Y9SN vg-AmN-J)|
0" iz £7L61 L7I9SL 172502 01 '8 L .14 9°&L £°09 'L STEY 6°ERZZ YO CTEPZE  va-AwN-9|
0" zez 29z 0°LPSL  &°GAET 2L L' ¥ ez 0-vg e LIS ey 6°EI9Z2 YD SEL9Z  yR-Awmn-gL
0661 9 ivZ £°955L Y9807 0L P F 27152 0" 68 L L°LS SRy Yy IZEZ YO 0°2212  Yg-Awy-v|
0 oy2 Fariid S AEYL YROEZ 071 [ - &L 47601 g2l 0°Ls 171 ] £ L9l Y0 4°09LE  Yo-AemN-f|
0" 92 YRz USRSl E£T4SEZ D71 ge 0" a%2 £ % 1755 LS S8y SZESZ YD L"79S2  v@-Aen-2|
i< T 'l Y 0" ¥¥5L [ Sl 1T A 992 L 992 2°LoL £59 L°LS L9 ') B'LlZ2 %0 Y ULZZ  vR-AwN-LL
L1014 2°L0E LTESSL F0LE2 (10 F k] g o9 o090l 2 g5 L°1s 198"} ) 27 Y09Z Y0 g L09Z wg-Awy-0|
0" 29l L71ZE LEESE  9ESEZ 271 062 ?°¥92 STOLL L 1] 0°is 58y Y0¥ YD n.g..fﬂ G -Awl-40
069l Fa £76ESL Y E522 o1 0°LE £ 122 L7611 0795 s ey FaL S 0 £ Y2 ¥-AnN-g0
0" 691 g oLy 0°YPsl  E°SELZ 2L [ . L7962 19 T4 ) £ LS STEY SESYZ YO L ESYZ  y@-Aew-Jg
0Lz L Ry Yy 0°&dsE 2L 09z " Y0t & LEL | 7} L° LS ey 6°8S82 YO STEEEZ Yg-Awn-90
0" g9 ¥ 475 9 gEYl 2SYEE 071 '8 £ 0L syl £l 171s .oy £°929C ¥'0 87 529% Ya-AmN-50
0" %02 ST0Re 0 LISl ELZEE 271 L Y ZEE 9°461 £°EL 0" LS ey £ Yo 675298 YR-AmN-4p
"9l Z°0R9 Lvayl 082y 270 4762 ' 11 0ol £ 8L 0 Ls STEYy 6°94E5Y Y0 CTOsCY  wyg-Amy-[p
0°0gl Bl 172261 L"e&9¢ 271 £ 62 £ ST E9L £ 8 0°Ls STy £°900E YO 6°S00L Y-AmM-2p
0° 221 sTow 0°YESL  L°MIEE D071 '8 D" 22§ °°E8L &°EY 0°1Ls 58 LYE YO B'99E yE-AeN-L0
RS EREREEESICENNE e =m = TENE L L
Tl £l K4} L oL ] ] Fi 9 5 ¥ £ ] i alva

“IINMLS  OHSMLYM  SIOMITT1 NS¥3AIQ TNV T¥NYD 90234 TVRYD TVAVD OHSHLW SIOMITTT  TVYWYD FIVD e 3

TOMLINDD  al¥3AIQ ol Wil TINHIVYIY ol FIVD JNHI¥YIN DNHIYIE S3INIVIL NI NEHL JADEY I9v0

Eb Al ELT " 122% WHOHIA JHHIS10  TIADIHON OHSHIYM WHYIONT 530 HSH1W "4 NSHIAIG TAOTIWON
naM1 WON 4 “HIIN "HYIW 10N WON 4 SINIVIY [ F ] WO "HIIW IviolL
NSH3AIQ 440MNH Ek LA Eb L] FIWMNd 1030 530 FIVANND 3TV N ERL A
1234140 WOH4 L EELEE] "HIINW Twiol WO 4 AlddS  JLAANND WOH4
ATV AN JA¥1 440MNA L ETR ] Rl ]
HIMONET
E T 3 3 n B L@ I8 A (m e e 1T 3 o



SIONITIT 40 3IVIS INL 0L ITEVINNOIIY SHOISHIAIO 133410 :yLeW0D OLNT0D - 44100 + SH70D - £X702 = LLAI0D ZN100 + L#0D = ENI0D

4H"““HHHHH.IH.I.‘.-.J.IHﬂHHH.H"“ﬂﬂﬂH.ﬂ.“.ﬂ“".HHu.lH‘I_lIHﬂ““l"“ll‘lI.II'.'I‘P-“HI.._'.'II. EESCEETEEEEENEEE SR E SR TN TEEN

001 2TeYS FAFAY A 1. S A § F 3 LW g8 401 2oe 0°is £eY ?°0E2ZY 970 0°0E2Y  YB4L “mwor
SRS ST CTINTEEEEE=S=SS==Ss=s==== W EEEEERETE B ESEEETNEEE SN LLL LUl 2 i LR R B PR R g e
0"%0EL  27ivl Z'e0ll  LTRISE 670 0°g2 grzae L2y 4708 LS STeY POLIE 9D 0°0LE  YR-Ur-DE
LN ¥ 4 S R ¥ STeRLL ETATYE 071 4728 6" 52 £y &7 08 [ STay LML 970 0°E99E YE-UNr-42
0°ZLLL 9 0mL 27E0WL LT49sE 2L L 1 174 g2 6708 L7is £eY PoLE 90 0°0LLE  YR-unr-g2
0 LELl LTReZ YRl ETLERE ¢ 470 13 .1+ 4 6°0R o°is ey 97150 970 0°L50% y@-unr-jz
0" SE9 Fa 374 gLEll etINE 27U 6728 L Tr 056 &'09 17is STy 9°9RsE 970 0°9est  YR-unr-97
a0l LU 2R LU YIEsE 0L 6762 0" lge 9 901 6708 [ 14 L 9°6EZY 970 07882y ‘WR-ur-gz
0°0%% ¥ L85 ST YEsYY 47D .4 ot 47591 &°09 L7LS s'ay ey 90 0" LIeY  YR-unr-¥z
0°SELL §°L602 Z'EOLL A7YNIY 670 ¥t £715Y lLe 4'm £70% £oer FTEPsSY 970 0°S9sY  YB-unr-g7
074901 £°S0EZ  £°9E9L  ERIEY  O') 3 9688 665K 609 £°0% e i 90 0TLER?  Y-unr-22
071201 £°82Z  LTLISL LTSRLY 0L F 317 £71z 9708 609 1°1s sTer 97EvEY 970 0°EPEY  YR-Ur-L2
0°0ZLL 47R81 0°ELSL RETRE 27) L4 (4 14 LS &7 0% 0°1s L L Y0y 970 0°¥P0Y  ¥-unNr-gZ
0"z @ £°2981 Z°OSLE 071 &2t 14 &Y 4708 L is L IRE 90 0°L96E  y@-unr-4i
0°gE0L  9TEEZ 49602 ZTONE 0L 0L LW 174 015 408 LS sy ?SILY 90 0°Sily Y@-unr-gi
0°sY0lL & LZ 0°LS0Z  ¥°SSSE O°L ¥ 62 92 L"E9 &' LS ey FoLE 90 0°0LLE  YR-unr-f)
00491 Yot e 4TI%E 071 £°42 [ = oL 608 171s ey e°iEly 970 0°lely YR-unr-9|
0" 559 gt YeeeL  LreeZy 271 0ot f-zve 7w 609 I 31 ey TSy 90 0°9ZSY  YE-unr-giL
0" ¥0& T4 LTovil  0°ELEZY 2L g2t 2 0ez M- 609 {3 4 L4 Yy 970 0°L9YY  YR-UNF-¥|
0"l YRl PIYEL STIELS 2T) L¥ 0SSy 6%z 608 £705 STy 974558 970 074555  Yg-unr-gi
0°99% 47652 Yoz STZISE 271 07 67182 ¥ &°08 [ 1 L] YRIE 90 0°YLiE  Yg-unr-zy
0°990L  ZTl0E 6'Eall  ZTIsBE 0L 671 £ L &' LS L] RLLY 9D 0°9LLY YR-unr-|)
0° 684 ey STeSIL ZTEOOE  O°) 292 fue 6708 6" 0% L7is ey "é¥2L 90 L79%28  Yg-unr-pi
0'gevl £les 0°SELL 295 071 262 0" sg2 2" y0i &°0% 6705 ey 0°%Es 970 YRIS  YR-UNT -850
0°s90L  gULee L7 gTue 5§51 113 0°2%ez L L9 LS STeY £°YLE 90 L7ERIE  Y-Ur-gO
0°y2El  1°EEE STLISL LTESEE 271 it 0 L2 909 &'0e 0°1s L 4 s°lEsE 970 4°9RSE  YR-unr-2p
0"%lZL  ETEsE UYSAL  STEEAE £7 11 9e9z \'se 408 0°is SRy sTizZy 90 4°022y YR-unr-9g
072600 9°YIE YL Z'90SE 07 £728 6022 L &°08 0°Ls L} L7S%E 970 L°S%f  Ye-unr-go
0°LYOL &7 Y2Y YL0EL LT2YeE Z2T) 970f 48z L7948 L [ 4 sy geest 90 Z'emL Ye-ur-yo
0°9s0L  97L0% L7019 9UR2IEE 0°L L4 ¥ Ds2 67ELL 694 L71s e SISt 90 6°%SE  Ye-unr-fo
LU 1Y S A VL 27004 2TESSY D71 9Lz £°eLE 67 LKL 608 L°is ey &'vey 90 "yegy Yg-uw-2p
o"Le 0 e 078691 9UNE 271 282 yooRE 0" 5@l &'0F o0°1s L4 0'seny 970 ¥ YR0Y  YR-UNr-LQ
Tl 111 Zl Ll oL & 2 F ) 9 5 ¥ £ 4 I alva

EESSTTEERE=EESSS TEW FERES - TEEREERERS LA =

TLONHIS  OHSHIVA SIOMITTI NSH3IAIQ  TvNvD T¥NYD ONOJ3d VMWD TYNYD  OHSHIVA SIONITTT TVNYD E ol ) 0u0034

TOMINGD  OL¥3ATG al WI0L  DNHIYIN ol TIVD ONHIVIN DNHIVIE SINIVID L1 N¥HL anoav FIVD
ELLD) ELT e TREOHIN  ONHISI1O  TIAOIMOM OHSHLIWYA VN IONI 530 OHSHLYM MOT4 MSHIAIO  TTAD3IWOY
MNHHL HOH4 "HIINW "HIIW 10n WOH4  SINIVd WOH 4 WOH4 "HIIN oL

NSH3IAIO  JJONNY ELL D 3T I9VdWNd  C LONG30 530 TOVdWd  IDVINING ERLD

1234140 HOHd LLLELEF] "HIIW Wil WOHd4 AddS  HIRONYD WOHd
INVdWNd ELLD) 440MME  HILWA FAVMNd
H1MONET



SIONITTL 40 JIVLIS IHL 0L ITEVINNGIIY SHOISHINIO L1JIHI0 Y1030 OLAT0D - &¥°00 + BN - £47900 = LINI0D ZN10D + 103 = EXI0D

TN ST TN NN S S S S a R TN EEEE RS T o anEE NN N I S rE NN SRR TSN

LoeL 9dvz L2661 STRIOY O ©L £ vz LA 086 {1 14 £°ey LRy @70 S°6EZY  ¥@SL WK
0L S0y STLIlE LY v 171% £z [0 4 8 1. LULs sTay g'esey 90 095y  YE-1Pr-Lf
oTERIL Z2UaY Lrosoz ETEWE YL e 8 222 L%2 2766 1715 L] #°ZEeE @0 0°2E6E  Y@-17r-DK
0" l0®L  £719 SEleL eSOy £l LT 3 T L[4 2766 L71s L LLZY B0 0°LLZY  YE-INr-42
o'l STes £°009L  ¥YURDY L°L oL F .54 0"z 2766 LIS &gy Y 9°0 0°2g2y Y@-IOr-92
0°swL giElL &RVl &TIBE L ETL it 2 fzz L4 L6 LS STy g'eRst 970 0°9R6E  ¥9-INr-22
0°ESEL  ¥Ev STLELL 1TEOZY £ {13 67682 L'LYy 2766 LIS L) LYy 270 0°LiYy  YR-IPr-92
0°s0%L 97191 L7Zeal wrYORY 9L L sg s 92z L ¥+ 2784 0°Ls STEy 188y Q70 07168 YQ-INr-52
0°§291L  £76YL 67Zv02  4T1EEE 97 &°9E . A4 ez 2766 L71s ey 7m0y g0 07 LE0Y  YE-INT-42
0"PIsLE 19 GTESEZ  £Tl6ZY 97 LY Y22 (31 8 4 4708 LS S'eY gmY w0 0°2evy  YE-1Nr-£2
LU L N A 7. L™9602 Y50y €01 9°sE L 1T L 1 r ] LS Y gEsZyY w0 0°gsZY Y@ Inr-22
0'&ZBL 0oL LA TN A VL S e L 0% £y 2768 LULs STy Y 90 0°RlYy w-Inr-12
072491 S°SZEL 9OYLZ  LT9I9S 97 Y ¥ olE 4121 2766 0°0% STy B"ssss 970 075865  ¥@-Inr-0g
0"&591 0789 L7651 0TLRE vl 69 ez 2z S°Ls L71s sy °ss0* 90 0°550%  ¥@-1Pr-6i
ez 1w 74202 T°RISE £ L 17 92z L X4 2766 0°is L WLy B0 0°'9FLY  Ye-IPr-gi
009l 4ER 70 ET2YE ¥y §ra22 g0 2766 s ey gRERE @0 11 S R L
LR 5 S < gTIsIZ eE0lY £ 47 LI ¥ it L LS SRy gLy w0 0" L4Zy  YR-INr-9L
0°EvelL 47901 £°2512 STslE YL L4 Y Y Eee L7 L 8s LS STy @sE 970 0°968 YB-1Nr-SL
0°FEPL £7Evl reslz sTeRyy vl 1"2% 314 "9t L4796 [ 31 L) eey 90 ey YE-INr-vL
0" YL 9Ts02 6°¥0ZZ  YELOY YL " 11 e 0" s¥ 266 L°is L) ogZy 870 002y ¥9-INr-£l
0 4%l ST0ZE 0°essl  9TOEEY  £°L e L4 65 ra. ] 0°1s S8y °sssy 80 07655y  ¥@-Inr-2)
0°826  &°%AL YWl L°ESZY  £°L LK S eyy e ra. ) £°0s L'y L 2799 Ye-1r-LL
D°E6Z1  L'9SEL  0°JE%2  STE9LS ¥y Yoy £°55E 27451 Z'es £'os ey PalYs ©°0 0°&LYS  YE-I1PT-DL
0"yl Y9 L4 1A T 7.1 S | o '8z ¥ oL 2754 LS &TEY gl0sE  E°D 0°1065 ¥B-17-40

0°ZLaL £ LSUIL YU LID0Y
0°iLLl &Tew oERil BT
o'0eel 000l 2701l 476L0Y

I 42t 0 a2z §T0f 4788 L7LS ey sy w0 0°esly YE-1Nr-B0

I

]
oy sELL &°6881  L'9oy ¢

I

£

I

I ¥ EE ¥y 2ee 9 L7146 1715 ey e 90 07216k YE-Inr-L0
I 0" ¥t T (4 2766 L71s s ey g0 o2y Ye-Ir-90
- ﬁ.wm _w.mnH c.wn M....E_ _.._.n m.ﬂ.._ .n.__...uudn.a u.hﬂﬂcwﬂ-u:?na
_,
_.

0°E991L g9 0°ERIL &7 ¥ESE L ez &6 EL2 LSE 276 0°is ey °0%E @0 0°0%E  ¥E-1Pr-%0

Lo B A 1 | YRAEL  PTELYY - st 27992 £°08 £ 605 ey Y 80 0°S29Y  YE-1Pr-£0

0TEREL SR 276961  6°E9SE  £7L 0"t L0 T4 sk 2788 LS ey @RIE B0 0°9LE  ¥E-1NT-20

0°L6LL B0 09 STEFEE 10 a2 L3 T4 7 2766 L7LS L LISE 80 0°LISE  Y@-IMr-LD
rl £l Zl L oL -] g £ 9 S ¥ £ Z I ilva

T ER Lo FEEEEEEE EEE TN N S EEETETNEEE NSNS Lk EEFENEEEER

TLINYLS  QHSHIVM  SIONITTI WSHIAIO  TvWYD T¥NYD quod3d  IYHYD TYNYD  OWSHLWA SIONITTLE TWWWD I il ekl

MULINOD  Q1¥3AT0 1]} IL0L  OWHIY3IY 01 JIVD  ONHIYIN  DNHIYIN  SINIVId L1 nanL anoay VI
ELL A ELT "1 TMHOHIA  DEHISTO TIADINOY OHWSHLVM  WWYIOW] 530 H5¥1VYM ROTd  MSHAAIO  TIADINON
nEnL WOH4 “HIIW "HIIM 10M HOH4  S3INIVId L L E WOH4 “HIINW wiol

HWSHIATD  JJONNH ERf ) T TIVaNNd  C1IN030 530 FINIWNd  TIVIWNd ERL

133810 HWoHd T¥EITId “HIIW wiol WOH4 AV4dNS  HLMaOMHD WOH4
ELLE L E] ELLE) 40808 H3ILWA FIVJWNd
H1RANYD



SIONITTT 40 3LVLS UL O TIBYINNOIIY SHOISHIALO 123810 418100 OLRI0D - 44700 + GHT100 - €403 = LL#0D X100 &+ L#02 = £RI00
Fal 11 U ¥4 LAECA TN 7. L S &' £ yee YL i o'Ls sTa ¥ EDZY  ®°O0 9°202y  YBAL “onv
0" 566 2 0E ST6LLZ STRIIE YL 11 £z iz 0" 6@ LoLs ey eNE B0 0'904E  ¥a-Bnv-Lf
0L @SR YAIEZ LTRATE YL ¥4 6112 g5e e L°Ls ey Al 90 0°&LYE  ye-Bnv-pf
0l2e  wLY 8TYPRE YLALY %L . 1 6778l L*%2 'Ly 1715 sTeEY geEEY 90 0°BEEY  ¥@-Bny-42
ocive s L T i | (311 77281 L"y2 (1) L°is L 9'9S0E %0 0°9S0E  vg-Bny-g7
07E00L  £77E 076502 S°4BYE YL ¥EE £ 202 I°y2 U Lis L B'659 @70 0°6S9E  Y@-Bny-17
0°0l0L vUEE TSR LTDZIE L7L L 121z L9 2'ee [ 41 ey Lt ) 0°I0EE  Ya-Bry-97
LU S 1A ) 1 L7s|él  1TYRZE  £E7L 2t 9022 9z 9 [ £ STEY 'Zve 20 0°E2¥E  ve-Bny-gz
o'sooL £U2s 671861 STEOEE £ i frizz (1 98 L71s sty gl g0 0°L&YE  Q-Bny-92
07LoL 2R 096l DTLEYE  £°L 017 £z [ 4 796 LS ey sl g0 074198  vg-Bny-g7
0Ig2ZL  &°9Y £ LHZ 1rzoee £71L L3 1 L T a2 P LLs ey B°0sEE B0 0°05EE  YE-Bny-Z2
0" 0Ze ¥ 0L 672902  LUISYE L 0" 5% £°902 ¥ £ L71ls ey ST B0 0°S29E  Y-Brw-L2
0'gist @'y PUESSL Y29BE  £°L 4728 gLzz Lz b 171 sTer 7250y 90 0°250Y Y@-Bny-pZ
0"EEslL LTZ@ I YeEY L 662 0"gzz vz 7o L'is L gassy 90 0° 655y  ye-Bny-4l
0°'sdgl LyaL STeMEL LT26E 1L 22t £z Lot LA Lhis STy g'soty g0 0°S0Ly  YR-Bv-gi
0°¥hZl U89t 675561  £TsEEY v it 6'¥22 g0f 97 L°Ls e RISy g0 0°EiSY  v@-By-y)
0°p0stk 8765 aEz vy vl £°st £z 83 96 [ 11 ey Yty @0 0°YEEY  YR-Brw-9)
0°ZElL 97es L7ESZZ 0T8OSy YL £LE 6" 0E2 L°9% L (3 11 ey Iy 90 0°£0LYy  yR-Brw-g)
0ELdL sTow $°0R02  £UEEY YL L 11 L. T ¥5Y L U 1 STy sy 970 0°¥¥Sy  y@-Bny-y|
0'LELll fU2z1 276002 4T160Y £7L Ll 11 £75s2 Ly Ll s L @riEyY 90 0'¥lEY YR-Bry-gL
0°saLl 8t 202 1°Y0RL ZULLSY  ECL 'de 9 iwe ¥ is 979 34 e zily 90 0Ly ve-Bny-z)
0"oEwL 0709y LI A, 3 B ] g0t L4 2785l 7 L71s £ osvy B0 0°069%  yg-Bry-||
0°EEY  ITWIZL CURLEL LUe9SY L1 L4 L7615 0°5¥E ] L71s Y L7 0°£205  vE-Brw-pi
0°26L1  ['22%2 £°0522 @YYRS L &Ly 9] 27195 97 9748y sTeY 7095y 170 0'0vEY  Ye-Bnv-s0
0°sesl  gslz BTRIZZ veLLY £7L Ly 27ERZ [ 1 9% 0°1s L L 9°8lSY 90 0°6LSY  vg-Bny-go
0°eLsl woIvL LEYEZ LY ETL L9t L L ¥oe 97 L is sy 9'i56Y 20 0°L56Y ¥@-Bnv-p
0°LEEl 95k YEVRZ  YO0S0Y 671 L9 2'v2e L ot s 175 s'ey iy 9o 0152y yR-Bnv-9g
o'l sty 6812 2emE 1 275k Vezz - I L L71s ey ZvE @0 0°2Z%E  ye-Bry-g0
0D°LISI  B°59 £76012 0710y 9L LR 1 Fa 114 56 9 1 s &Y Lvey @90 0°1%2y  vE-Bny-yp
07¢EEL £T99E PEILE ETYEOY  L°) &°0t L'ELS 0TéLE 979 [ 14 L L oISy 90 0°0LSY  Y@-Bny-fp
09l L7eY LI STSMLY 1%} 1y sz 452 77 L°Ls sy sy 90 0°S2EY  Ye-Bny-2g
0Tvil 9 B7I922  ¥'9ssE  9°L &9t 7oz g9z kA L°is £y B'ley g0 0°LELY  Ye-Bnv- L0
EEETEEREEES=Eww NN NN EEEEESECENEN -
¥l £l 2l L oL & g £ ¥ ] ¥ £ 4 I alva
TLINMLS  OHSHIYA  STONITTI NSHIAIO  T¥WYD T¥NY] qu0a3¥  TYNYD TYNYD  OWSHLYR SIONITTL  TWMWD FD 0234
T0WINOD  aLH3ANG ol WI0L  OMHIYIY o1 JIVD  SHHIVIE DNNIVIN SINIVIY L1 nanL anony o
ELL ELY) ‘1w TRYONIA  DHHISTO  TTADIHOY CHSHLYM  YNYIOW] 530 OHSHIWVM ROTd  NSH3AIQ  T11AD3IMON
nEnL HWOH 4 “"HIN "HIIN 1oN WOH4  S3INIVYA HOH A L E] “HIIM wviol
NSHIALID  JJ0MNY EEL D N1 I T 1INA30 530 FIVAWN  ITVINNG Eh L
133810 WOH4 WHIOIL  "HIIW wiol HON4 ATdNS  HLIMANHD WO 4
TV N v 440HN8  HILVA IV dRnd
HLAONHD
B LN DN 0N N R I3 8 O e M Ol (08 e o



SIONITT] 40 3LVIS IHI 0L IEVINNCIDY SHOISHIAIG L1I3¥I0 :4L#707

OLN100 - 40102 + BAI0D - 4100 = LIAI0D 28100 + LN02 = X700
SRS W ZTREPL LTRASE LULDY 56l 6 g2 L. ] P69 605 L vy 50 £79%2%  YBeL 43S
FEEEEE NS S s sE SIS TSNS ITICINNNEEN N TN NN ECEEESSCEISNTNNENNEEE TEwE
0°L1oL £7En £aRYL &TWSZE 670 49 ¥ iz 9°Lg °nd L7Ls ey £TRYE STD D°96¥E  Ya-das-of
DULSEL  LUENL 0025t Z'E20Y &0 £ L 1Y) 2ol [ 31 sTer STeNY S0 0°6%2y yR-deg.47
e 12 L'L9sL  §°Zs92 470 e v eRe e 2oL [ 11 L L) S'slsZ 50 075182 4e-des-gz
0" 1R STRLE 679851 S&°OIYE 071 478z 19 S 94l 'od L'is seYy STév%E 50 0°6%E  Y-des g2
0" £ LR £TZOSL  LTEPSE 470 F 4 9 oay 67528 2oz 0°Ls cey g0y S0 0°LE0Y y@-des-g2
D'ESSL  9°9RIS  YUIYRL  0°SZYE 0L L1y taa 7.1 9rs09 270L ey s'eY 79586 S0 0°S586  Y@-des-gz
o i PP I 678891 U DL 0°82 £ese L1 2'0d [ 14 L STZ69E SO 0°269¢ Y9-deg.-yz
078501 1 WE2  £7255L WYY 0L ?TIE 2 oL 4 1 oL 0°0s L S°YNIS 50 0°yyls  ve-des-g7
07088 1z STAITL  &TEYIE 0L iz ¥ Ive v 270 Lis sy S'esYE 5°0 0°9sYE  4g-des-22
0°s00L 9oy L2mdl ETIEE 0%l L"LE "%l 52 27 L7Ls ey STRY S0 0°9LYE  yg-des-|2
0" &6 LEY 47081 &°LOZE 071 0L %61 e ' L"1s ey ST9PEE SO 0°99EE  ¥p-des-02
sy L1°2% UYL ZEloE ZTL I 62 £l LI I Z'od {3 14 T STallE S0 DALl yp-des.g)
(U1 B . 3 L8991 s &0 N -4 690l e 59 LS ey g'NeE S0 0'9rlE  ye-des-gy
0°2es £°9% YEI9L 9EISZ 0L §ae L=1} 452 ' LS e £'3ss2 g0 0°Z662 yg-dos-f|
0%l 19 ¥HSL 00828 DL e o°esl g2 ' L7Ls ey i o 0'L9YE  yg-des-gy
06001 0°YRL YEYSL O ETMNZE 60 e greslL o'og 2 o 171 ey ELYE SO O EIYE  yg-des-g|
LN T 0oz PTYZ9L STelEZ 07 0°62 0°ELZ L'eY oo o°Ls ey S°YOlE SO0 D" YOLE  Y@-des-y|
0" Das s E'6ZlL &°vRE 01 L"re s M 'od 9705 STy STLE0Y SO 07250y  vg-des-g)
o'ols 1 el Yorz 2t Lot 0002 270t ' Lois L &'LsE g0 0°Llé2  ye-deg-Z|
0°999L 07959 L7299 ¢'vE 27| L% 1 £ o2g o' isi ' L°0% L £'9268 S0 079268 ye-des-y|
078221 L6 0ToYeL ETZAIE 27 2742 27 6L ez 13 L7Ls £ar YL S0 0°YsE  yu-des-pL
LLAFA 7 L7 02 678551 Z'veeE 271 192 T ave o'oe 2oL 0°ls Y ST0IsE S0 0°0ISE  ¥R-des-40
0" 29 L 14 oRRL  STEzeE 27U &6°0% 17892 0" e 2708 ey LYeE  ST0 0'LYeE  yo-des-gg
LU Y ] S .t o L'2Z9L  STYEOE  0°L 9 sl 692 £se L71s STy ST00ZE SO 0°00ZE  ¥9-des-i0
0wl 9725 2T0E%L YIOYE 27 275K L 261 €12 &n LS sy S°YISE 50 0°¥95E  vg-des-9p
0w e £°0991 WAL 0TLOSE  LT42 2" 1oe L § 1 17 L is L £'6YYY 50 0°4yyy  g-des-go
D°YPR  BTLEL 27U 1Y 2TID0E 9UuZ U 7 LN 1]} 270L 0°Ls ey £'E69% S0 0°E699  g-des-w
0" L9 ¥UEEL RTI09L @USYEY  ZU00E  ZUeR L7961 672 £70s B 11 ey £l STo 0'fisd y@-des-gp
0°seoL  gTv9L SRSl 2°R0YY  £UU00E 6742 0" 46l 2742 2704 L°is sTer L 74T R 0°fis va-des-zo
0° s 0¥ YUSEL  4TYRZY  2°L0SL 0742 S'95E e 2'nL 0°ls L 6885 S°0 075665  y9-das- |0
¥l il 2L L ]} & B F 9 ] ¥ £ Z 1 alva
TLONMIS  OHSHLYA  STONITTI NSH3AIA  Tvwwd TYNVD 080738 YNYD TWNYD  OWSHLVM  SIONITTT TYNYD I3 a#003
R TL I TR ET ] 01 WIOL  ONHIVIN ol FIVD OMHIYIH DNHIVIN SINIVd L1 L1 Inoay 39v9
ERL D] ELT ] "100¥ THHOHLM  DHHISIO  TIADIWON ONSHLYA  WNYION] 530 aQHsdLA MOTd NSHIATD  1IACTIHON
MEH L L F "HIIW "HIIMW 1ON WOHd  SINIVId W4 L THIIW ¥iol
NSHIAID  J40MNH ERL D T IVaeNd  CLINGIa 530 ELLE R UL T ErL g
123xia0 L iLF] T¥¥3034 "HIINW WioL L LB AlddNs  YIMOMED Lo
FIV i ER] N 44080 HILVA A9V dWnd
LR LT 1)
a _ 3 _ 2 | a 2 » _ t a2 a2 B 2



SIONITTI 40 3L¥LS IHL 01 T18¥INOIIV SHOISHIAID 1IN0 =%Le710D

R S S E ST RN NS s

TEw bbb L A P e e

OLNT0D - 44700 + G100 - €00 = LI

CH03 + LWI0D = E¥0D

W N R TN EEECCENEEEEEE=EEEm

bt A Ta 179651 LS (104 L £€ L ST REL 9 o9 Fa-y ] Fares 0 00LE ¥ 0 S AA9E @5l 130
0D EALL £ 1921 05261 2785y 0z FaViy 9205 27 f9t L) £y Y] £°510% £°0 0°5L05 o-120-|f
089l P 2 6E51 S 0vEZ [} I7lE 7.8 9725 9 99 b ] Farrs L4110 50 0" %042 @-120-0f
07251 0L 2 L%l &7 0%22 02 F 8 27961 1'E£5 Qo9 g 9y FaFrs  o0Ye 0 0" 50%Z 8-120-42
0" 94 LN F'S6% 0'wWAlL 072 2762 9 261 L L] g9y 242 ¥ ¥odl 0 0'YL  v9-120-92
[ & 1 2754 15251 £°E497 '0°2 L°LE | 002 0745 9799 oy 1712 £y £°0 07 ¥oR2 Y8-120-J7
0 002 BoLLL 20ESL  9TORYE A7L e 2% w02 {9 9 09 bl ] Farts S°YE9Z 50 0°%E92  ¥8-120-9¢
0" Zes [ 1} 272251 §ivee 1"z 0" €k L°%2 L 74 9 o9 B9 L1z YLE0E YO 071808 %9-120-52
0L & 2l RESL LCASIE 07 ' 2% L AT £ 9 99 By F ¥ F. STOREE SO0 0°99EL ¥9-120-%2
0" %24 h.____..-m 27051 Z°EElE 471 92 0" ¥g? 427l 9 99 ey 1742 SToRtE S0 098t Y9-120-£2
07 E% 2722y S°TESL O STYERE 077 £ 2L Y Oig £ 627 L) 79 FAFr °vSE 970 0°%l8E  YE-120-227
0" &8 PL0IZ L1TYsYL STEYRY 02 L [ FA ¥ 425 o9 £ F I 2°082% 2Z2°0 00925 Y9-120-12
0°LYa 2°0Lg 04T O0IYYE 077 6°LE £6LE b T " 99 oy F A ¥ £°08LE  £°0 0°0&IE  %9-120-02
0 ave §°¥lE 6°FS5L  §TISAE 072 L°%E Ly S 08 9799 Fa s 1712 STLYEY 57D 0'L¥YEY  Y9-120-41
0°LOZL  &°0SOL  I°SSSL 9 SA8E  4°L £ 6L 2710y 092 999 279y Ak Y 65EY YO0 0858y  Y@-120-91
0°E9EL 2 80% 4746951 LTETIE "2 428 0 052 67801 o o9 g8 9 1712 §°ZYIE S50 0°2%EE  ¥@-120-f1L
078892 97208 EERSL  fU6LSS ATL @2t 1 ES2 F7ZLL o o9 [ ] F A r 4 §°2%S S0 0°2%iS Y8-120-9|
0°8L0l 9 RI02 0°LesL [ %) 0z 279t 22y g 9799 oy FF . 228 90 0 Zzey 8-120-51
0°9L0L 9TRLSL 67 LIl LTSBEY A7) £°2L LTLLS S'OLE 9 99 Yooy L1712 SRy 70 0'998Y Y8-120-%1
0 EY0L 47502 0746251 @°9IYE &L £ 2E 0" S4L &6° 85 9 99 Fa s 1712 YIESE YO 0D°LESE  Y@-120-f)
0" 2901 LT I°Y09L 9C0YEE 072 L 2E v ELL 1°ZE 999 g 9 FAFFd vyt Y0 0°¥EYe Y8-120-71L
0°8201 g5y L E2%1 PEYE 671 1°2¢ 74 D EE 9°99 oy F A ¥4 n._unh.n g0 0°9RLE  Y9-120-|1
0 9oL L° 49 0O°FI9?L S°L90E 02 bTeE 2°% 1"EE 99 ey 1712 Y EZ2E YD 0°€22¢ ¥9-120-0)
074521 £°% L*9191F  0°252% (4 6% 2 sl [ 1 99 979 FAFr Y GAEE YO D°S86E Y9-3120-40
o ivil 0"gez 7951 B 2I%E &L b 11 L8 1114 29 99 g9y FAF 9°¥SE 90 0" Y8sE 8- 120-50
0" w22 gig £ Dé%L DSy 072 ¥ IE 1% 9 EE 9799 B oy F A ¥4 £L6% £°0 07169y  Y@-120-10
o sLol 0°g9 £8951 S OYSE {1 ] 4762 Fa 741 9Lk 999 T L 12 £°199% £0 0" le9 Y2-120-90
LU - i T 25091 STELTE &L F A1 F A F1t L 1Y 999 279 FAFY] YRRIE YO 0°9S/E ¥9-320-50
0° 064 G EY 9L LTElIE 077 [ 11 Fal A% 9EE L) RS ] FAFr 'SRt §°0 0°9SEE  Y§-120-%0
0" %6 2By I I7EELE &L 17% (74! 0" %% e o9 B oy F A4 YRIZE YO 0°S28 ¥@-120-£0
07154 £77S £ 8a51 L°ULE [ [ 17 13711 F 9 99 oy L7412 ¥ 025E 0 0°0ZEE @-120-20
IR 1, R - T [Ra¥id} STMIE &°L F s §LLL oL 99 79 FAF k. £7EYE £0 0°E¥vE ¥9-3120-10

*l 118 k{3 L oL & g F 3 9 g ¥ £ 4 1 31va
TLNM¥IS  OHSHIYA SIONITTT NS¥3A1G TVHYD TYNYD w0234 TYNWD I¥YNYD OHSHLYM SIONITT1 TYHVD I9v0 Lif imE} ]
TONINOD  QL¥3IATO0 al w01 DNHIVIY ol Eul ] DNHIYIE DNHIVIE S3INIVd 1} nuMl Anoay FD

EkL JHL LI TABMHIA  9HHISTO  1ADIWON OHSHIVA YNYIONI 530 ansdiw 3 IBF] NSH3IAIO T11AD3INON

nNEHL WO "HIIW “HIINW 10M WOHd SANIVId ol F] WOH4 "HIIW I¥101
NS¥IAID 440HNY ERL R} Eh L] IFIWdWnd " 12Na34a 530 FIVARNG  IOVINNG V1

Ikl Nl WO 4 Bl ELEE] “THIIW wIioL WoM4 A1ddNS  HIMONHD WO A

ATVAWNS Ebi A AJ0NNY L.EJR L, ] A0¥dWNd
HIAONED i
» » » n "] 2 " ] n » _ 2 .



STONITTI 40 31VIS FH] O J1BVINNOIIY SHOISHIAIO LIIHIO0 :91#707

OL#I0D - 44700 + gWI0D -

EX00 = LLR0D Z¥T00 + LMI0D = £N10D

3811 9 st LU "1 B e T ) .34 YRIE P T - 7 L9y 442 6'Y0EZ  £°0 9062 YREL A0
ESEEEEREERESSSTEER .l.-...l“.“"-““““““"I“..l.l.ﬂ.“'.'."u-l‘i*...l.l“..ll........'“*..""'*‘I..‘....I“.l.. LLEE L 22 ¢t e d i g RFEEET T e I T F AT ]
oTE0L 0" oos 2005k 07évIz £°F ' (3741 &9 i 7] ey FAFY £72152 to 0°2LSZ  Y@-AON-Of
[ 1118 [ Fa ZTZREL STREEYE €2 5°2% L D&Y &7LYE 7] 29y F ¥4 L9 1. T 1 275682  YB-AON-52
016 0°E¥YL @Sl 0's0LY 272 STEE 9259 ¥ ¥05 U Fa £z YORIY YO 0°0LLY  ¥R-AON-92
05§ 2°U885  S°6IsL DULLBS L E°F 2oy TRSLL 1ROl eUEd sy L4742 199 £0 071969  ¥@-rON-42
0" a0l 0705t POLEL ZTeROE 272 a1 L2z it ) i 7 ey 1712 8522 £'0 078522  ¥Q-AON-92
0°si L] 47229 £Ues8L €2 L'z L. 1Y | ¥ ] ¥ 2 F At £°8512 €0 078512 Y@-AON-52
0 90l 4701 PEYL oML £7 L1} ¥y 2z L' e g L4z £'rEsl 570 0°%E61L  YE-AON-%2
0°ElL UL 2°EEY etvael £°2 662 6 Zzz e e ey 142 2’0902 270 00902  Y@-AON-£2
094 0 @5t LY STHeL 92 £0E ¥ 622 ¥ el e FAF £°8002 £°0 076002  ¥@-AON-22
0oLl 9Ll L7811 Z'®slz 572 L4 3 522 &9 ' 7] 9 4742 ¥ESE2 YO 0°L5E2  YQ-AOM-1L2
0 g0l L 14! &°FISL  DUISlE 12 Y vize £6L aru ] Fa¥rd LA T 0°9YEZ  Y@-AON-DZ
0" 9% L] 6°¥ISL  ZToesL 102 L7258 L ezz Y oe )8 7 By L1z £z g0 0°E9IZ  Y@-rON-4L
0" 0oL 6727l grZvrl 9ZESL EUL £ 62 L7 1E2 §en 7 e L1z 92 £o 0°921Z  Ye-AoN-BL
0 LiL 20yl LY vEmaL 4T 962 L 814 L e ' 7 ) 1712 £'zelz o 0°261Z  ¥Q-rON-f|
0" 4o L ! I3 T T} F I M | gLe e S " 7 ey 1712 ¥igz Yo 071282 YE-AON-9)
0" iel 27851 FULOGL  YEROZ STL 4 Y L T4 08 -l 7 e L4z o522 YO 0°9622  ¥@-AON-G|
0°ZYlL 0°ERL 274261 279522 6L [+ 1 L 4 L°18 " 7 oy 1712 YoL¥Z v0 0°0L%2  YR-AON-¥|
L. 1] é'Lze - 111 N .4 - M43 1 652 goLL el ey 1742 §°I98Z  5°0 074952 YR-AON-£|
0 w5l LLIE 9ISl WRIZ 47L L4 3 £ oee 0°eEl "7 e 4742 yazvwe yo 0°22%2  yg-~oN-Z|
0 osi 2765 'Y 6Te9SZ wUL 7 62 Ay 6" 661 9 9 FAF s £regee o 0°6E6Z  Y@-AON-LL
0 0okl ST STEvL sEEEZ B L og 4758t ¥ ig2 e gy 112 e 70 0°9YZE  YE-AON-DI
0l 0°20%  Y°L0SI  9ULIEE B L4 3 L o9 S ZY [ 7 "oy FAFF. £'9s8t £°0 0°968E  YE-AON-80
4 £7E51 EA 2 1T A TF.r I W | {4 1 0 gz 4766 ' 7 ) F A e Yo 0°LEYZ  Y@-AON-TO
L 1] £Ta51L 479251 oAl wUL L71E L a%Z 27001 " 7 9 L°IE 9852 [0 0°R6EZ  YR-AON-LD
0" 921 27902 0°EESL  §°421Z 0°2 L71E 97492 £ el a9y £z YI9EEZ YO 071952 Y@-AON-90
0° L5 L 682 0°ZISl  £'821Z 02 2Lt 708 £79sL i 7 ey 14z £00¥YZ g0 0°00%2  YE-AON-50
0 Z%l ¥oEY £°5sY 9eszz @t Ea 3 P 41 &7 522 '} 7 e L7412 ey o 0°EY92Z  YE-AON-¥D
0291 97589 BL6YL vlev2 6T a1 £ D&Y 0°ZyE ) 7 ey 1712 2982 20 079562  ¥@-AON-£D
0L ETOREL 27W2SL STLI9E &) 0" e L7599 L 78 i 7 F 4712 Z'evZy 2o 0°EYZY  YQ-AON-Z0
0" 0% 2756Y8  0°%2SE 9TMEs gL sy ?Ri0L 4TE2S i 275y £z Yo Yo 0°9YEY  YE-ADN-LD
k) £l <l ki om ] ¥ £ 9 s ¥ £ Z I lva
FEYEEECSEINEEEEEEEN EFEER EEEEEEEUNN FENFEREESIENNEEYT FEEX TR S E TN EEENEE
TLOMELS  OHSHIVA  SIONITTIL NSH3AIG  TWNYD BLLLp 0H003d  TWWYD TWNYD  OHSHLYA STOMITTL  TYMYD Eel ) QHOO 3N
WHINCI  ALNIATG ol WI0L  INHIYIY ol JIVD ONHIYIE  ONHIYIH  SINIVIY Nl neML L) 393
ELLD] ELT "LIIW MHOHLA  OWHISIO  TIADINOY CHSHLYM YNYION] 530 OHSHIVM ROTd  NSH3AIE  1M03INOY
MK LIE] “HIIW "HIIM 10K HOH4 LELTL AT WoHd WoH4 “HIIW wIiol
NSHIAID  JJONNN IAvI V1 39vdend " 1INa30 530 FOWdHNd IOV ELL A
1J341a WOH A WH3034  "HIIW wiol HON4 AlddS  HIRONYD WOY4
I dnnd EELA] JI0MNE  H3ILVM FIVdWNd
HIMOWED
B B G G G Gl Gl N G G G A e oA .



STONITTL 40 3IVLIS IHL 01 31E¥IMIDIIY SHOISHIAIO L1D3HIO 4 LeI00

T EEEEEEE N S S E ST TI NI S sS sy

OLRI0D - 44700 + S#700 - 4700 = LL#IOD

R0 + LRI0D = CH0D

£YEL L 204 Y LOGL LTAASE B L "1 D-2s% L %0E 9 gs 9Ty 1742 9708 £°0 ¥ ll0L sl ‘230
[/ N1 £TRETY £ % G EYIE 81l L7y e 0%l LT L7 ¥ 5y FAFY 2°8%Y 270 0" 5S4y o-290-1f
0" 58 STERIL O LTUEML 279YSE @1 820E 0~ &68% &°0%E L' 7 ey F AN 2Py Z°0 0°900% Y@-200-0f
(i i) 26l STIEYL  &°TISE ®°L F 87159 £7h05 9l £ P ¥ £MlyY £0 0Ly Y2-290-47
0 ow L7 12%1 L5251 B0YeZ 8L &° 2% L ) 9 EDE L' 7 ) T 1742 it Z2°0 0" 190E o -2]-92
026 0 ees RIS 0'als2 2L £°6% L 0gYy Y ZEE L' 73 ooy 1742 £©sat £°0 0°S20E YR-290-12
0°89 YL YIeYL BTES0Z 9L £70F 1" &60% 0 L9l 7 oy FAFks FA. Y5 T | 0°a&LE2  ¥@-290-97
0°0s e B aLl¥L  9T0i0E 9L & 1z 67EYE g4l 9°Es 2%y F e 2EEEZ 270 0°EEEe  YR-290-57
[/, Y925 9 LAY B ILee 71 LAY [ 1 L AT L' 7S B9 1742 €192 E£°0 072942 Yo-200-%7
0" G 0° 269 o9yl &°f0E2 9L L8 ¥ 2 ey 1 00E L 73 B9y 1722 'S8 270 0°S&IE Yg-290-82
0 og 9TeZEL 9Ll 2ESLY  &°L Z2° 2k £995 2'BLY | 7 ey FAFY °6eey 20 0689y  Y@-290-27
0" ivy 9TTETY LT aaY L7210y B°1L Ly 6°602L RT290L  9°RS 775y L1482 Z°28S 270 0°28LS  ¥@-290-L2
07511 071D £°0%1L 09522 &°L F 17 ST 047 ¥ 2zl 9" Ed s F A I 4 2°S4Y2 270 0°%4%2  Y@-220-07
0" &d TLYE 0" ZZsl IE9Z B2l 2 ek 2°ERe L Gkl L 7 g oY 142 28 270 0°YE4Z ¥9-300-41
i 1Y% i L 114} Y 2Rer &L 17 b1 £°951 '8l gy 1742 £°5552 £°0 076552 ¥9-300-91
0" a9 L oy £ 6251 B LElE 8L it YUY £ 661 L' 73 g9y F Ak YESY YO 0°ESYE  YQ-2940-J1
0Lz 429 (i TR TR - R - o | 0" L 17 62% 182 FEL g9 FAFY T'EIE £°0 0°EL0E Y§-284-9|
0" 68 5904 °04YL ¥LLEZ 1l ¥ g & 625 glet 97 7oy FAr ks £0LEE f£0 0 DLEE B -2940-G1L
07%¥0L 66692 LTAICL PTOLYY 9 2°EY s L WA 9 L Loy Aty f'frs f£0 0'E¥ES y@-290-%|
0 e 6908 17625 &76BSZ  ®°L 279 £79Y5 £TRaL 9°Ed Croy I £I05E  £°0 0°L0SE YB-290-f)
0" Yol Z°EFEL STOYSL  AT25ET &L £ 68 g 204 b1 [ 7] [ ] 1712 £°9l2E £°0 0°RlZE YR-290-2L
0l sl L77¥6L L=2581 &L gLy FAFiy ) 17682 L 73 L9y 1712 £°4YZZ €0 0" 6%22 Yg-2e0-|1
07501 57228 075951 L'9iZ 072 " 1 S l0% G851 el L°9% FAFE. Y LG6EZ Y0 0" 1552 o-220-01
0°Bé 27y 9 8L YOLSEL A7 B 0E ?°LZE Fa 71k 9 el 79y L LE iz 2o 0°YylZ Yo-290-50
0" 201 ¥yl ¥ 1151 CTEESL &7 °LE 9 vz L] 9°Ed 27y F AT Y oriz ¥ 0°9riZ  YR-290-50
0°26 & YL D°EESL  ®°L702 @71 YEE [ -4 0" 14 9TEd 279 A ks t'stzz f£°0 0°SE22  YR-290-10
0" D& A7 LeL |11 £7L00Z &L FA ey LT0a1 9 EL 29y F ¥ I 4 £ iL22 £0 (1 . 4 Y8 -290-90
0" Ls L1t £6251 L 111} 2L Y ZE 17652 27201 L' 7} By F A £ ovLe £°0 0" oeLZ 9-220-50
098 LAY ¥ (111t £ SBaL Bl 2% grosz2 L7224 L7 goy FaFrs £°6282 €0 0" 5222 ¥2-200-%)
0 0" E9Z ZELSL &TEYEE 1°) 0" 2% 992 STEYL 9 el 9y FAFk. E'OISZ2  £°0 0°0152 ¥@-20-£0
[ ¥.] 5 ey L'8ZyL 020z eL 7L 27691 FA ¥ 9 el L°9Y F A T ELsEZ £°0 0°ISE2  Y@-220-20
0°DZL LEE P Z'ove 02 0L 131 g9l 9L 279y PN '8z £o 0" 5242 ¥§-280-10
ol £l Zl 4] ol ] L'} F ) e 11 ¥ £ Z 8 3iva
TLONYMLS  OWSHLYE S1ONITT MSE3IAIQ TNV IYHYID asoJ38 TVAYD YNV OHSHIWYN SIONITID  TWNYD Fv0 080334
TONIMOT  aLN3IAIGD ol ¥101 ONHIYIY al FIV9 DHHIYIN TMHIYIE SINIVY NI nNeK L INCEY E ol ]
ELLA ELT Y Bei ) THIHIR  DHHISIO  TTADIWOM OHSHLYM  WNYIONI 530 OHSHLWA RO NSHIALIOD  TTA0IWOA
neul WOH4 "HIIW “HIINW 10N WO 4 SANIVIA WOHd WO "HIIMW 1¥101
NSHIAATQ A40NMH ELLA] Eb L] A0VdaWnd " LING3a 5340 I9VdNNd  FIVINN E) Bl
123410 ol F] L ELEF] "HIIN RLATe]] ol F] AlddiS  WI1MONHD WO 4
TV AW Eb L] 44080 HALWA JIVdRNd
HIMOMHD
. | | » » | a2 » » | a 1 a 1 J



SIONITT 40 JUVIS FHL 0L 319VIMPOIIY SHOISHIAIG L2341 SHL00 DL#I0D - &H700 + GRTI0D - CHI0T = LL#ODD 28700 + LNI0] = £8100
ot L1 'eysl eTslee 272 Fa 17 grLes 6" 082 L 2oy iz 9G7IE £70 £7SPLE  SBAL THvr
0002 £7Z7 LR 0T9EsE L2 L FAFAT o ¥l gy L7482 ¥YoriZ Y0 0°0%Z Sg-weT-Lf
0ol el e g'ere 1z 0°%E £0%e roe oL g ey 1712 2952 0 0°9562  S@-wer-pg
o°osi . 311 FO0RL LRl 272 et 67L%2 0" l& L) 2oy 4742 £elv2 o 0°8l92  SE-uver-42
0°4f1 £7451 PUTOVL &TMREE E°F 1758 ¥y 7] Yol e FAF 4 52 Yo 0°9452  S@-wer-gz
LA} sTesl 676551 172502 L £°2 £EE 2 ey [l e gy £z Z'e%E2 2o 0°4922  SO-uer-42
o°erl LA £T2i8L fUEvRz o2 LN 1Y s S°00l ¥ 9l g9 Farrs 'zeye o 0729y S9-uer-92
o'ele L7181 STAESL  LTeBEZ YR L1 &S 67501 YL By L7482 U %o 0°iyZ  cg-wer-5Z
0 %el ¥Rl LU 12 S i T 4 [ 1 0°gse Lot ¥ oL 'l FAF T4 Yeo¥z Yo 0°60%2  S@-uer-yZ
028l il Y9 s 2 'Sk 47192 #7011 Yol ey F Ay £T6822 L0 0°8g22 SE-wer-£2
{1 311 LosL L Tt ) ' B ree 6°ELL ¥ 7y L4z £765% U0 04592  sg-wer-zz
0T 1El S8l LLERL LesEz U2 'y 0692 {1} ¥l g9y F ¥ £'sElE  Z°0 0°sElE  s@-wer-Lz
0 ZEL &°g0z TS 74 P ] Y6z 2'we £E21 ¥ gy FAFL. EZlE 270 0°E2lE  S@-ver-pz
L 948 L 1zz L°SISL 172692 12 ¥iE & LIz 6921 ¥ ey L7482 2’z 2o 0" 1982 Sg-wer-4i
07021 0" 52 STUYNSL ITHMRZ 17 e e L7LEL Yol ey L71E 798 £0 0°y992 Se-uer-g|
[FA ] Lroy2 STEPSL ¥YYRZ 172 'l Y lee 7ot L) ' FAF T4 £°0062 £°0 0°'0062 S9-uer-4|
0" 5kl L7152 eYsL  YeRez £°2 11 ¥rla2 s0%l Yol oy 1712 £Te4¥2 L0 0'66%2 S@-Uer-91
0741 ¥Rz PEYSL fosve 22 - 11 L7162 779l oL oy F i £ o 0'9LiZ  Sg-uer-g5)
.14 27 ¥UYSL 0msZ 02 L 1 &°L0E 0°Lsi oL Y Lz £ 1o 0°9982  SE-uer-¥|
0" 46 L. ¥4 3 RN 9TeROZ L2 270% £°10% g5l ¥ goy F ¥ a9 20 0°49EZ  SE-wer-fi
0°ZLl 0" g2t LULosE ZTIEYZ v'E £72E &7ELE 629l ¥l g ey L Z'9LE 2o 0°9lLE  Se-ver-zi
07LLl P ¥USESL STPPEZ 72 L 17 67028 0Tndl ol L FAFY £z £°0 09582 Sg-uer-||
0" ¥El ¥ L0% £7815L  Z'eEEZ %2 £t s YL ¥R " FAF s 2°Le 20 o"iev2  Sg-wver-0lL
0" 66 &7 95y 0055l &7llE2 2 0°f% 6LYE 0 L6l L)) 7y F Iy £T620f L0 0°8208 SE-UST-40
rd ] £ 689 ETeESL YIooE 02 . 11 6°LLE o'z ¥ ol ] L1z YEZ¥EL Yo 0°2¥EE  S@-wer-go
0" 58 ¥059 2'8lsl 1To0sz L2 L4 P74 gzze ¥ gey L1z £'ez o 0°EYEZ  S@-wer-tp
0°Le a0 9Pl aTMRYZ L°2 0°IE LU Loy 27052 L) ey L4742 6582 270 076582 S@-wer-90
016 L ose el o'vee? 272 e 8TYSY 97R0E L ey FAFL E6YEE 270 0°&¥YEE S9-Uer-5p
0L £°SBIL 472251 L'z 02 YiE 27685 £ oL e F ¥ YUYE YO 0'04YE SQ-\T-%0
0" 2Ll ETRIEL STRLSL 9ENLY 072 g0f Y9 9IS ¥l £°9y FAFFs ey Z'0 0°f08Y SE-UST-£0
07wl PUWEEE  YOUOSL LT2IES L7 .11 ¥ 458 L7908 ¥ ol L] 442 £y o 0°0Y29  SE-wer-zo
o'y LR R B ] S R T 7.V A 4 7St ATl LTeeYL v o9y £z P11~ 0°EES6  S@-wer-Lo

¥l £l Zl 18 ol -] 8 F ¢ ] ¥ £ z 1 diva
ETTTEEE EREESEESTTEN NS EEEEEEEEE L} FEEENFEEERER
TLINYLS  OWSHLYA SIONITT] NSNIAIQ  TVHYD T¥YNVD 0802338 TWNWD VNV OWSHLYA  SIOMITTT VWD VD [ L iaE] ]
MOHINGD  O1d3AI0 o1 WIOL  DOMHIV3IY ol FOVD  OMHIVIM DNHIYIY S3INIVIY NI NAHL ELT L VD

ELL A ELT “130% TAYOHLIA  JHHISIO  VIADIMON OHSHIWA  WHYION] 530 GHSHIWA MOT4  NSEIATID  1ADINDH

L L L L] "HIIW "HIIW 10M WOH4  SINIVYY WOHd HOH4 "HIIMW WioL
WSHIAIA  J40NNM EEL ! V1 IOWdWNd  ©10Na3a $30 FOWIHNd  JTVINNd ELL A

133%10 WOHA WHI0Ad  “HIIW wiolL WoH AlddNS W IMONHD L

T i ERL A 440MNE  NIIWM IV dhnd
HIMAMHD
a2 1 _J | _ n ! ] _ _J _ | L ! 1



SIONITTI 40 FIWLIS IHI 01 318VIMN0IIY SHOISHIATO LIFWID %Led OLE¥I02 - AN00 =+ B¥I02 - €#70] = [RF & il eN0d + LR10D = £R0D
& el 0°%4691  9°%6L Z2°fBSE (4 £t #7205 5795 .Y oy FAF s 1°9%0% £°0 90y  SBaAlL "834
[i 73 L1191 £ aa51 A T4 B LN 11 £ ogy L7 1EE 264 g oy FAF ] £7Ley £0 0°Ligy SE-9R4-87
0754 1 “&802 L7991 L7682y .27 2% 0°9fs o 2et 28l F F AN L°6ELY &0 0°6ELY SH-994-42
i 7 b hhag w19l [IRFFET) Faar ¥ 5L £ 209 " Fa ] 6 9 9% 1712 2wZR Z°0 079228 9-994-97
0° %59 L'O6%Y 478851 2°E%R €77 Yo of P4 1. 0°sgs 2764 £y FAFY £°1%8 %0 6°9%8 CE-Q¥4-7
i L P . I - i o] DRIZLL £°2 &°0% L90%] 9°g521 Fa. Y3 g Gh F 4 0°68s7L £°0 0°SES2L SE-994-%7
07 0% 0°92Z% L &7 E£551 0's0s01 72 Pl 19 L'928  I°sl0? F. Y L% L2 0°&L921 270 0°&I92L SE-G94-£7
0" &4 '9L88 @TOSL YEIOUe L7 L°0% SLZL sTEvO0L 2L Fa L 1722 £°6%22 f£°0 06924 SE-994-77
0"z & 2% 9 9Esl £ 8212 12 1°BS PUYDZ  STOMEL 7N 97y F o F ] YLy £0 0°¥lLY SE-994-|2
0°LE2 L7699L ISl &Rl L7 270y £ S0% F ity 27&d 676y FAFT. £°Y¥92 €0 07 ¥y92 C8-q@4-02
0° 521 27618 L0651 477081 "2 oy 1 %12 0w F Y5 8oy FAF] £°5902 €0 0°SR0Z SE-O994-41
[ 1 L8455 &'RISL LewL? "2 £°LE "1 ¥ 2°59 F. Y. FA 1712 £°StE7 f£0 0D°SEEZ SE-994i-gL
0°'gLL Pl 1] 1 B Zavl Y02 07 10t & 102 2745 Fa .Y g 9 Far s £ 22 £°0 0" %22 59-984-4)
0 gLl FaFl.] B L5l 9°E902 1°2 L*2f 1902 0" 5% 28l g oy FAFY] £°2Y22 £0 0" 2%&2 S8-924-91
0°921 0746 L7LISL  wReze 1"2 1Y £ Lz 5§25 276 7%y F N 4 £ L5y f£°0 DESYZ  SE-99d-5L
0°9tl L 1] ] Fa 714 £°s9%07 27 9 2L Fa N ¥ 0" gs 27ad g oy 1742 Y oyzz 0 0" 9%z SR-994-4]
0°etl £ 201 97851 ¥ heYe "2 L°§E & EL2 P F4 Y3 oy FAFY] £°1997 f£0 071992 SR-994-f|
09l 57907 L Dasl P Y Er | L 4 7 0" sz £y Fa. Y 7 FF ¥ E°%% f£'0 [ R 1 SE-9%4-71L
07592 27 %L 67 Y251 L 1T L'z &Y 1914 g9 .Y g9 FAFF4 £ 2262 £°0 02252 S8-99i-11
091l ¥ g0l G o051 &°ski? | 4 £l o2 ] 2 &t [ ] FAFr. Fl 11T 20 0°50e2 £8-9%4-01
07521 0" 201 9TLESL 974202 "2 w2t 4°gLZ 259 Fa .Y} ey F A eREE Z0 0°RlZZ SE-994-8D
[ a1 27011 072951 L°2EY 02 £ EE &° 122 279 Fo. Y. 279 1752 £182% o 0292 SE-994-80
0" 51 L SEL D°&ISL  £°9%97 |7 it @z &7 F4. Y B9 FAF s £71582 £°0 071582 S8-994-J0
09l FaF Iyt 2051 9TgEer 277 56E 0" 522 £L P Y a9 L712 £°0892 £°0 0'0ERZ  SE-9%4-90
0" %41 £7121 2°0BsSI  IUgLs? [ Mo Y92z LS 2784 bl ] F ¥ F £IZ £°0 0°4042 SR-994-50
07 a9t L7LEL F 1. 140 27 LBE? Lz ¥ eL LY ') 4. %S B9y FAFY ¥ LIGZ Y0 0" LIs2 S5-094-%0
0 LYyl L7971 . B A T "2 L4 3 &7 LEZ Fi 7 2 & ey F AN g Zo 02612 SE-994-f0
0 0Ll " 0EL Z27EP5L 9T oON? [ 1Y 114 £ 4 Fa. Y Ty 1712 e 2Tn 0°90%2 @-994-70
0991 2°%ElL Faa Pl L LegZ 1z [ 11 L 92 L s 2°al gy FAFL. e Zo 0°9%lZ S9-994-10

¥l £L 2l L ol ] '] Fi 9 1 ¥ £ 2 L J1va
.H.l.ll.ﬂ“.".u.l‘ll“l. EEFEEEEETER |IluI*H..l.lnhlllllill.ll':..ul‘.l.ll...'.l'..l..'l-l..lI EETEEE
T1INYLS  OHSHIWA SION1T7] MSH3Ala TYHYD T¥YHYD Ll imE} ] TYRYD TYNYD OHSHIYM STOMITIT  TWNVD VD auad3d
TOHINOD  dl¥3AL0 al w01 INHIYIY ol EHL ] ONHDYIN OMHIVIY S3IMIVId NI neMl Inoav E ]

Eb L] ELT L3 TANCHIM  98HIS 1O TIAOINOY OHSHLY  WNWION] £3g HSH1Wm M4 NSHIAIO 71IA0FINON

HELT] Lol E] "HIIW "HIIW 10N [t F] SINIVI4 WOH4 WON4 "HIIW aviol
HSHIATA A40WNH Eh LAl b FIWdWNd  C 1INg30 530 FIWdHNd  IIVANNA Eb LA

L23410 HWOH4 AL ELER] "HIIW wiolL WOH4 ANddS  WIMONED WO

W N I 44080 LENL] I I
#1MaONYT
2 E " 3 E K A 1 . . o ! 1 !



STONITTE 40 ILWLS IHL 0L I1EYINOOIDY SHOISHINIO 12380 Eie0a OL#I0D - &¥700 + B#03 - C¥0D = LLFT0D ZR00 + LD = CHI0D
8 vl STIH0Z  0TEYSL  EUMS0Y 072 £ L9 5 PLS 7 £y 1742 08y 0 L 069y  SEAL "HVH
0Ll 676852 LTEYYL LTAE9E AT 96K ¥ ov8 L oL 7 &°5Y P iy 270 7Py SB-JENH-LE
o°iLgl YUEBLL  ATWAYL LCZISE BT £ S 659 *e0s e g o¥ 42 L'ovly Z'0 GT4ELY  SE-JWM-OF
0°8Lz 67LLEZ  1TSYSE ETSALY 67 {1 0" s%d L 1.14 g9l 9oy £°42 675058 270 L°5055  59-J9N-42Z
0°8ds 477865 €TSSl BTIYLE 671 Ty 0L Yevs e £°SY 1742 02220l f£°0 0°22201L S@-JUN-g2
0°881 g L7BSSE  &°%SYE » 671 e ey sTive e oy LIz YueE 0 ITIIRE  SE-JoN-42
0°9zZL L°0%y  67Z55L Y 0492w 4 1 477eE STEml e B9y 442 Yz Yo 0°%562  S9-1"H-92
11} 27 Y05 0°2¥51  §°9sZZ  4°L £t L L7561 B9 e FAFY a2 0’0 PAISZ S@-ImN-52
0°£0L 278%s BTE9YL g2 47 .4 £ o-oL2 I ey 4712 9°v082  £°0 £h082  S@-J9N-¥2
0t ¥ GEY LR RTeAlZ 7L e £65E 0°902 ) oy L1z YIELE  £°D LTLELE  S@-JON-£2
0"z 0 geYy UYL vy 02 4 Y e £oez e ey Farrs s'swez o E'SoZ  sE-4mN-22
ol 67028 471851 §°TRLZ 471 0Lk o0&t L7022 e ey 4712 £LlE Lo T°YOLE  SR-JwN-12
o0 v2l 87455 2°rsL STIvE2 02 (311 Y8t [ 11 i 2 4742 L9210 0°%92  SB-JWH-0Z
0" 8oL 97685 PISISL ETYERZ 1°Z et 67168 47992 N oy £ ez  yo 071092 S@-J9N-4I
0°58 27029 ¥o2ssL TewEz 12 17 LY L ey L4z E'9EIE  E°D 0°9ElE  SE-JeN-g|
07 %0l S0 LIl sTes2 471 9708 sy 0°00% I3 e 412 L"wmez Z°0 67EREZ  S9-IwN-))
016 g ve £°6051 2°8l92 02 oot 0" Z0% L7058 e M ] 4712 't Zo 0°E60E S9-4WH-9)
0" oL £ b 679551 YOUE D2 [ 1 0°ies vrazy L L9 4742 254 2Z°0 0°S2LE  SB-JWN-GL
0°E0L 674%LL  L709SL 90sEZ 671 T 2'ove (-1 gL L9 £°12 'Y o 0°GLYE  SO-J"N-¥L
0901 070891 L£USSSL Z'IYME 0°2 - 5628 SsuUY g L 9 iz ey 2o 0'egZEy  S@-JwN-f1
068 BT8LSL  ¥'SUSL OQIYE 02 sk 6°0LF  @els e ey 442 550y £°0 07550y S@-JWW-Z1
1 YEOIZ  ZTAISE TTOAME 077 88 00 9Tan N 9y 4712 7859y o 0°ES9Y  S@-awN-|)
0" %6 YES0E 0°9YSL  yivez 07 &0y L7968 Z2-9ze 9 95y FAF TS Z'sems  Z°0 0°SEEE  S9-J9M-OL
0'ow ZTPEEE LTOESL @TYISE 671 L (U7 4 R - { N - 7] By 1712 2°avly  Z°0 0°4%Ly  SE-J9N-80
0t 6YEEY  LUE091 Z2e9E L2 £°ES YLl el ewe Ty Farrs YISy YO 0°9%SY  SE-JWN-PO
0°Z& 2°2628 ET6651 o'v0gyY 272 £°5¥ &7 166 02y e sy 442 YIS YO 0°Ysls  SR-4W-J0
L LTENE 1TSO9L 9UeMY  1UZ ¥ RE e LL e 9 L7842 s £o 0°IRLS  SR-JN-90
0°46% 56965 £T065L  O0TPMOL €72 675K L'9PE0L  1°sew ) oY 4712 0°90LLL £T0 0°R0LLL  S@-1"M-50
0oL 0°906L Z°%9SL  0°2vaSL 7 iy T9ELL LT9es "l 4°5¥ P 0°6EE9L £°0 0°8EEPL  SE-J9N-¥D
[ ¥4 9ThiZT LUeISL TTiEVY 2R &6°1E g°E0% 47258 L) Ll 112 1Yy 2o 07149y  SO-4%H-£D
0°08 0°82ZL  Z'e9SL  TUME Z2 0°Z% 1798t ¥ LEE " e 4712 °92sE Zo 07925k S@-Im-Z0
{131, §°S2¥L  @TYESL  sTEIE 102 £°5f 1°09% S 80% o L9y L7212 £°21Zy o 0°21ZY  S@-JeM-LD
¥l £l 2l L oL [.] '] F 9 § ¥ £ Z 1 diva
TIINWLS  OHSHLWYM STOMITTI NSNIAIQ YYD YD qa0d38  IYNYD TYNYD  OWSHLYA SIONITIT  TvRvd V9 030234
TOHLWOD  aL¥3ATD 0l IVIOL  DNHIVIN oL JOVD OMHIVIH ONHIVIH  SINIVIY L1 NAHL noay E )
ELLR ELT ) T120¥ THHOHLIN  O¥NISTO  1IAOTMON GHSHIVA  WNYIOW] 530 OHSHLWA ROT4 WSHIAIO0  1IADINON
NEH HWOH A “HIIW "HIIW 10N WO¥d  SINIVIA WOH4 L El “HIIW iolL
MSHIAIO  440MNA ERL D VT FvdWnd " LIN030 530 AWV FOVdHNd ERL A
123419 WOHA TYH3I034  “HIIW WioL Wod4 Adds  HIRONYD WO
FIV W ERL D] 440M78  ¥31WM I dnnd
4 LAONHD
D N 3N (D i3 G I N O A W DN IIe e iam



SIOMTITL 40 JUVIS IHL 01 IVEVINNODIDY SHOISNIALG LIIHID SyLEI00

OL¥I0D - 44700 + SH10D2 - 4100 = LL#10D

ﬂ.lI.II'IIH.I‘HIII'HHH.HHIIlllﬂ.l.llll.l.ll.l.l.r.r.l.l.l.

2800 + (#7007 = £H100

R TN EEEEEESEIEEENNEEE

& 162 L7508 ISl 6T082E 272 {3811 & ZZY oLz L4 L% L7482 L7Eef L0 Y2895 SBAL ¥4V
0282 L9 L'os9L 9T0s0E 22 £ L°ve sTee FAFF gy iz ¥YESZE E£T0 L"E62E S@-adv-0f
0 e0e L 4789l vz 172 11 6982 i L4 g9 142 1'9292  £°0 0°9292 Se-Mv-47
0 252 676LE Z°85¥L  0°'9vEZ 172 | L ¥ yve Z° 26 L4 ey 4742 2SRt 270 0'SPOf  S@-ady-g7
1811 vt L7GZSL LT0lsE r 272 ?70E yase Z'00L L4 e L7482 0°¥ElE Z'0 B EEIE  Sp-ady-g2
0% 1648 L7509 »TIRLE 272 1 . A4 L7011 FAFY] ] F AT Z°ESEE YO B 266  S@-Jdv-92
0" 5L Z70EY *UOLSL 0TOLEZ 272 6711 £ e L70EL F AT 2 £z TO9sE 20 0952 si-adv-g2
0'RLEL &7RILL 67509 LTMERE 172 9L &6° 45K 67502 L4 99 42 6°0Z0 <70 Y 020y SO-adv-42
0 g8l e FTYERL 9TEERE  E°Z LK 2L 7 FAF Y oy L7482 221y L0 °Z2Y  Sp-udv-gz
L1} L"9L 47091 678252 172 e #T1LE ¥ 8Ll FAF Y ey F AT YéeRiz 670 S'e9IZ  Se-4dv-22
0" 60 L Z9i ¥RO9L Levez 272 &' ez 2 621 4744 e 4742 6°20lE 5O Y201  Se-wdy-i2
0°98% L' BK E'P0LL 9TULOSE 172 L9 7.7 o'yl FAFYi e F A4 £eE Yo 67290€  Sg-adv-p2
0" 492 7Ly 0091 sTallz £ 11 9L0E ¥ 55l FAFF] gy F 9S82 SO L'ss62  S@-Mv-4L
0°5E2 &°05% Ll I 0 1 7. 4 L°% 11 R F A7) B9y L4z SLZE 210 #ol2e  sp-xdv-gi
L 74} o iLs YURSL TTSRLZ 12 L 17 99t vz U B9y FAFE 0°DZLE  ETO L°6L1E  s@-udv-)|
0°sgl ST 0°6251  &°QLSZ 72 ' Y ezy 292 FAFY) ey 442 582 £ 6°Yl6Z  cp-wdy-g|
0°E9l 6% 6°SEYL  &OLLE 272 a4t 67618 47498 F A3 ey 4742 L"o09E  Z°0 6 665E  S@-dy-5)
0°SLE STLIEL YIESL  BEARE 072 i 47524 47ELS £°4 b ] FAF I 2088y 20 0°0&EY  S@-Jdv-y
0°SLE 0" 595 g'sa¥l  BoRYE 12 £TLE a4 Y (74 FAF 7 g £z L'oue z'o STRLIE  SE-MdV-f)
09l B'SIS  9TBeY  STRLIE 12 0 ¥E 317 9 5B F A7 a9y £z ¥k f£°0 L"ZEve  s@-adv-2)
L F i} 47029  9°9YSL 0'vDeZ  2°2 T L1 L7202 FAFY) ey FAFE °9ZE  £°0 4°622f  cp-udv-||
0°LslL LIey ZTYYSl ZwiEE 12 L4 1 LWL 17T 474 Py L7412 L7152 E°O YUE2E  Se-sv-pl
0°951 0" 668 6°8S5L 0O9LE D2 0°%f 9y 1" %62 F Y 79y FAF T 2SS £0 6 ¥ISE  S@-Jdv-s0
U 743 072921 9EESL  vSAlE 172 1 17 2oLYs Fa . L4 L9 442 e to STLLE  Sp-dv-g0
09l UESSL 2Tl £ 172 7oL L7259 9°08Y I A7 L9 £z s'es@y 20 £°868Y  S@-sdv-40
0°9EL w2 672051 ST9EZS L2 ST0E 6L T2 Y ¥ ¥ gy L4z o'Rss 270 #°ce4s  cp-udv-9p
]! FYSE 0°9ISL ZUAEES  LU2 Loy U T 1 B A 7] sy FAFTd 199 €70 07499 cp-wdy-gp
0" 96E 0°E9SZ  4°F¥SL  O°YEYE  1°Z &6°LE £°055 Z7B5E &4 P F AT STY2Y £'0 Z°y0Zy oR-tdy-wp
0°591 YEIOL £TI9SL STEOLE  1°E 0°LE 114 L7589 FAF 7 L9 FAF s Y2858 L0 €265  S@-1dv-go
0 oLt 674LL ST9YSL ZTeEEz £'7 £ 0°LZs 0 691 I ¥ Y vy FAF 4 Z°LEE S0 L"9LEE  <@-ady-20
0" z21 0°S6¥L  ¥OESL  0TWRE 12 0°¥E 57665 LA S R A ¥} 1°9¥ 112 Yy 270 YI9Yy  Sg-2dy-10
¥l £l Zi 119 ]} -] ) ¥ 9 g ¥ £ z I aiva
TIINWLS  OHSHIYA  SIONITI1 WSHIAIO  TYNYD Ll LA ae0J38  IWNWD TYNYD  OWSHIVM  SIONITID  TWHWD VD Q8003
MOHINGD  OLH3IAI0 ol TVIOL  OMHIY3IN oL FOWD  DMHIVIM DNHOVIY  S3AMIVd NI naML IN0EY FV9
EEL D] ELT "1 TANOHIN  DHHISTO  TIADIMON OHSHIVA  YNVION| 530 MHSHIVR MOT4d NSHIALD  T1TADIWON
LY HOH 4 "HIIW "HI 1N 10N WOHd  SINIVA HOH 4 [ILE] "HIINW 1¥101
WSHIAIQ  JJ0HNH EELY AT FWaWNd T LOND30 §30 TV 3DV ELLD
133410 HOH4 LLEELIEE] "HIIW IioL W4 ATddS  HIMOWHD WOH 4
30¥dHNd ERL Y 440878 HILVA ELLEL b
HIAANED
1 a | A A A a1 L n 1 | 1 !



STONETTT 40 JIWIS IHL 0L ITEYINNOIDY SHOISHIATD 1D3HI0 %103 DL#I0T - &HT00 + SHT0D - CHI0D = L L#10D ZNI00 + LET0D = [H0D

i.nuunuuuuuuuHHHu.u.i.Iuuuuﬂﬂ“““uunJuuuuuul-.u.uu"HHHHIHIIiIII_l.ul.uuHHHlIlluuu.uHuulidh.ﬂ"""HHHIHHIllllluuunl.kulli..._ullll.l FEFENEEEESSEESSSS=E

LTHLY i ¥4 ) 1) N T 1. A 4 L 1 FAFA T P 598 L7 4712 £9RIE YO 6°S9LE  SBAL “AvM
L9 715l Z'GLEL &TYYEZ AT 11 7402 L seg g oy L1z esz 90 2°BLSZ  <@-AeN-Lf
0Doide 0" L0 670001 27wl €72 11 gL 805 L] B9y 14z L6162 570 2°6l62  S@-AwW-Df
0" 508 o 4dd LA 4 S O« 1 P | ) 9°5L 2 eee e &' 2 L42 F°LR0E YD 21808 SE-AM-62
0" E0E e STEYORL LTYRIZ 12 0¥ 2Tove Al s ey F AT 0°E9eZ YO0 9962 SE-AmN-gZ
0" 56 872261 076251 99605 4 072 0oy L1 14 SRLE Ll g5y FAFL £72655 I'0 L 655 SH-ARN-SZ
0 EPL 27905 L7981 &°I0RE 272 9°SE LT 27801 LY | 9 oY £°42 STYYSE L0 BEYSE  SO-AN-92
0o ezy N | N 1.1 Y A P B o 4 £y 9rL02 ST0¥ & o Lz L B'9262 S9-AwN-52
0°55% L8 STl 9TEZ9E 12 23 1 4 ey L ] L4742 0'2aiz Lo 71642 SR-AwN-42
0 oLE 17921 L4073 B 4 £ - R 975t 27502 7y ST gy 1742 0°vliz 10 L2 Sg-Aen-g2
L1 1.5 L7l APl 002 272 L 1 £oie L°4% L) I F AT YeMNE E0 1’9008 SE-AeM-ZZ
0"9aRL 47122 STIYL atdeve 22 F 1 w2 . 19 L) By 412 L6992 0 88992 ca-AWN-12
02 STALE LA S .V S L1 g osz N L) ey L2 STeSYE SO0 0°BSYE  S@-ARN-0Z
0"y &7l 66291 9TYIZE L2 L Zg s'ozz LN L) e FAF L4 L'SoYE £°0 BY0vE cR-ARN-g)
0" B5E vovz 2'eesl s 22 L4 L ¥ L 7 s 29 F A I L7Ls%2 270 STLS9Z  sB-AwN-mL
0wz 97105 £E0PL LoAE 17E {9 11 [ 5. 270t s L9 FA T4 0050y E£°D L76%0%  cE-Awn-J)
0" 652 Lr2zs PRl ZUESYE 1°2 L") 1T68E ez Loy £y 4712 4°s082  £°0 Y6082  SE-AWM-91
0" 9Ly 67598l 0°0L9L wUeREY L2 ¥ 0y STZsY & 162 58 ¥ Y L7412 &°099y YO 099y  SE-AmM-g|
07 6%d k11 Vel LeNE L2 FAS ¥ a0 ey & oy £z 6°¥vE YO S'Yy6E  SU-AN-¥|
0" Yoz ' 191 LUl Ltisse Ltz Fa 1) 602 ey S ey 112 ¥YERIZ SO0 6°YLIZ  SO-ARN-fIL
0°9le L 11} YLl sTeEZ 12 g0L 'Lz 2705 L e F AT LTZs0f  LTo YIS0E  cR-Aew-2L
D EEE 67581 vUI0RL LTLYOE 12 ?RE & El2 6725 5o gy 1742 L"¥228 €70 0°E22E  Su-AwN-1
07 6lE Fall L"E68L 0ToldZ Lt2 9 SE 'z F 3 19 &' gy 4742 Z'lss2 970 970562  S@-AeM-Q|
0" 82 27961 o°LligL aTsrEZ 272 275t L'eie (41 ' oy F AT 0°LIsZ  ¥'0 90152 SB-AWM-40
0" 62 9z (A7 B A " ) a1 L Lz Les &' e L4z e yo g'ol9z  SE-AeN-go
0 ek L T ST659L  ET09EZ 072 £ v Lrrr iy S ey Far L P0S0C £°0 £°050F  S@-AeN-L0
0" ¥s2 0°olE L. 15 TN N &7 R 0 11 ovze 0°g9 L) 7 112 v Yo B°El62  cp-Amn-9p

0°aLz 0°fLE STe9SL ZeRE 12 e LT 45 L ey FAF I 785 £70 0°SE%E  <@-AmN-Go
0TRLE 27502 G4E9L 9TessZ  Z°2 4728 grlee e s @9 F A1 0°28lE  £°0 479618 S@-AmN-w0
0 od2 0°ezz - S O <. A ' 9oiez 0L L] oy F AT T8 £70 €702 SE-AWN-f0
089l £z Y9 se09 272 e L) 74 0wl 'm ey FAFFd e to 671192 SB-A"N-20
0%y 9482 L'ol9L s'vesz 072 6% (. T4 o'aL L ey T 906l YO 2'06/2  S@-AeN-LD

¥l £l Zl I ol -] 2 £ v s ¥ £ g L lva

TN ESCTEEENEESEEEEETE TEEE TEFEEEEEE EEEEE EEE L TEETEW

TLONMIS  QHSHIVA  SIONITTI MSH3IAID  TvWyd TYHYD oN003N  TWNYD TVAYD  OHSELYA SIOMITID  TYNYD FOWD 080234

TOHINOD  OL¥3AID ol T¥IOL  THHIY3IA ol I9¥I ONHIYIM OWHIYIE  SINIVId L1 1L L7} ELl: FVD
ELL D ELY "1 TRYOHIA  THHISTO  11ADIWOY OHSHAWVM YMYIONI 530 HSH1W ROTd  NSN3IAIQ  11AD3M0Y
MYHL WOH4 "HIIN "HIINW 10N WOUd  SANIVIA Lt T WOHA "HIIW wWiolL

NSHIAID  J40MNY ELLE /Y1 I9v4Wnd  CLONa3a 530 FIVANNE IOV dHNG ER

1234140 L E LLLEDEE "HIIW wiol L i E Adds WIRONYD WO 4
VAN ELLD 440808 HILVM FI¥ dWd
HIAANYD



SIONITTI 40 3LVIS JHL O TI8VINNDIDY SHOISHIALG 133410 ¥il#103

B Ll L L b ] L L T e e — FrTrTEEEREIETSIaEES==amE

e 47258 £TLeRL vw0sE €2 e gUgzz 2765 2726 P F AT L'969¢ 0 47549  SBSL ‘WNr
e b L L L b g T e e p— FEEEEEEEET I_lI.ﬂH.II.II.II.I-I..I..IIII.I.I.....I-III.I:I.II EEw EETEEE
0094 i 31 £Te%sL  STME w7 ¥t 0" 941 | 226 ey 1742 ¥LESE YO 0°LE68  S@-UOr-Of
0926 §7L91 PE00Z LTLIOE £°2 0°5E 9461 670K P ] 4742 092 E°D 47GEZE  SE-UNT-482
0°£99 £705E £7150Z  &4°SESE ETZ P i) L. 1 628 2724 g9y £°42 L"669 970 ST cR-unr-gz
0" 099 172s% L'd902 071868 . %2 ¥RE &7 502 et 226 ey 112 o5y <70 6785l Sg-ur-Jz
o'Le 2Tiet L2 EleE v2 9°4E 67812 . 14 Fard] g 4712 0'YE 970 2°SI%  SE-unr-9z
0" ese Ll 9°1L0Z  0°DOEE  ¥'Z £9 L Zoz 0 1 Z2°28 g9y 442 g9 50 Pi9YE S@-unr-g2
0 0L 651 POl STIE0E %2 B8°sg £7 661 0°gE 2726 e 142 L7802E  S°O 002 S9-unr-%Z
0Ll 92 E°9LLL 0°YleE 22 0" sk ¥ 052 &KV 2728 P 4742 7Y 5TD LIy sg-unr-g7
0°ESYL  1TWL TR YleeE ZR F 3 L7002 o 2724 g 9 £°42 L'EslE €0 9268 Sg-unr-z2
(Ll ¥ R {4 YRl ETEE0Y £72 675% [ 1174 o 2726 oy L4z 67202 ¥0 57202y sg-unr-L2
0"9ig 67 Y8l 2TAEL 1eE EZ 08t E02 43 26 e 4742 e YD @°seet  Sg-unr-pz
0°¥sE LWL STeALL LTo0ZE Y2 ?sL ¥ log L°0% Fard B ] FAF T 6°%EE 50 ¥UEL  Sg-unr-§)
(U 7] ISz ESL e 22 0" 9% P Y o0°s¥ 2728 oy FAF¥d L' ¥ o0 478198 S@-unr-gL
0°EREL ¥ REE Pl v £Et? & £eLz 9°2s P ey 42 L9950 27959 s@-unr-J)
0705 0°g£55 15 S 1 S A 4 Y L T &89 2726 e 442 82l y0 L7821y sg-unr-g|
0" 08s L7092 9°sESL BUeSLS 272 oy 9 9LS L70oLy 2728 o9y 4742 £°9IS  Z°0 L°9Lis  sg-unr-gi
0°¥sd 2z 6°2LL 1TZvE £°2 1011 Loz 0y 2724 ey e 0°ZZsE Z'0 9TI25E  SE-unr-v|
0 eey 0" 981 27041 ETeR0E 22 0° 9% yemz ' 226 ey 4z ettt 0 £'652F SU-unr-g)
0" a04 676EE YL @TEsE £ L Y o"zLz £°5Y 2726 8w 4742 9TRIYE 5TD LIy sg-unr-zj
0° 904 YOIeL olosL ZUiERy 22 &Ly L796E 8052 2728 L 9% 4742 75y Y0 BTgasy  sg-unr-yg
0°ess L7551 L0 TR .~ S b £78E L 202 ¥eL 2726 ey 412 6°L60E  ¥'O S°L60E  SB-unr-pL
L. 1 £70%1 BY0ZZ  foeEE 972 8 Loz e 2°26 e 442 2°g¥sL 90 YL SR-unr-40
0°i28 vl 22 sTL0ME 502 P g7z L°sg 272 e 4742 LTEiSE €70 LSt sg-unr-go
0°g2w L7881 PYBEL RS v? £78E 120z ¥EE 2728 oy FAF 4 oLoE 90 Y08 SE-unr-fo
0 B gl LA w57 FAFi1 ¥eng  lveg 2°26 ey 12 o°esY 0 L78S¥Y  SE-unr-9g
[y ¥ v ez gLer g2 Lt 9°v02 [-JFi1 Z2°26 e FAFI $°lvE Yo ViYL  sg-unr-gp
0°s08 9051 9L AR £°2 e 0°s0Z £8 2728 g9y 4742 STOOSE ETO 270058  Sg-uUnr-%p
0°Z9 ¥eal 6798l L2LEE 02 477 0"902 U6t 2726 oy £z YEEYE YO 0°se¥e  SE-unr-go
0~ sTevl 2Rl LoeYE 1z 17 902 &676E 226 7y 42 g9t €0 6°Y9PE  SE-unr-2p
0°E68  9UgLL 0°éE8L  Z°859F L°2 i 1 0" 802 £ZY 2°26 g FAFF. M o ML S-uUnr-LD
¥l £l Zl L ol -] B F 9 s ¥ £ Z I aivag
TLNMIS  OHSHLIYA  SIOWIT11 NSHIAIG TN TYNY2 qQH0234 TN TYNYD  ONSHLYM SIONITTL VMY ELl 0334
TOHLINOD  OLHIATG oL IVIDL  OMMIY3Y oL VD ONHIVIW OWHIVIE  SIN[VI4 NI MM L ELT L) I0vD
ELLA ELT “12v WNHOHIA  DUNISTO  TIADINON OWSHLIYM YMYIONT 530 QHSHLYM ROTd  NSH3AIA  1A0IWOH
NEH L WOHd "HIINW ‘HlIW 10M WO¥4  SIMIVA L iLE) WOH S "HIIW wiol
HSHIATD  J40MnNN ERLL D V1 3V4aWnd  C 1ona3a 530 ELLL L TR ERLD
133419 WOHA UL ELEE] "HIINW Wio1 HOH4 AlddNs  HIMANED L ik E
ERLE b ELLA] 440N HIALW FIVdNd
HIMOWHD
2 a _ n a _ L l | n | 1 2 a2 2

OLwI02 - S4100 + GX00 - £H100 = [LAT0D

ZN100 + (#7100 = £X0D




SIUMELIE AU 4100S JHL OL 3 18YINNDIIY SHOISHIATG 133810 :%Lat0d OLW103 - &47100 + B¥T00 - EH10D = |LAT0D ZN0T + LNI0D = £100
L7281l STOEY  ATEIOZ 104S2Y 107 P i-zze Z°ls 1746 9% F ¥ F YEYYY 90 @'2Zyyy  S@sl
0" Lve £°3602 %9l 0T0MS €77 L4 L795% £ ewe L 46 L9y 142 ulls @0 LY SB-INT-LE
(L 11| N . 2°H0WL DLleY 572 06t 9°261 oz 1726 ey FAFF 0'LElS S0 S°ZElS  S@-Inr-pf
0°evl  0°04 ZoleE L'evey Uz 18t [y 1.1 iz [ 1. gy £°42 67228y I°0 27228y S@-INr-42
0°0&TL 4728 B L0z ¥iZey 972 §°LE 9 58l 0y (1.3 oy L°42 0°Ze0s S0 SLes  Se-1r-g2
0'99sL  gUeslL 4721 YOslY 502 08t 0" 461 ¥5z (1. e 4742 sy Yo L8y  SE-1-42
0TLEYL  LT0EY STLEEL yuvEY 972 0°SE -1 a4 46 e 4742 7Sy 970 2°¥ESY  S@-1nr-g92
0°E2El  STEZIZ  @TELEL STSOIS 1€ 679y PETE 97261 L i 29 £°42 °42v Lo 6°92y5  S9-Inr-g2
0TsEIL 9vs 04422 £680Y L' L2y 1" 261 02 L"16 e 1712 Yy &0 S'LY2Y  SR-IOr-%2
O°L0ElL B PR T s S & LY 26l 02 1716 2 L1742 0'loeE 90 Y009E  SE-INP-£2
04821 12w LT TS M L S A 6k 6726l £'ie L 16 9y PP £'929E 90 476298 S@-I1nr-22
LU S s °R002  YOEYY (77 [LIF4 67261 £z (1. goy L4z 0°2YeY £°0 L7119y S@-1NP-L2
0°91ZL YL 2 0y L2 L 2% 6261 £z L"16 ey L°12 &Ty2ey 90 6°62fy 59-IOr-02
0°LEYL  STZ8 271502 STMSEE B2 "8t LT ESL L 4 [ 1 9 FAFL £°YSly 90 L7551y S@-IPr-5i
0°SkZL £7SLL 0"Z9LE  9eRsZ &2 92y £ 58l 462 (1. g9 4742 L'vrie S0 FEYIE  SE-1MF-EL
0¥zl 0Ll 902 stlozL 4v2 el L1} oy L 28 ey £z YIPEE 90 R99EE  S@-Inr-))
0TLZL Bl YRl ZTugeY w2 &67LE 9961 0°sz 1746 ey L4z 9T2eEY Y0 27268y  S9-INr-9|
0°0s9L ¥ e2Y LSl 9'sERE 572 25 68l Lz L°26 e 4742 00888 071 0°6845 S@-VOr-gi
0°L0g L™ Y99 £Ta6L 87l 92 L0 67242 Fali L 46 ¥y F A T4 6°ZEL9 YO STZELY  SE-IPr-vi
oLl Y 2ol vz z°ast ot L Y ]! 6782 (1] ey L7412 'Lt S50 P°0L6E  SE-1NT-fL
0°9REL 9LOL Yoz  T'eELY o0'g L4 0 ssl [ 4 1714 ey L4z 02y 50 $E6ZY  S9-INr-2|
07ZFElL  LTSLL 8749l LCAME DE £y S o8l . 4 L°26 T FAFT. £°SE8E SO B ¥ieL  s@-Inr-y
oS0l STLER 872661  LEzaY w2 Sy Loz 8L L 46 L9 F AT 9808 YO0 279805  SE-1Nr-0L
0°1Z1L ®TERLL L'YZYZ2 Z'mey 0§ "9y L7482 L7901 1] 79y 4712 FEYOS 970 0°9¥05s  S8-17r-60
0 eEL BTlO0L vz Z'gset e L7y RSl )14 1714 ey L4z R0y L 2710y S9-1nr-go
0°L8%l  BLLL 3 T A .71 S 07y .11 *iz L°46 T 442 'L S0 L7Y6RE  SR-INr-l0
0°osYl 47251 0ALL LTvELY 502 0¥ 0°zo2 oL L 46 R 4742 °YSEY YO 2 ¥SEY  SE-1Or-90
0°0L91  LUZESL 9U9SPL  BOLEY  ¥'2 L 1 0" %2E 9251 ()] Y 1712 o9y Yo 47659  SB-1°T-50
0°9%0Z1  §°9L6 ERL 9L0sY w2 I "BE 986z 278 (1] ooy L4z 0Ly £o Z°0LLY  SE-INr-¥
0°2621 07522 STBs8L  1T6liE 572 0"t 67581 ez L 46 ey FAF Iy L"oeRE 90 $°AIEE  SR-IOT-EO0
06021 17o%l ST9E6L  YUSEE 92 oY o sl ¥z L 46 oy L7282 Sy LMD USLlY  SE-Inr-20
oMol gzl LToElZ  ATSEEE 572 0°gt L 661 L Is L6 9y 4712 £Te5YE YO L°864%E  S@-17T-LD

:Ill"‘l“.ﬂﬂ..'l.l..lll.ll R EEERE TN TCANEEEESEENw - EEE
¥l 11! 21 1! ol -] ') F) 9 ] ¥ £ g ! aiva
TLNWLS  QHSHIVM  SIOWITTI NSNIALG  TWNYD TN qwaJ3y  TWNYD YNV OHSHLVA  SIONITTT  TWNWD IvD U023
TONINOD  OL¥3ATG ol IVIOL  ONHIWIN L+ FIVD ONHIVIE  DWHIVIN SINIVId L] el B IvD

Iw ELY "1 RHOHIA  DUHDSIO  TIADIWOH QHSHIWA YMYIONT 530 H5¥1YM ROT4  NSHIAID  1TADIWON

ML LU “HIIW “HIIM 10N WOdd  S3INIVYA L i) E HOH4 “HIIW ioL
NSHIAIQ  J40MNA EEL A YT F9VdEnd " 1ONa3g 530 FIWaHNd IOV NN EL L]

173410 L1 E T¥H3034  “HIIW wiol Wod4 AlddNS  WIMONYD WOHd

FIWdWNd EELY] 440808 HILWM FOW AW
HIROWHED
1 2 a2 A 1 _ 1 _J a2 2 | ! ! L 1



SIONLTIE 40 31WLS ML OL J18YINNODDY SHOISHIATG 1D3910 B JF alik] OLNT0D - 48700 + BWI0D - €XI00 = LLATIOD ZHI0D + LRIDD = £8100
478851 ¥ULDS 0"alEL STOYEY 072 1'%t £z P 2758 279 142 L'9ESY %70 £7SESY  SRSL Tony
_l.l!llI.I.IHD.KHINII.-.HHHHHH.I.I..I..-..:.IllHﬂh".h.ﬂI.dH.l.IIlllllll'llllllll**lllllHllll.l.l.l.l-'Ill.lllll.l.l.l.llllllilllll.l-lllllllI.I.I.I.I.I.I.II.I.IIIII.IIII!.I..I.I
07 SEL ¥UYRL B6E9L O°9YRE 271 L L 7.1 . 211 2758 gy 1742 L7800y 270 S°R00Y  SE-Bow-Lf
0°0YYL  £TRLE YR BTSSIE 077 it &7 102 27y 2°sg B L°82 £7%268 %0 4°E265  SB-Dny-pf
00281 STIAS i'99GL  0'veOY L2 VLR 1 ¥ 68 =) 2y FAFId 0'g0EY Y0 97208y S@-Bny-52
07 LLEL E°48 270881 LTs0LT 27 2°1E .1 2’9 Z'58 279 L1712 6589 YO L 6599  cg-Bny-gz
0°21ve 1756 SR £TI2LS ¢ 172 09 0681 £62 2'58 ey 24712 ¥or2s 0 2'ol2s  sg-Boy-47
0" ¥e¥L  ETLVL 6°9%il RA0SE 072 2'%L 2761 L3 11 2 58 e L1742 eE 90 2°0991  cu-Bry-g7
0°0EsL  LULS2 LU ) S T - | 9°EE 97002 4'0% £758 2 11z 5Tis8Y £70 Z'lsay cg-Bny-gz
D°S¥RL LTFES L YEves 4L 0'st ¥ L6 .11} 2° 58 59T 1742 9°205s £°0 £72056 S@-Bny-%z
0°98Zl B8 298l SISt 02 LBt YRl 1'% 2'se B9y 1742 LeE Yo Y9 Sg-Bry-g7
0"MIL S57E8 S0 CevEE 172 6°1% 279eL 5792 2758 ey 1712 L'eloy  sto Z'gloy  Sp-Bny-27
0°L%2L 07201 L3 > S R FL . S | yRE YL 192 Fa e 112 6°029% YO $°029f  Sp-Bny- 2
0°¥92L 0°SLi 0°E&IL YOISE 671 e £041 0L g e 142 'Y YO0 999t se-Bny-(2
0°%E2l  0°%LL L7868l YOYYE 02 §°SE § %61 g 2'5e B9y 1742 £i9e g0 0° 109t c@-Bny-4)
[ Ta N k] 0°OEIL POISE AL PEE 9 E02 Ly 2°58 ) 1712 gzeve 90 289t g-Dry-g)
LU T N 4 4 STHLL 9esZY 9L yEE L ¥ 8715 Fa 2 712 SYrry €0 °yrry  cp-Brwy-yg
0°0sLL LT0RY £°S8L STEETY 02 &6 9L [ [ R Fa 2 FaF I LYy 570 2°vryy  SE-Bny-gi
0°6YlL  971%8Z  LUWAL YL €2 &7 0% L1 7.1 2 EEY 2°58 £y 14z 75995 S0 £7699%  c-Dny-g|
0°S052 & G4% 2L LY L2 [ 1 0" LEZ L ¥ 2758 19 142 6°1099 YO S°109%  S9-Bny-y|
079691 €498 Y'BLSL  &'R0GS 272 6" 5y 081 0" 0%t F o] L9y L4712 L9829 90 STEEI9  op-Gny-g)
0L @ss 476851 90vHME 02 ) | 0-zz 2758 ey 1712 YIRSE S°0 6°98CE  cg-By-7|
Q'o0YL  £T90L YeALL STELLE B "4 3 Y zul 1722 2'se e 1712 £'ueE 50 BT evEE oE-Bnw-|)
0 LRIl STALL FHYEL  LTREZY 97U ) 47581 29 e s FF & 0°Is¥r  £70 4°0syy  Sp-Bry-pi
0°0LEL  £°SEL Z'le02  STZELS 272 &°9E ¥ 061 2708 2'58 99 1712 £'eEs 9o 91825  S9-OnW-40
[ ¥4 4" LBl 0°EP6L  S°yevf 272 '8t 461 6% 2 cg ey 1742 §°SI9E SO 0°5i9f  sg-8ny-gp
LY | R - 1+ L'ELS61  1'igy  £°7 L4 F°902 0Ly 2°58 oy FAF T £°4Y0S R0 4°9y05  cg-Bny-J0
07 L4 £79782 YWl "W 22 Z7EY £t L7551 '8 £y 2742 0°055% 970 ¥ &YS9  Sg-Bny-9p
ovZvil o9 6°6SIL LTYOYE 177 L 1 L&l2 CT6% 2758 ] L°42 S°PUsE 970 6°10SE  S@-Dnw-gp
065Kl 97 LiY YEPL BTLALY 1°2 6' L. 1Y &'65 258 s VA I 4 STRIEY YO L"RiEY  Sp-Bny-wp
0°Ri¥L 07021 6L YYD U2 L |1 952 2° 5§ gy 142 IS8 E°0 0°58/8  gg-Bny-gp
0 Yoyl STLLL £7LvEL voEst 272 L | 19z 258 B9y 1742 YIE S0 £ YRiE  cg-Boy-20
0°LDEL  LT26E 9SSRIl ZTOvEY Z°? 0 7 96l [0 758 ey FAFE 0°sosYy €0 47208y  Sg-Brw-LD
N N S NN R S S NN S NN SRS s Cs N NEEEETSsrEEEErTssssssws L

¥l £L 2l 1 ol & g ] 9 5 ¥ £ z L diva
TLINMIS  OHSHIYM  SIONITIL NSHIAID TvNYD TYNYD Q80234 TYMYD TVNYD  OHSHIVYM STONITI] TvmvD FIVD 080234
TOHINOD  QLH¥3ATI0 ol WIOL  INHIVIA 0l FIVD  OHHIVIM DNHIVIN  SIMIVIY L1 NAHL INDEY FVD

ERL D] M1 "1V TREHIR  DHHISIO  TIADINON OWSHLIWA  WNY[ONI %30 OHSHLVA RO WSHIAIG 1ADDM

MyH L HOH 3 "HIIN “HIIW 1oM WOHd  SINIVIA L F WONJ “HIIN wiol
NSHIALD  JJOMNY ERLD YT FOWMNd  1IN030 530 VAN IV ERi

1J3W14 HOHA L) ELEF] "HIIW WL0L WOH4 ATddNS  HIMONHD WOHA

ELLE L] ELL R 140NN H3LVAM I dRnd
ETLTLE ]
s 3 a3 a1 a1 1 N e LN " L 2



SIONITITT 40 31¥IS 3HL 0L ITEYINNOIDY SHOISHIATO L3380 ¥iw0d

il e i e b b bl i B L

OL#I0] - 497900 + BRFT00 - SO0 = |LEI0D

2870 + 14700 = £0100

EEEEEEEER N TN E S ENT YN . TSNS T TR CEEEEERE LR I8 8 8 8 ey

E0Es1 Pl =i 3 £ 9 L7892y 171 s LA ¥4 L 528 Fa) ] F ¥ ¥ L°BZ% %D £82Yr  o@sl “d3%
0°ELE2 A°c5@ 27yl YCTAY  BTL 2°% ST LWk L] bl ] AN STL0S  E0 LIS  c@-des-pf
0 L9e W L 08s1 g ZLos @71 L 47 ¥ Yol Y iz LW ") ] F ¥ ¥ ] YoPLS f£°0 L'99Lg cg-des-42
0725  %'vo R &9y 1) e & 991 .. >4 L3 ] oy FAF L7IBs 20 S°LepoS  sp-des.-gz
0°ZEY2 O0'ew 5091 9ESEY 271 @'y L DéL L°EE L] 979y F AN 9°Sl0S  yO ¥ 5l0S cg-deg-y7
07z Z°571 475091 £TSAY 27 1"5E LA .18 Y 6f L ") ] F ¥ ¥4 £EssY f£0 0" 9csY mﬁ.nru.um
0°LL68 S 8EL R Fal | 3 1 B R | 0¥ 0°902 04y L | ey FAFr ] L BELS 2°0 & IELS cg-dag-gz
0’1907 L "ogZ ool Lo SEEY 971 By L7822 L1789 L] bl ] FAFr] 971208 E£°0 £ 1206 cg-dag-y2
0°Seul WGl Tl e elee Il LY S L0y 0°i%Z L4 £ L1712 09159 Y0 9 Glce _r.b_-!r.mﬂ
0" oYe G821 6°I0SL  RTOD&Y  LTL £y 0 LLY £°YLE 5 e LN L°12 L'6EES  £°0 8°0EES nﬂr&ﬂrﬂm
0oLl Y ELL 0"l GO eYoL g1 £ 2L g IEL L°% L ey 1°82 9L 270 D 9IE Hﬂ-&u.rﬂ
0°oslE  o°2% L17108L O0°BSIE 971 '8t T el 97y L] D] FAFE] ZSE 50 £ 2088 p-des-pz
D 2121 STey S0Z0Z &TLIZY @0 FA. § 29l L3 4 L] 8oy FAF 0°ISEY 90 Y ocEy cp-des.gy
ORI &Y 2719481 SToweL 1% £°5 28I 952 L | oy F A 4 S'9OYE 90 &°S0%E cp-des-gy
0°Li%L Oy SRl 0TRIYE 2L D55 178l FAFr L3 ] oy FAF ¥4 YEPSL Y0 0°E9SE  Sp-des-s|
0°0FLE  £TRd L LTIesT 200 £ EE 1591 18 L] 7oy FAFr] 2°6ElE f£T0 & ¥LE cp-deg-g
[ ¥rd] £'d L eveL Y0558 2L Bl 1" 581 [ 4 528 "l FArEs ¥ oyig £0 L"S%f cg-deg-g|
0 ZiEL ¥ R0l L9591 L0 1% T A | 0" EE £ seL £'82 L4 [ ] 117 LCioRe Z'O &7 90RE mﬂ...i.w—.
074921k §°SEl 471021 [ S ¥ 1 S A | &°EE 47991 47462 L3 ] oy F AN F 4 9RE £0 ST99RL cp-das-f|
071251 2791 Y IRLL L"891ly 21 ™ Y D& 9L 578 79y FAFF. oty f£70 L 928y cp-desg-7|
0" LEZL 9682 ST Lol SERE  I°L L1 1 2 Bsl LY 58 gy Farts 2000 Y0 B a8AL B-iu.:
0°EZZL £°95Y 0°9lLl  @°6wE €71 g°sE FArd ¥4 2°5% L] oy F A F L°EZLY £°0 Y EZ2ly cp-des-gy
0 gl L EYaL L &l L'ovEs 271 6L L9719 &7 122 e oo FF I 4 90898 LD 6495 mﬂ.-&ﬂr&—w
&Rl 0°SsR Y ¥L02 I"E088  0°2 'Ly [ -T2 Lzl L] oy FAF ] 0°Z¥L% f£°0 £7i%l9  sg-des-gp
0" 90f1L B LEL §°YlZZ YeYLY &°L 2788 I8 '0E 528 oy FAF ] 1°682% 170 0882y cg-des-yp
0°Z9eL 47922 L"Zl6L 971506 @71 F .19 L"o%vZ F v | S8 179y F A 4 9°ES28 S0 £7ES2¢ Sp-des-9p
0°0LZ1 L €0l 19 TR A 21 (i} L 581 1"82 L] T L 12 SRSt 970 67195k Sg-des-co
0°0gLL L] 0° 2641 ST8ISE I Y of £ 581 £ee L Ny FAFE. VA9E £T0 - TL E.nru._:_
0402 5°89 0°L0?  ECAIEE §°L TRt ra 1 262 L) " ] FAF T 0°82SE L0 £°9255 cp-des-gp
0°EREL  £7@01 PO STIEYE 21 ye |41 L-0g L3 | oy FAF 4'SEPE £0 9°SE9E Sp-des-70
0 I9EL wELL §TS59L ZTEEYE 21 £ 7E & 581 &4°Z2E L3 ] 7oy FAF ¥4 SIYLE YOO L2yt cg-des-p

1l j18 cl L 1] § & g ) 9 14 L] £ H L Jlva
TL2NELS  OHSHIYM SIONITTI WS¥3AlQ YNV TYNYD J¥0334 YNV Rl | ] CHSHIYA SIONITTT  TWNYD E i ] 090334
TOHINGD  aLl¥3AT0 ol Iviog ONNIYIY ol FIvD ONHIYIE  ONNOVYIH SINIVId Nl NAK L anoayv FVD

a7 £ N 132y INEHIA  TEHIS10 TIADIHON QHSHIWA YNV ION] 530 Sl [ B F] HSHIAIG TIADTMON

MyH 1 WO “HIIW "HIINW 10M WO SINIVIL WOH 4 [ L E] "HIOIMW IioL
NSHIAIQ 440MNH EkL A Eb Al FIW4HNd " 1ONg3a 530 FIVARNd IOV dNNG Eb i a

13341a WON4 ALLELEE] "HIIMW wilol Lt E] AlddTS  HIMONHD WOH4
EHL AT % A1 440MNY b ETR ] AT diNd
HIAONED
S IS aN GEE ON GE LN AN AN e Wl L



APPENDIX B2

NORTHEASTERN ILLINOIS PLANNING COMMISSION
LAKE MICHIGAN DIVERSION ACCOUNTING

WATER YEAR 1984 REPORT



LAKE MICHIGAN DIVERSION ACCOUNTING
FOR WATER YEAR 1984

Prepared by

THE NORTHEASTERN ILLINOIS PLANNING COMMISSION

For
THE ILLINOIS DIVISION OF WATER RESOURCES

April, 1987



TABLE OF CONTENTS

The Accounting Report

Water Budgets at MSDGC Treatment Plant
Upper Des Plaines Pumping Station

O'Hare Treatment Plant Watershed Transfers

I. Introduction
A. Budgets
B.
II. Observations
A. Record at Lockport
B.
c.
D. Precipitation Gages
E.
F. Summit Conduit

III. Sewer Induced Groundwater Pumpage

IV. Diversion Accounting Report Results for Water Year 1984

A. Column 1
B. Column 2
C. Column 3
D. Column 4
E. Column 5
F. Column 6
G. Columns 7 & 9
H. Column 8
I. Column 10
J. Column 11
K. Column 12
L. Column 13-15
V. Conclusions

VI. Recommendations

REFERENCES

TABLES

The Record at Lockport

Diversions Above Lockport Gage

Total Flow Through the Canal
Groundwater Pumpage From the Lake
Michigan Watershed in Illinois

Reaching the Canal

Groundwater Pumpage from the Des Plaines
Watershed Reaching the Canal

Water Supply Pumpage from Indiana
Reaching the Canal

Sewer Induced Groundwater Pumpage
Runoff from the Des Plaines Watershed
Reaching the Canal

Total Deductions

Domestic Pumpage from Lake Michigan not
Discharged to the Canal, with
Adjustments

Total Diversion

Lake Michigan Water Supply Dumpage,
Stormwater Runoff, and Direct Diversions
at Lake Controlling Structures

Table l: Water Budgets

Table 2: Diversion Accounting Report for Water Year 1984
Table 3: Summary of Flow Components Above Lockport

Table 4: Revised Monthly Precipitation



LARKE MICHIGAN DIVERSION ACCOUNTING FOR WATER YEAR 1984

I. Introduction

The 1984 water year accounting for the State of Illinois'
diversion of Lake Michigan water is the result of a major effort
by the state to improve the accounting procedure which began with
the 1983 water year report. Previocus accountiﬁg procedures had
relied on estimation techniques which met the directives of the
U.S. Supreme Court decree but did not attempt to cross check
measured and estimated values, The new accounting procedure also
meets the directives of the U.S. Supreme Court decree and at the
same time, through a system of water budgets, checks whether the
water entering key points in the diverted watershed system bal-

ances with the total water leaving those points.

A. Budgets

Initially, a total of 13 water budgets were prepared using both
measured and estimated data, the latter obtained from simulation
of the hydrologic response of the major sewer systems and ungaged
watersheds. However, Budget 6 was dropped in water year 1984 due
to the uncertainty of the flow measurement at the Upper Des
Plaines Pumping Station. The remaining 12 water budgets are the
starting point for the analysis of data collected to prepare the
diversion accounting report. These budgets are discussed in

detail in the Lake Michigan Diversion Accounting Manual of

Procedures (NIPC, 1985). In balancing against the most important

flow budget, Lockport Powerhouse and Controlling Works, over 85

percent of the flow data was measured and less than 15 percent
estimated.



Table | shows the budgets used in the new accounting procedure.
Budgets 1 through 3 are not true budgets, in the sense that
inputs are measured against outputs, but rather are summations of
critical water supply pumpage data by user. Further, Budgets
4,9,10, and 11 do not independently balance inputs wversus out-
puts. These budgets are used to estimate stormwater runoff at
Stream gages by subtracting sanitary and point.snurce flow from
the streamflow record. Budgets 5,7,8,12 and 13 compare measured
and estimated inputs against measured output. it the Metro-
politan Sanitary District of Greater Chicago (MSDGC) treatment
plants (Budgets 5,7,8 and 12) this is actually a balancing of
estimated inputs versus measured inputs to the treatment plants,

since plant effluent is not measured.

Table 1: Water Budgets

Tributary
No. Name to Nos.
1 Lake Michigan Water Supply 4-11, 13
2 Groundwater Supply Lake Michigan Watershed 4=-11, 13
3 Groundwater Supply Des Plaines Watershed 5-8, 12, 13
4 North Branch Chicago River at Touhy Avenue 13
5 Northside Treatment Plant 13
6 Upper Des Plaines (Not used in 7
Pumping Station Water Year 1984)
7 West-Southwest Treatment Plant 13
8 Calumet Treatment Plant 13
9 Little Calumet River at State Line 11
10 Thorn Creek at Thornton 11
11 Little Calumet River at South Holland 13
12 Lemont Treatment Plant 13
13 Lockport Powerhouse and Controlling Works -




B. The Accounting Report

Following the preparation of these budgets, their components are
used to compute the accounting report. Table 2 is the accounting

report for the 1984 water year.

II. Observations

Observations obtained from the 1984 water Year results follow.
Overall, a very good balance between estimated and recorded

components was obtained (3% discrepancy versus 10% in water year

1983).

A. Record at Lockport

As in the preparation of the 1983 accounting report, the accuracy
of the record at Lockport was agaiﬁ in question. The record at
Lockport was once again recomputed based on the U.S. Army Corps
of Engineers (COE) recent analysis of the sluice gate ratings at
the Lockport Powerhouse and on the free flow and submerged weir
ratings at the Controlling Works sluice gates about 2 miles
upstream (COE, 1983; COE, 1983; COE, 1984). The conclusion of
these studies was that significantly less flow could be expected
through these structures using revised ratings developed by the
COE. 0f special interest was the submerged discharge rating for
the Controlling Works and data obtained by the MSDGC during the
1983 water year which indicatad tailwater head on the gate sills
up to 92 percent of upstream head on the gate sills,

-3-



T11- 56 + BETE (L6) s3I0 SOTC k86T

90z~ £Th- 692K (ET1) s32 £19¢ £861
LOZ+ £IT+ 960¢ (6796) SIO LBOE 7861
b6 + b6 + 901E (£6) S3I0 901E 1861
ung SATIeTIUIg Tenuuy W butuury (532 00Z'E 3O %) UOTSADAT
ST} - S Ieag 0f Tenury Teax butiumoooy

LOE JHN0O JWEANS "STN QHOMCDNY 0B6T NN
HOTSHIATT NYOTHOIW IWT ,STONTTITI 40 SNLYLS

PERAOC SIHL HCAd ONI I¥YWHOMHsse

. . . es 11140 0=0 SHHNTIDD=21 MHEATDD ses) (R+0e%4e SHNHENTVIZ0L LHENIOT 4al
dommmemmymmaeeoyociol90, 12470 IIASAC TSN 834 MOLLIINGIG v S¥ 0I0ATINT LON (6 (MK £ SNKNT0D) I0vakNd HILVRONADYD 0 rOMI 33ads +)
u_.¢a¢ Jaroie JZTIS9L wrEnil 0t C*99F  &*62 ‘2ei0z .m.: ||-||.--|m”“h-.m

- o ] e e i ] - e i i e o o
WE2IE=- P2 o0l B*CT ¥ q *aA51d15S
**7E 0*¥9Z &G 1°ri FXT YHELDDY
L 1 ATEEZ  E*D £*7S o*n AL TN
G (-5 1 T4 P ] 1*50[ **0 yA&eINPF
e. . L*lT @*10%  &*0 ¥UUFZ  G*0 YRALAYH
JersIZ hegz TUEES 1*Cl-  L*GAF w0 thE1 gy
L T3 n*gls Sedd 1*0LE (TR ¥ BT avw
G iy [ LI AT L*EO9F  Z*0 A TEN]
652 6*6SZ  E*tE (3L 2*0 PR FTHYF
1°52 G*eyf LS9 grinz 9 : cealdac
ez C* 19w Bewll Ly 1 7roy 1'0s ot A*RLTIC FD $*"ALZE THEIAPH
JLI3ELEIReS _fliwcl eemlor 9-62 Joorez  eezr 2tz K ,0nis LN {4 S*AY.  64TLEF_ w40 S*2LIC TRALLDU
e e e el B el e bl e Y [eupey——(———— YISy [ ———— R ——————————
LRI DR SN SOV SRS S LT S L L T s | s« | ¢ | z 1 1 | 3ive
SHLISITIGHSELY e [SImAN1 | s1re  |iffvra) ve  [SI0MATE| vMwD [vhivionid | avies |oncaivalSTONTIIL 12481 1 3nwe 1 oosoo
NapiNGIfeszantol el mtadatal weed | aeodaule k1o fomiovaule ni [omnovau|sanivie ni | Aemvs | adnay | owoo3n
HENDeH L] sacrmn] ciddv] Awind oL iv0d |oWSHlvmlansuiymonshivalyuvtanl| "s30  foussive|uanosHi|Hsa3aa|  39¥9
MERD@uL ] adlinn nin oainsral =uint |olvaaralsanrvia|niiaaro]  wous WOHA | *HIIw “pd 1IACIHON
133410 Frp 10w HGH 3 WOH 3 s50 | woud |3Iovamwna|dovdene| Havd | vicl
g o HGE=d MMy dind| SHOTL | 39vdkng wHS JUS¥ARNd] AdaNS | HL=OHHT wWoLd
FLE T *LEPRCO|-2N030 |BImonad| Jgd0H08 | HisoHES | BALva F9VdWN
*W3IM | w1l [o3sdnont a3anant] - HiroKyn) -
LS Rl L ELIF 14 HImIs
S A e e e e e e e e ————— e e e = e e i e ] - — H P SR Y —————

{542) OHD2AS MAg LADd JIDNT W1 AFLNIS EZ54 34% viva v
¥ALT "HIHWALADE 0L EN&T *HIAOLID  WDYA ON1493d IHL M4
Andd 3y DHTANNOI2Y NOTSYSALTO SA24N0S3H MIfv M A0 HNCISTATD SIONIT]

PBET Te=2i I53eM
103 Jaodsy BuTIUNOOSDY UOTSIDATO 7 STOERL



?he recomputation resulted in a 3.0 percent decreasa i~ slui-s
Jate dischharge or 7.7 cfs. Next, free flow discharge througih the
Controlling Works was recomputed using COE ratings. Discharges
through the Controlling Works were also recomputed to account for
submergence on days when at least 5 gates were open (with gate 7
one of the five) using an average submergence of 0.89, based on
MSDGC observations for other days (NIPC, 1985}."This recomputa-
tion reduced controlling worxs flows by 28.7 cfs or 37 percent.
Total discharge dropped by 36.4 cfs or 1 perctntt The £flow
balance for the 1984 water year is within 3 percent of the
revised measured flow at Lockport as shown in Table 3. The
Lockport record is 90 cfs greater than the sum of measured and

estimated component flows.



Table 3: Summary of Flow Components abave Lockport (Budget 13)
Water Year 1934

— -

—

Lake Controlling Structures (Measured)

Wilmette 38.8
CRCW 279.0
O'Brien 283.5
Backflows . =0.5
Streamflows (Measured)
North Branch at Touhy 140.8
Litle Calumet at South Holland 215.,7
MSDGC Treatment Plants {Mlaauréd}
Morthside 438.8
West-Southwest 1162.7
Calumet 358.6 -
Adjustment for
Interlake=-Riverdale -2.5
Lemont 2,0
Other Point Sources (Measured) 5.4
Summit conduit (Estimated) 9.8
Argonne Withdrawal (Measured) -0.4
Grand Calumet Streamflow (Estimated) 6l.4
Combined Sewer Overflows in
Ungaged Watershed (Simulated) 220.4
13A Pumping Station (Estimated) -0.3
Direct Runoff in Ungaged
Watershed (Simulated) 140.5
COE Emergency Nav., Make-up (Estimated) 32.8
Total 3386.5
Lockport Recorded Flow (Revised) 3476.2
Difference g9.8




B. Water Budgets ar MSDGC Treatment Zlancs

As in water year 1983, water calances at the MSDGC Northside
(Budget 5), wWest-Southwest (Budget 7) and Calumet (Budget B8)
treatment plants still indicate less estimated flow than measured
input. Estimated inputs are from 2 to 17 Percent below measured
inputs. The overall difference is about 120 cfs, or 6 percent,
which is significantly better than the 12 percent difference
Observed in 1983, The budgets for the MSDGC treatment plants are
constructed by estimating an hourly sanitary return flow pattern
and gquantity and then simulating infiltration, inflow and com=-
bined sewer overflows. Sanitary return flow to the HSbGC treat=-
ment plants was assumed to be 90 percent of service area water
supply pumpage. This assumption of 10 Percent consumptive use
agrees with conclusions developed by the International Great
Lakes Diversions and Consumptive Use Study Board (IGLDCUSBE,
1981). This pumpage was observed to have increased 2 percent
between 1983 and 1984. Except for some revisions in the repre-
sentation of separately sewered areas, model parameters used to
govern infiltration, inflow, and combined sewer overflow quant-
ities were those established during calibration in 1977 and
modified by recalibration in 1979 (NIPC, 1977; NIPC, 1980),
Since about 80 percent of simulated influent to these MSDGC
treatment plants is sanitary flow, the estimation of influent is
highly sensitive to return flow assumptions and relatively

insensitive to infiltration and inflow parameters.



Overall, the simulated treatment plant influen: amounts changed

insignificantly between 1983 and 1984, reflecting a trade-o

-

iy

£
between slightly increased sanitary flow and elightly decreased
infiltration and inflow. However, changes in recorded flows were
substantial overall, ranging from =11 percent at West-Southwest
to + 7 percent at Calumet. The net effect of these changes on
individual treatment plant flow balances for 1984 can be

summarized as follows:

L

Treatment Simulated}&acardedl
Plant Flow Ratio Change from Previous Year
WY 1983 wY1984
Northside .90 .93 slight improvement
West-Southwest .87 .98 : dramatic improvement
Calumet .90 .83 dramatic worsening

These results are somewhat confusing, particularly at West-
Southwest and Calumet. At West-Southwest, the 1984 balance is
very good. This improvement is due mostly to a dramatic decrease
in recorded baseflow, or dry weather flow, of 100-150 cfs between
1983 and 1984. The reason for such a decrease is unknown. At
Calumet, the 1984 balance is poor, significantly poorer than in
1983, One reason for the discrepancy is a substantial unex-
plained increase (about 50 cfs) in recorded baseflow between 1983
and 1984. Another curious observance from the Calumet reported
flow record is that its response to storm events is unusual
compared to the other two major MSDGC plants. Bagseflows at
Calumet are about 300-330 cfs and peak flows, in response to
stormwater runoff, rise only to about 400-450 cfs. At Northside

and West-Southwest, peak flows can be twice as high, or greater,

-8-



relative to baseflaws. Also, at Calumet, wet weatller flow tends
to plateau for relatively long periods of time at the ceak flow
level, unlike the more “"peakish" response to storm events
Observed at Northside and West-Southwest. The reasons for this
type of response at Calumet are unknown. Therefore, it is
difficult to accurately represent the reported flow record with
simulation. One possible explanation for the peculiarities in
the Calumet flow record is that ongoing construction activities
at the plant may result in frequent by-passes. waever, such
bypasses are not reflected in the bypass record reported by
MSDGC. It was also suggested that extended high flowa might be
explained by storage in the sewer systenm. Considering the large
volume of flow involved relative to potential sewer storage, this

is not a reasonable explanation.

As was discussed in last year's report, some additional possible
reasons why these budgets did not balance, assuming plant
influent records are accurate, include model assumptions, recycle
of river water through combined sewer overflow structures, leak-
age into lake front interceptors due to high lake water levels,
and unreported discharges to the treatment plants. As in the
1983 balance, it does not appear that the observed discrepancy
between simulated and recorded flow records could realistically
be made up by an increase in treatment Plant infiltration and
inflow. However, the correctness of infiltration and inflow

components will be re-evaluated as additional years of data

become available.



Leakage through improperly sealed gates on combined sewer over-
flows is another opossible explanation for the difference between
estimated and recorded treatment plant flows. The MSDGC feels
that leakage to the plants through combined sewer overflow struc-
tures is minimal, But actual data on this phenomenon are not
available. If leakage does occur, NIPC's estimate of influent
does not account for it and so would be expected to be lower than

the measured record.

Another possible explanation for the budget differences is
unreported discharges to MSDGC plants. This explanation 1is
unlikely because of the large difference of 110 cfs. However, if
there are industries or commercial buildings using groundwater or
river water whose water supply pumpage has not been counted and
who return the sewage effluent from these flows to MSDGC plants,

NIPC's estimate of influent would not include thenm.

This is an important issue since accurate flow balances at
treatment plants can assist in the verification of estimated
infiltration and inflow components, which are used in the

computation of deductions.

C. Upper Des Plaines Pumping Station

Based on the inconsistencies between the Upper Des Plaines
pumping station record and the record at West-Southwest, the fact

that flow can bypass the pumps and not be recorded, the fact that

*
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flows can Dbe recycled =hirsugh the staticon, the facs =har =he
orifice plates by which Jischarge is measured have not been
inspected in 20 years, and the fact that the station is unmanned,
it was concluded that the record at the station could not be used
to balance simulated flows in the watershed. Consequently, this

budget was dropped.

D. Precipitation Gages

Thirteen hourly precipitation records are used to estimate flow
components to MSDGC treatment plants and streamflow for ungaged
watersheds. The average precipitation at these gages in the 1984
water year was 32.4 inches with a standard deviation of 5.22.
The variability among the measured precipitation totals was again
substantial as in water year 1983. The Illinois State Water
Survey (ISWS) was retained to review the 1984 water year data in
context with historical regional data and to suggest improve-
ments. The ISWS recommended revised precipitation event totals
for twelve of the thirteen gages and recommended changes in
precipitation data collection procedures (Vogel, 1986). 1In all,
total average precipitation was increased by 4.4 inches. Revised

monthly precipitation totals are shown in Table 4.

Precipitation undermeasurement affects estimates of infiltration
and inflow to MSDGC treatment plants and estimates of total run-
off and flow passing Lockport. However, these effects on runoff

are difficult to quantity. A rough estimate of the effect of a

4.4" increase in rainfall across the watershed is that simulated
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runoff in the ungaged watershel abaove LOCKpPOrT mijns increasa oy
about &0 cfs. The impact on the estimate of diversion for which
Illinois is responsible is minor since the rain jages represent-

ing the Des Plaines area of the overall watershed, where

deductions are computed, were changed very little.

E. O'Hare Treatment Plant Watershed Transfers

Although the O'Hare Water Reclamation Plant is now fully on line,
a significant quantity of flow is still being routed from its
design watershed to the Northside plant. The MSDGC has estimated
this quantity at 29.4 cfs in water year 1984, but has not speci-
fied its origin within the O'Hare watershed (MSDGC, 1986). It is
assumed that sewage effluent derived from groundwater supply in
Des Plaines, Mt. Prospect, Prospect Heights, and Arlington
Heights, along with infiltration and inflow, comprise this
flow. This assumption was based on proximity to the MSDGC
interceptors transferring flow to Northside and an analysis of
these communities' water supply pumpage versus return flows
reported by MSDGC, However, the lack of any metering of this
flow along with unctrtaintiu; about its origin or flow pattern

suggest that further analysis or measurement of this source may

be necessary.

F. Summit Conduit

The measured record at Summit Conduit contained many gaps due to

gage malfunction in water year 1983, The location of this gage
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also has Dbeen «criticized by previous Lavestigatsrs Harza,
19381). Consegquently, the available gage record was not used in
water year 1984 and an estimated record was substituted. The
estimating technique adds measured point source discharges to
simulated runoff quantities to arrive at a record. The 5.4
square mile watershed is Thydrologicly/hydraulicly complex.
Contributing to this complexity are quarry dewatering operations
and the existence of combined sewer overflows. A flow record
exists for the guarry dewatering operation {HaterialVServicul and
for the other point source discharges from Reynolds Metals and

Universal 0Oil Products.

There remains some lack of clarity about the quarry dewatering
operation with respect to its implications on diversion
accounting. A small portion of this pumpage, 0.15 cfs, was
subtracted from the Summit Conduit flow in previous accounting
years because this amount already had been counted as a deduction
(in Column 5) as non-public groundwater pumpage reported to the
ISWS. The current report continues to follow the same proce-
dure. Though this flow is gquite small, it should be verified
that 0.15 cfs is still the amount reported to the ISWS by

Material Service as groundwater pumpage,

III. Sewer Induced Groundwater Pumpage

Sewer induced groundwater pumpage refers to subsurface runoff

(sometimes called groundwater flow or baseflow) which is induced
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f£icient undergrouns

t2> occur because of the presence of 3 vary 2
écllectian system of sewers, and which would not have occurred 1in
an unsewered, undeveloped watershed. 1In effect, the sewer system
"pumps” this induced groundwater to wastewater treatment plants
and to the river system.

Sewer induced groundwater pumpage is determined by hydrologic
simulation. Subsurface runoff from pervious areas in the
combined sewer watershed was compared to subsurface runoff from a
pre-development pervious segment. A ‘pre-dtvulapmint pervious
segment could be characterized as relatively flat, pocrly
drained, woody and marshy. The expected hydrologic response of
this pre-development "lowland/forest" segment was developed

originally during a hydrologic study of the effects of
urbanization (NIPC, 1976).

The estimating procedure for sewer induced groundwater pumpagde is
discussed in detail in the accounting manual of procedures. Very
simply, the amount of induced infiltration is based on the dif-
ference in subsurface runcoff between developed grassland and

undeveloped lowland/forest segments.

The computation of sewer induced groundwater pumpage is performed
for Columns 7 and 9. In water year 1984, 308 square miles of
combined sewer area in the diverted watershed yielded 26.49 cfs
of induced infiltration. Separately sewered areas in the
diverted watershed in Illinois totalling 106 square miles,

yielded an additional 3.39 cfs for a total of 29.88 cfs of
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induced infiltration for Illinois. Finally, sewersl areas in =he
Indiana diverted watershed yielded 0.50 cfs. The to-al aestimate
for sewer induced groundwater pumpage is 30.40 cfs. As the
result of a U.S. Department of Justice decision, sewer induced

groundwater pumpage is reported by Illinois but not taken as a

deduction.

IV. Diversion Accounting Report Results Por Water Year 1984

The accounting report for the 1984 water year by month was shown

in Table 2. Monthly reports by day are shown in Appeﬁdix A

A, Column 1l: The Record at Lockport

The water year 1984 Lockport discharge of 3476.2 cfs represents a
return to more typical discharges from the extreme flows observed
in the 1983 water year. In fact, the 1984 discharge is over 500

cfs lower than 1983,

The decrease in discharge is largely due to the decreased runoff
gquantities. Less runoff means less discharge at Lockport. It
may also indirectly affect discharge reported at Lockport because
less runoff means less operztion of the Controlling Works (l4
events) and Powerhouse Sluice Gates (61 events) which may still

contain a high degree of measurement uncertainty.
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There was one backflow even: in watar year .33+ Zuring which
million cubic feet were discharged at Wilme*

1983,

te on October 22,

B. Column 2: Diversions Above Lockport Gage

Argonne Laboratories was the only diversion of Sanitary and Ship

Canal water above the gage in the 1984 water year and its

withdrawal averaged just 0.4 cfs.

c. Column 3: Total Flow through Canal

This column is the sum of columns 1 and 2. Its value for water

year 1984 is 3476.6 cfs.

D. Column 4: Groundwater Pumpage From the Lake Michigan
Watershed in Illinois Reaching the Canal
Water supply pumpage data for ccmmuﬁitint using groundwater were
combined with annual groundwater pumpage data collected by the
Illinois State Water Survey (ISWS) for industrial and other pri=-
vate users for the computation of this column. This column
represents a deduction from the Lockport record. Its value in
water year 1984 is 48.5 cfs. Homewood, Lynwood, Thornton, and
the Fernway Utility Company stopped using groundwater in water

year 1983 and used only Lake Michigan water in the 1984 water

year.
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E. Column 5: Groundwater Pumpage from the Des ?2laines
Watershed Reaching the Canal
Again, annual community groundw~ater pumpage records for the 1984
water year were combined with annual ISWS groundwater usage data
for industrial and other private users and adjusted by subtrac-
ting daily groundwater pumpage returned to the Des Plaines in
combined sewer overflows to compute the values in this column.
The average value of this column, also representing a deduction,

is 50.9 cfs for the year.

Groundwater pumpage in water year 1984 decreased due to
increasing Lake Michigan water usage by communities, particularly
Burr Ridge, Des Plaines, La Grange, and Riverside. Industrial
groundwater pumpage also dropped by 8 percent (about 1 cfs)

mostly due to reduced usage in Lyons Township.

F. Column 6: Water Supply Fump#ge from Indiana Reaching the
Canal
This column is the computation of Indiana water supply reaching
Illinois wvia the Grand Calumet and Little Calumet Rivers, which
is deductible from the Lockport record. The influence of high
Lake Michigan levels continued in water year 1984 (annual average
= 579.75 1.G.L.D. with almost all days above +1.0 C.C.D.). Total
flow to Illinois was computed at 6l1.4 cfs with the deduction
being 54.7 cfs. The total deduction computed for this column is
59.7 cfs with the addition of water supply pumpage in Indiana

outside the Grand Calumet watershed reaching Illinois. A
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complete Jdiscussion 5f the accounting procedure 1s availadble in

the Manual of Procedures (NIPC, 1985).

G. Columns 7 and 9: Sewer Induced Groundwater Pumpage

As previously discussed, sewer induced groundwater pumpage is not
included as a deduction even though it is a4 component of
groundwater, Columns 7 and 9 report the quantities of sewer
induced groundwater pumpage for Indiana and Illinois,
respectively. They contribute a total flow to Lockport of about
30.4 cfs for this year, down 36 percent from water year 1983,

As in water year 1983, there is one month, April of 1984, in
which a negative value is obtained (-15.7 cfs). As explained in
Section III, the procedure for computing induced infiltration
compares subsurface runoff from a typical post-development
grassland area which is underlain with sewers, to subsurface
runoff from a typical pre-development, unsewered lnwland!fpr:st
area. In the long run, the post-development area yields signif-
icantly more subsurface runoff than the pre-development area as a
result of increased drainage efficiency due to sewer installa-
tion: hence, “"sewer induced groundwater pumpage." The presence
of sewers in the post-development area causes not only more sub-
surface runoff, but it also causes runoff to reach a stream, or
treatment plant, more quickly than under pre-development condi-
tions. As a result, during some periods of the year, the pre-
development area may have higher subsurface runoff yields than

the post-development segment due to its slower release of sub-
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sur face runoff. To avoid biasing the computazisn of sewer
induced groundwater pumpage, these "negative" flows are included
in the computation of the final number. The negative value for
April of 1984 is an example of this situation. It is also
important to note the added computational checks involved in the
preparation of Column 7 and not applicable to Column 9 as

detailed in the Manual of Procedures (NIPC, 19857).

H. Column 81 Runoff from the Des Plaines Watershed Reaching
the Canal '
The runoff from the Des Flaines watershed can be separated into
five categories: (1) infiltration and inflow from the upper Des
Plaines watershed to separate and combined sewers which becomes
influent to the three major MSDGC treatment plants which
discharge to the canal system (114.5 cfs);: (2) runoff from the
Des Plaines watershed which reaches the canal via combined sewer
overflows (15.0 cfs): (3) direct runoff from the lower Des
Plaines watershed to the canal (68.8 cfs); (4) infiltration,
inflow, and combined sewer overflow from the Lemont service area
(1.1 cfs);: and (5) runoff from the Summit conduit watershed (7.8
cfs). The MSDGC did not report 13A Tunnel pumpage separately in
water year 1984, Total 1984 water year runcff from the Des
Plaines watershed was 207.2 cfs, virtually all of which is
determined by simulation. Of this amount, the total runoff

originating in the lower Des Plaines watershed is about 94 cfs.
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I. Column 13: Total Deducrtion

Column 10 is the sum of columns 4, 35, 6, and 8. The total
deduction from the Lockport record in water year 1984 is 366.3
cfs. The portion of this amount estimated by hydrolegic
simulation is about 207 cfs. An additional 59,7 cfs for the
Grand Calumet pumpage deduction 1is estimated using methods

described in the manual of procedures (NIPC, 1985).

J. Column 11: Domestic Pumpage from Lake Michigan Not
Discharged to the Canal, With Adjustments
This column represents a slight modification to the accounting
procedure outlined in the U.S. Supreme Court decree to adjust for
pumpage by federal facilities, as discussed in Section I. The
total addition to the record at Lockport from Column 11 is =5.0
cfs. This is composed primarily of pumpage by primary diverters
at Waukegan, North Chicago, (minus Knollwood=-Rondout), and Lake
County Public Water District, and secondary diversions by River-
woods and Lincolnshire, Also, the sanitary portion of Des
Plaines River combined sewer overflows which is derived from Lake
Michigan pumpage is added into the value of this column. As
indicated, pumpage by federal facilities, the sanitary effluent

from which reaches Lockport, is subtracted from the above.

In the 1984 water year another, more unusual, adjustment was
required which accounts for the negative value of this column.
On September 1-5, 1984, the Corps of Engineers requested and

received an emergency diversion to alleviate critically low water
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levels in the La Grange Psol. This diversioa was Approximazely
3000 cfs each day over five days, starting around 1:00 p.m. on
September 1 and ending at noon September 5. The September
menthlv value of -372.4 reflects this event. On an annualized
basis, this amounted to a 32.79 cfs deduction from Illinois
diversion. Lacking a column to report such an emergency
diversion, Column 11 was selected since other federal usages of

lake water were already being accounted for here.

K. Column 1l2: Total Diversion

Column 12 is determined by subtracting Column 10 from Column 3
and adding Column 1l1. The total diversion for water year 1984 is
3105.4 cfs. This amount is 94.6 cfs less than Illinois' long
term diversion allowance of 3200 cfs. It brings Illinois' 40

year running average to 3228 cfs for a cumulative sum of -111

cfs.

L. Columns 13-15: Lake Michigan Water Supply Pumpage,
Stormwater Runoff, and Direct Diversion at Lake Controlling
Structures

Columns 13 through 15 are not used in the computation of
diversion. However, these columns represent the actual
categories of diversion for which Illinois is accountable: Lake
Michigan water supply pumpage by non-federal entities 1in
Illinois, runoff from the diverted watershed and direct diversion
through lake controlling structures. The sum of Columns 13

through 15 is 3096 cfs for water year 1984. The difference
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Detween this amount and the tatal Jdiversion determined 1n Zolumn
12 is only 9.3 cfs. Tiais difference is a substantial improvement

over the 430 cfs noted in water year 1983.

Theoretically, the sum of Columns 13 through 15 should be close
to the value of diversion. This assumes that measurements of
major flow components, such as Lockport and thi'lake controlling
structures, are accurate. One reason for expecting some
difference in the two amounts isn consumptive loss from water
supply. The computation of diversion from the Lockport record
does not charge Illinocis for consumptive loss of pumpage whose
sanitary effluent reaches Lockport.: i.e., water which is with-
drawn from the Lake and then consumed or lost before reaching the
canal. However, this would suggest that Column 12 should be

less, not greater, than the sum of Columns 13 through 15.

The major differences, from a ﬁydralcgic standpoint, between
water year 1983 (difference 430 cfs) and water year 1984
(difference 9.3 cfs) as measured at Lockport are the frequency
and amounts of stormwater runoff. This suggests that a large
percentage of the error observed in water year 1983 may be

related to high flow measurement.

The 500 cfs drop in the record at Lockport (1983 versus 1984
measured discharge) cannot be explained solely by reduced runoff
resulting from less precipitation. Estimated total runoff at

Lockport decreased by 170 cfs from water year 1983 (1188 cfs) to
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water year 1984 (1018 cfs). Based 2n a joint analysis 5f wa:ar
years 1983 and 1984, it appears that aver measurement of high
flow, particularly at the Controlling Works, seems likely. This
hypothesis is based on the fact that a good fit between estimated
and recorded flow at Lockport was obtained in water year 1984
using the same methods which produced a 10 percent discrepancy in
water year 1983, The principal difference between these two

water years was the number and magnitude of high flow events and

subseguent Controlling Works sluicangate oparationsita4 in 1983;

14 in 1984).
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Conclusions

The total water year 1984 revised measured discharge at

Lockport is 3476.2 cfs. Illinois diversion for the 1984

water year is 3105.4 cfs.

The estimated record at Lockport (i.e., the sum of upstream
flow components) for water year 1984, determined by the
diversion accounting procedures, is 90 cfs lower (three
percent) than the record measured by MSDGC and revised using

COE ratings and estimated submergence values.

Based on COE ratings, the record at the Lockport Powerhouse
Sluice Gates was reduced by 7.7 cfs for the 1984 water year

from a reported 273.0 cfs to a new value of 265.3 cfs.

Based on COE ratings under both free flow and submergence
conditions and tailwater observations obtained by the MSDGC
for several large runoff events, the record at the Control-
ling works was reduced by 28.7 cfs for the 1984 water year

from a reported 77.9 cfs to a new value of 49.2 cfs.

The estimated influent to the three major MSDGC sewage
treatment plants (Northside, West-Southwest, and Calumet)
using the diversion accounting procedure is about 120 cfs

(6 percent) less then the amount reported by the MSDGC.
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Significant differences weres once aga.n noted amon3 :the
average precipitation amounts recorded at the NOAA gages
(38.2 inches), the MSDGC gages (28.3 inches), and the City
of Chicago gages (31.5 inches). The ISWS was retained to
investigate these differences. The ISWS confirmed problems
at all of the non-NOAA gages and some of the NOAA gages,
The ISWS recommended increasing precipitation amounts at the
problem gages resulting in an overall increase of 4.4 inches
across the thirteen gages E32.43 inches to 36.8 inches).
Individual annual gage precipitation increases ranged from 0
to over 15 inches. The increase in precipitation helped
somewhat in achieving a balance between estimated and
recorded flows at Lockport by increasing runoff. However,
increasing the rainfall had only an insignificant impact on
runoff from the Des Plaines watershed reaching Lockport and

hence, Illinois' diversion.

Sanitary flow, infiltration, and inflow are still being sent
from the design MSDGC O'Hare treatment plant service area to
the MSDGC Northside treatment plant. These flows are not

recorded, but were estimated by MSDGC to be about 29 cfs in

the 1984 water year.

Due to the unreliability of the gage records at Summit
Conduit and Upper Des Plaines Pumping Station, these
recording points have been dropped. Alsco, the MSDGC no

longer reports 13A Tunnel separately. Budget 6, Upper Des
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Vil.

Plaines Pumping Statisn, is =as longer computed, Summ:os

Conduit is estimated from recorded point source flow and
simulated runoff guantities. The 13A Tunnel flows, which
are almost insignificant, are estimated from simulation,

based on observed flow ratios in 1983,

The diversion accounting procedure estimated about 30 cfs of
sewer induced groundwater pumpage for the 1984 water year.
Since this is essentially groundwater pumpagelwhich would
not have reached Lockport except for the presence of sewers,
this should be taken as a deduction by the . State of
Illinois. However, the U.S. Department of Justice has found
that the wording of the current decree does not allow

this. Hence, it has not been included as a deduction for

the 1984 accounting year.

Recommendations

It is anticipated that the record at the AVM site monitored
by the USGS will be used instead of the Lockport record in
water year 1985. However, if Lockport is used after water
Year 1984, further investigations into the accuracy of
raecorded flows at the Controlling Works and Powerhouse at
Lockport are needed. Particular attention is needed to
quantify submergence at the Controlling Works and its
cause. The MSDGC should establish a continuous record of

tailwater elevations at a suitable location downstream of

the Controlling Works.
-27-



The MSDGC should incorporate the revised COE ratings for
free flow discharge into their calculation of discharge for

the Controlling Works and Powerhouse,

To better guantify flow balances, the following
investigations are needed to determine the reasons for
imbalances between estimated and recorded flow at the three

major MSDGC treatment plants:

1. Quantification of sanitary return flow and infiltration
and inflow quantities.

2. Evaluation of possible leakage from the Canal through
combined sewer overflow structures.

3. Evaluation of possible unreported major discharges to the

Plant from groundwater or surface water supply return
flows.

4. Lake front interceptor leakage.

In addition, explanations should be sought from MSDGC regarding

some of the unusual changes in baseflows between 1983 and 1984 at

the West-Southwest and Calumet plants and the unusual wet weather

response at Calumet.

D.

The ISWS should be retained on an annual basis to analyze
and correct, where necessary, the precipitation records of
NOAA, MSDGC, and the City of Chicago. I1f measurement of

these stations cannot be improved, then the ISWS should
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implement their own independent precipitation nesworkx =-

supply data for simulation as part of diversion accounting.
The flow transfers from the MSDGC's design O'Hare service

area to the Northside treatment plant should be metered to

provide a better estimate of quantity and flow variations.
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