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INTRODUCTION

This report describes revisions and updates to portions of the computer model inputs used
in the Lake Michigan diversion accounting program of the U.S. Army Corps of Engineers,
Chicago District. The primary purpose of the revisions is to implement a new 25-gage
precipitation network in the diversion accounting analysis. Assignment of gage data to land
areas is interconnected with land cover assignments used in the analysis. Because it would
be necessary to recalculate land cover assignments to determine precipitation gage

assignments, the project also includes a complete update of land cover assignments.
Major elements of the project were the following:

. Review and correction of the Computer Aided Drafting (CAD) mapping

system used in diversion accounting

. Delineation of precipitation gage area assignments for the 25-gage network
o Manual land use delineation

| Calculation of land cover

. Revision of computer model inputs to reflect the updates

The above tasks formed the major work effort of the project. Deliverable results of this
effort included updated CAD mapping computer files, 1" = 400’ scale land use maps for the

study region, and the revised computer model input files.

There were additional tasks included in the project not related to the land cover/gage

delineation work. These tasks included the following items:

J Review of model parameters used in the hydrologic models
o Preliminary delineation of separate sewer areas in the Calumet facility

planning area



The results of these additional tasks are presented in technical memoranda which are

included as attachments to this report.
Study Area and Background

The diversion accounting program of the US. Army Corps of Engineers is an analysis
procedure used to determine the annual volume of flow diversion from the Lake Michigan
watershed to the Illinois River watershed. The overall program is extremely complex, and
this report does not attempt to provide a complete explanation of the procedure. However,
a simplified, partial explanation follows to provide sufficient background information for

interpretation of this report.

Water is transferred from the Lake Michigan watershed to the Illinois River system by
several mechanisms. The largest contribution is due to reversal of the flow direction in 1900
of the Chicago River and construction of a canal outlet from the Chicago River to the Des
Plaines River, a tributary of the Illinois River. As a result, 673 square miles of land
formerly tributary to Lake Michigan drains to the Illinois River system. This diverted

watershed is shown in Figure 1.

The focus of this project is the combined sewer areas serviced by the Metropolitan Water
Reclamation District of Greater Chicago (MWRDGC). The MWRDGC facility planning
areas (FPA) are also outlined in Figure 1. The study area for this project covers most of
the North, Central and Calumet FPAs. In about 80 percent of these planning areas,
combined sewers collect both stormwater and sanitary sewage and convey the flow to
MWRDGC treatment plants. After treatment, the water is discharged to the reversed
Chicago River system. The sanitary sewage portions of the treatment plant discharges also
contribute to the diversion because the potable water supply is pumped from Lake
Michigan. This pumping is the second major component of the diversion. However,
MWRDGC service boundaries extend beyond the boundary of the diverted Lake Michigan
watershed. Therefore, not all stormwater discharges from the treatment plants are part of

the diversion.
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The Corps of Engineers, Chicago District has developed a hydrologic and hydraulic
computer modeling strategy to track stormwater and sanitary sewage discharges through the
MWRDGC system. The strategy is used to determine the portion of treatment plant
discharges and flows at certain stream gages that is attributable to the Lake Michigan
diversion. The project described in this report deals with updates to the hydrologic and
hydraulic models of specific portions of the MWRDGC sewer system and local systems
connected to it. It must be stressed that this is just one component of the overall diversion

accounting procedure.
Topics Covered in this Report

This report presents computations of impervious and pervious areas for over three hundred
watershed subdivisions. These subdivisions are the result of portioning subbasins according
to a new gage delineation also completed for this project. A key tool in the land cover/gage
delineation analysis is the computer mapping system used in diversion accounting which is
introduced in the following section. Next, the basic watershed units, the special contributing
areas (SCA), are described. This is followed by report sections describing the delineation
of precipitation gage areas and the land cover analysis. Finally, the report presents

procedures for revising the computer model input files.

The report includes six appendices. Appendix A is an index to the computer mapping
system. Appendices B through G contain interim and final data associated with the land
cover computations. Additional project deliverables that accompany the report are the

following.

. Revised CAD mapping on disk

L Land cover database on disk

J SCA database on disk

J 161 1" = 400’ scale aerial photo maps with overlays showing land use
delineations

. Updated HSPF and SCALP computer model data files on disk

-4 -



PROJECT MAPPING

The contributing watersheds have been digitized into a computer format map. The Corps
provided the mapping in AutoCAD which was converted to Intergraph Microstation format
by the contractor during the project. New and revised map layers were delivered to the

Corps in both formats.

The base layer of the mapping appears to be of USGS origin. The imbedded coordinate
system is the Universal Transverse Mercator (UTM) grid coordinates, zone 16. The UTM
System is metric and grid distances on the drawings are expressed in meters. Layers
showing water courses, railroads and airports appear to have been part of the original base
map. The base mapping is useful for identifying physical locations and for lining up the
mapping with other maps such as USGS quadrangles. However, the base mapping has no

function in diversion accounting.

Important subarea delineations have been incorporated into the digital maps. These are as
follows.
o The diverted Lake Michigan Watershed
J 214 Special Contributing Areas (SCA)
J 2 "Ungaged" Watersheds:
- Lower Des Plaines River
- Calumet River
. 7 MWRDGC Facility Planning Areas (FPA)
o The MWRDGC Poplar Creek Service Area

The focus of the present study is on the SCAs and ungaged watersheds. The MWRDGC
FPA boundaries are really legal delineations rather than watershed boundaries because

MWRDGC collection facilities occasionally carry flow across their FPA boundaries.

The digital maps also contain numerous features of the MWRDGC collection system,

including interceptor sewers, TARP tunnels, connecting structures, drop shafts, pumping
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stations and sewage treatment plants. These features were digitized previously and not used

or modified in the present study. An index to Intergraph format drawing levels and

AutoCAD format drawing layers is provided in Appendix A.
SPECIAL CONTRIBUTING AREAS (SCA)

The SCASs are sewered watersheds that drain to the MWRDGC TARP system either at
present or in the future. The SCASs are virtually all combined sewer areas, but a few SCAs
in the Calumet area are served by separate sanitary sewers and storm sewers. There are
214 SCAs that have been delineated. They are grouped according to the portion of the
TARP system to which they drain or will drain when the system is complete. Each group

is identified by a one or two letter prefix as follows.

o CA - Calumet

o DP - Des Plaines

o M - Mainstream

. MN - Mainstream, North Leg
o o - O’'Hare

The SCAs in the O’Hare group are not addressed in this analysis.

The function of TARP is to capture the part of storm runoff events which overload the
combined sewer system. If an event is large enough to fill the available storage in the
TARP system, then excess flow discharges to area rivers and streams through combined
sewer overflows. The diversion accounting program employs hydrologic and hydraulic
models to track runoff and determine the runoff portions that flow directly to the treatment
plants, indirectly to the treatment plants via TARP, or are discharged to the rivers as
overflows. Both the source location and ultimate fate of the runoff are important in the

computations.

The diversion accounting program uses the HSPF hydrologic model to estimate watershed

runoff and the SCALP model to perform initial hydraulic computations. The HSPF model
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calculates storm runoff per unit area on an hourly basis. Contributing areas and baseflows
are defined in the SCALP models. Total flows are routed through the lateral, submain and
main sewer systems using SCALP. SCALP also determines the hourly flow to the treatment
facility and the quantity that becomes overflow. Subsequent modeling of the TARP system
identifies the portion of the overflow that is diverted to TARP for later treatment and the

portion that is discharged to area waterways.

Thus, a major input in the treatment plant/TARP/overflow modeling is the definition and
delineation of the SCAs. The study described in this report included a detailed review of
SCA delineations and development of a database that provides pertinent information about
each SCA. A map showing the SCA delineations is provided in Figure 2 which can be
found after the appendices at the end of this report. This map indicates the identifying
designation of each SCA and the area of the SCA in acres. The SCA designation consists
of two parts: a prefix identifying the TARP branch to which the SCA drains and an
identification number. Letters A and B have been used to indicate SCAs that were

formerly a single SCA and have since been divided.

A review database of SCA characteristics is provided in Table 1. This table lists the SCA
identifier and the surface area of each SCA. The map area was determined digitally using
the CAD software. The model area indicates the area that was entered in SCALP model
inputs for WY 1989 submitted to the contractor by the Corps. Differences between the map
and WY 1989 model are noted, with differences exceeding S percent highlighted. Correction
of SCA areas to agree with "map areas" is among the revisions to SCALP inputs completed
in this project. Table 1 also identifies whether the SCA is served by separate or combined
sanitary sewers. Four separate sewer areas in Calumet are not mapped in the CAD system,
and there is no map area shown. Table 1 also gives the file name where the SCALP input
for each SCA resides.



TABLE 1
REVIEW LISTING OF SCA’S, SEWER SYSTEMS AND INPUT FILES

MAP AREA MODEL AREA|DIFFERENCE| PERCENT | SEWER I SCALP ;
SUBBASINID # acres sq. miles 39. miles 3q. miles DIFFERENCE: SYSTEM | FILE | COMMENTS
CA 2 718 1.122 1.122 - - i COMB. | CAL-LM |
CA 4 3.080 ' SEP. CAL-LMDP
CA s 201 0314 0.314 - - COMB. CAL-LM
CA 6 681 1.064 1.064 - - COMB. CAL-LM
CA 7 741 1.158 1.158 - - COMB. CAL-LM
CA ™ 659 1.030 1.030 - - COMB. CAL-LM |Former CA(C-T™)
CA 7Q 4063 6.348 6.348 - - COMB. CAL-LM !Former CA(C-7Q)
CA A" 847 1.323 1.323 - - COMB. CAL-LM |Former CA(C-7TV)
CA TW 2497 3.902 3.902 - - COMB. CAL-LM |Former CA(C-TW)
CA 8 © 747 1.167 1.167 - - COMB. CAL-ILM
CA 9 203 0.317 0.317 - - COMB. CAL-LM
CA 10 5439 8.498 8.498 - - COMB. CAL-1LM
CA 11A 567 0.886 0.886 - - COMB. CAL-LM
CA 11B 844 1.319 1.319 - - COMB. CAL-LM
CA 12 2622 4.097 4.097 - - COMB. CAL-LM
CA 13 3726 5.822 5.822 - - COMB. CAL~-LM
CA 14 187 0292 0.292 - - COMB. CAL-LM
CA 15A 960 1.500 1.500 - - COMB. CAL-LM |Former 15-1
CA 15B 79 0.123 0.123 - - COMB. CAL-LM |Former 15-2
CA 16 227 0.355 0.355 - - COMB. CAL~-LM
CA 17 527 0.823 0.823 - - COMB. CAL-LM
CA 18 1062 1.659 1.659 - - COMB. CAL-LM
CA 18 E—A] 3948 6.169 6.169 - - COMB. CAL-ILM
cA 18E-B 786 1.228 1.228 - A - COMB. CAL-LM
CA 19 1267 1.980 1.980 - - COMB. CAL-LM
CA 20 249 0.389 0.389 - - COMB. CAL-LM
CA 21 636 0.994 0.994 - - COMB. CAL-LM
CA 22 671 1.048 1.048 - - COMB. CAL~-LM
CA 23 603 0.942 0942 | - - COMB. CAL-LM
CA 24 1453 2270 2270 - - COMB. CAL-LM
CA 25 312 0.488 0.488 - - COMB. CAL-LM
CA 26 586 0916 0.916 - - COMB. CAL-LM
CA 27 390 0.609 0.609 - - COMB. CAL-LM
CA 28 1329 2.077 2.077 - - COMB. CAL-LM
CA 29 802 1253 1.253 - - COMB. CAL-LM
CA 30 766 1.197 1.197 - - COMB. CAL-LM
CA 31 947 1.480 1.480 - - COMB. CAL-LM
CA 32 860 1.344 1.344 - - COMB. CAL-LM
CA 33 112 0.175 0.175 - - COMB. CAL-LM |33Ain Model
CA 34 A 1590 2.484 2.484 - - COMB. CAL-ILM
CA 34B 100 0.156 0.156 - - COMB. CAL-LM
CA 36 141 0220 0220 - - COMB. CAL-LM
CA 38 950 1.484 1.484 - - COMB. CAL~-LM
CA 39 896 1.400 1.400 - - COMB. CAL-~-LM
CA 40 1207 1.886 1.886 - - COMB. CAL-LM
CA 41 465 0.727 0.727 - - COMB. CAL-LM
CA 42 A 680 1.063 1.063 - - COMB. CAL-1LM
CA 42 B 576 0.900 0.900 - - COMB. CAL~-LM
CA 43 A 26 0.041 0.041 - - COMB. CAL-LM |Former 43-1
CA 43 B 44 0.069 0.069 - - COMB. CAL-LM |Former 43-2
CA 44 70 0.109 0.109 - - COMB. CAL-LM
CA 45 157 0.245 0245 - - COMB. CAL-1M
CA 46 343 0.536 0.536 - - COMB. CAL-LM
CA 47 54 0.084 0.084 - - COMB. CAL-1IM
CA 48 349 0.545 0.545 - - COMB. CAL~-LM
CA 49 267 0.417 0.417 - - COMB. CAL-LM
CA 50 131 0.205 0.205 - - COMB. CAL-LM
CA 51 1008 1.575 1.575 - - COMB. CAL-LM
CA 52 5.560 SEP. CAL-LMDP
CA 53 73 0.114 0.114 - - COMB. CAL-LM
CA 54 105 0.164 0.164 - - COMB. CAL-LM
CA - 55 182 0.284 0.284 - - COMB. CAL-LM
CA 56 2094 3272 3272 - - COMB. CAL-ILM
CA 57 324 0.506 0.506 - - COMB. CAL-LM
CA 58 997 1.558 No SCALP, Not Sewered
CA 59 1.430 SEP. CAL-LMDP
CA 60 1.670 SEP. CAL-LMDP
CA 61 9 0.014 0.014 - -~ COMB. CAL-LM
CA 62 235 0.367 0.367 - - COMB. CAL-LM
DP 1 281 0.439 0.553 0.114 20.6% COMB. W-UDPPS
DP 2A 72 0.113 0.114 0.001 0.9% COMR W-UDPPS




TABLE 1

REVIEW LISTING OF SCA'S, SEWER SYSTEMS AND INPUT FILES
(continued)

MAP AREA MODEL AREND{FFERENCEI PERCENT SEWER SCALP
SUBBASIN ID # acres sq. miles 3q. miles sq. miles  |DIFFERENCE SYSTEM FILE COMMENTS
DP 2B 397 0.620 0.620 - - COMB. W-UDPPS
DP 3 196 0.306 0.306 - - COMB. W-UDPPS
DP 4 365 0.570 0.570 - - COMB. W-UDPPS
DP 5 1216 1.900 1.900 - - COMB. W-UDPPS
DP 6 705 1.102 1.102 - - COMB. W-UDPPS
DP 7 955 1.492 1.511 0.019 12% COMB. W-UDPPS
DP 8 422 0.659 0.659 - - COMB. W-UDPPS
DP 9 750 1.172 1.172 - - COMB. W-UDPPS
DP 10 - 154 0241 0.241 - - COMB. W-UDPPS
DP 11 950 1.484 1.547 0.063 4.0% COMB. W-UDPPS
DP 12 210 0.328 0.328 - - COMB. W -UDPPS
DP 13 155 0.242 0.242 - - COMB. W-UDPPS
DP 14 504 0.788 0.788 - - COMB. W-UDPPS
DP 15 387 0.605 0.613 0.008 1.3% COMB. W-UDPPS
DP 16 145 0.227 0.227 - - COMB. W-UDPPS
DP 17A 175 0273 0227 -0.046 | ~203% COMB. W~UDPPS
DP 17B 441 0.689 0.675 -0.014 -2.1% COMB. W-UDPPS
DP 18 253 0.395 0.395 - - COMB. W-UDPPS
DP 19 1279 1.998 1.998 - - COMB. W-UDPPS
DP 20 165 0258 0258 - - COMB. W-UDPPS
DP 21 669 1.045 1.045 - - COMB. W-SUBDP
DP 22 44 0.069 0.069 - - COMB. W-SUBDP
DP 23 311 0.486 0.486 - - COMB. W-SUBDP
DP 24 77 0.120 0.120 - - COMB. W-SUBDP
DP 25 AB 110 0.172 0.17188 - - COMB. W-SUBDP |[25A &25B Combined in Model
DP 26 369 0.577 0.577 - ) - COMB. W-SUBDP
DP 27 324 0.506 0.473 -0.033 | - =7.0%: COMB. W-SUBDP
DP 28 312 0.488 0.488 - - COMB. W-~SUBDP
DP 29 144 0.225 0.225 - - COMB. W-SUBDP
DP 30 335 0.523 0.533 0.010 1.9% COMB. W-SUBDP
DP 31 334 0.522 0.522 - - COMB. W-SUBDP
DP 32 160 0.250 0250 - - COMB. W-SUBDP
DP 33 452 | 0.706 0.706 - - COMB. | W-SUBDP
DP 34 492 0.769 0.806 0.037 - 4.6%: COMB. W-SUBDP
DP 35 281 0.439 0.469 0030 ... 64%: COMB. W-SUBDP
DP 36 259 0.405 0.405 - - COMB. W-SUBDP
DP 37 112 0.175 0.175 - - COMB. W-SUBDP
DP 38 700 1.094 1.094 - - COMB. W-SUBDP
DP 39 265 0.414 0.414 - - COMB. W-~SUBDP
DP 40 131 0205 0.205 - - COMB. W-SUBDP
DP 41 417 0.652 0.652 - - COMB. W-SUBDP
DP 42 104 0.163 0.163 - - COMB. W-SUBDP
. DP 43 222 0.347 0.347 - - COMB. W-SUBDP
DP 44 207 0.323 0.345 0.022 |47164%" COMB. W-~SUBDP
DP 45 95 0.148 0.148 - - COMB. W-SUBDP
DP 46 218 | 0341 0.341 - - COMB. | W-SUBDP
DP 47 36 0.056 0.041 -0.015 :~36.6% COMB. W-SUBDP
DP 48 42 0.066 0.066 - - COMB. W-SUBDP
DP 49 389 | 0.608 0.606 0002 | -03% COMB. | W-SUBDP
DP 50 172 0269 0.163 -0.106 | —65.0% COMB. W-SUBDP
DP 51 217 0.339 0.358 0.019 | :53%. COMB. W-SUBDP
DP 52 751 1173 1.173 - - COMB. W-SUBDP
DP 53 150 0234 0234 - - COMB. W-SUBDP
DP 54 153 0.239 0239 - - COMB. W-SUBDP
DP 55 442 0.691 0.691 - - COMB. W-SUBDP
DP 56 151 0236 0.236 - - COMB. W-SUBDP
DP 62 51 0.080 0.080 - - COMB. W-SUBDP
DP 63 473 0.739 0.739 - - COMB. W-~-SUBDP
DP 64 50 0.078 0.078 - - COMB. W-SUBDP
DP 65 252 0.394 0.394 - - COMB. W-SUBDP
DP 66 37 0.058 0.058 - - COMB. W-SUBDP
M 1 2919 4.561 4.561 - - COMB. N-LMICH
M 2783 4.348 4.348 - . - COMB. N-LMICH
M 3 1088 1.700 1.700 - - COMB. N-LMICH
M 4 4393 6.864 6.847 -0.017 -02% COMB. N-LMICH
M S 2184 3413 3.389 -0.023 -0.7% COMB. N-LMICH
M 6 3354 5.241 5281 0.040 0.8% COMB. N-LMICH
M 7 1002 1.566 1.566 - - COMB. N-LMICH
M 8 1045 1.633 1.531 -0.102 -6.7% COMB. N-LMICH
M 9 5362 8.378 8.378 - - COMB. N-LMICH
M 10 A 3109 4.858 4.884 0.026 0.5% COMB. N~-LMICH |Former 10-1




TABLE 1

REVIEW LISTING OF SCA’S, SEWER SYSTEMS AND INPUT FILES

(continued)
MAP AREA MODEL AREADIFFERENCE| PERCENT SEWER SCALP
SUBBASINID # | acres sq. miles 3. miles 3q. miles IDIFFERENCE | _SYSTEM FILE COMMENTS
M 10B 1465 2289 2308 0.019 08% | COMB. | N-LMICH [Former 10—
M 11 1064 1.663 1.655 -0.008 -0.5% COMB. N-LMICH
M 12 219 0.342 0.342 - - COMB. N-LMICH
M 13 720 1.125 1.111 ~0.014 -13% COMB. N-LMICH
M 14 691 1.080 1.080 - - COMB. N-LMICH
M 15 1365 2.133 2.133 - - COMB. N-LMICH
M 16 5416 8.463 8511 0.049 0.6% COMB. N-LMICH
M 17 626 0.978 0.978 - - COMB. N-LMICH
M 18 2107 3292 3292 - - COMB. N-LMICH
M 19 922 1.441 1.441 - - COMB. N-LMICH
M 20 1572 2.456 2.481 0.025 1.0% COMB. N-LMICH
M 21 1110 1.734 1.748 0.014 0.8% COMB. W-LMICH
M 22 126 0.197 0.194 -0.003 -1.5% COMB. W-LMICH
M 23 1746 2.728 2.767 0.039 14% COMB. W-LMICH
M 24 109 0.170 0.181 0.011 6.1% COMB. W-LMICH
M 25 1435 2242 0.469 -1.773 -3780% COMB. N-LMICH
M 26 0.150 0.150 100.0% COMB. W-LMICH
M 27 777 1214 1222 0.008 0.7% COMB. W-LMICH
M 28 362 0.566 0.416 -0.150 —36.0% COMB. W-LMICH
M 29 846 1.322 1.353 0.031 23% COMB. W-LMICH
M 30 811 1.267 1302 0.035 2.7% COMB. W-LMICH
M 31 338 0.528 0.528 - - COMB. W~-LMICH
M 32 1022 1.597 1.644 0.047 2.9% COMB. W-LMICH
M 33 392 0.613 0.634 0.021 33% COMB. W-~-LMICH
M 34 3263 5.098 5.108 0.010 0.2% COMB. W-LMICH
M 35 1012 1.581 1.553 —0.028 ~-1.8% COMB. W-LMICH
M 36 2395 3.742 3.662 -0.080 -22% COMB. W-LMICH
M 37 1195 1.867 1.828 -0.039 -2.1% COMB. W-LMICH
M 38 268 0.419 0.398 -0.021 —=5.3%. COMB. W-LMICH
M 39 583 0.911 0.928 0.017 1.8% COMB. W-LMICH
M 40 14252 22269 22.269 - - COMB. W-LMICH
M 41 5089 7.952 7.952 - - COMB. W-LMICH
M 42 1364 2131 2131 - - COMB. W-LMICH
M 43 1561 2.439 2.439 - - COMB. W-LMICH
M 44 338 0.528 0.488 —-0.040 <82% . COMB. W-LMICH
M 45 977 1.527 1.525 -0.002 -0.1% COMB. W-LMICH
M 46 1657 2.589 2.595 0.006 0.2% COMB. W-LMICH
M 47 3267 5.105 5.145 0.040 0.8% COMB. W-LMICH
M 48 DP 1033 1.614 1.500 -0.114 =7.6%: COMB. W-LDP
M 48 LM 8708 13.606 13.667 0.061 0.4% COMB. W-LMICH
M 49 A 1403 2192 2175 -0.017 -0.8% COMB. W-LMICH (Former 49-1
M 49BDP| 1418 2216 2.093 -0.123 =5.9%. COMB. W-LDP
M 49BLM| 578 0.903 0.999 0.096 9:6% COMB. W-LMICH |Former 49—2
M 50 6473 10.12 10.12 - - COMB. W-LMICH
M 51 11300 17.656 17.656 - - COMB. W-LMICH
M 52 4450 6.953 6.948 ~0.005 -0.1% COMB. W-LMICH
M 53 2613 4.083 4.083 - - COMB. W-13A
M S5A 988 1.544 1.539 -0.005 -03% COMB. W-LDP |Former 55-1
M 55B 2071 3.236 3216 -0.020 -0.6% COMB. W-LDP  |Former 55-2
MN 1A 302 0.472 0.472 - - COMB. N-LMICH |Former N1-1
MN 1B 1416 2213 2.002 -0211 -10.5% COMB. N-LMICH |Former N1-2
MN 1C 1768 2.763 2.763 - - COMB. N-LMICH |Former N1-3
MN 1D 544 0.850 0.850 - - COMB. N-LMICH |Former N1-4
MN 1E 640 1.000 1.000 - - COMB. N-LMICH |Former N1-5
MN 2A 265 0.414 0.414 - - COMB. N-LMICH |Former N2—-1
MN 2B 669 1.045 1.045 - - COMB. N-LMICH |Former N2-2
MN 2C 464 0.725 0.725 - - COMB. N-LMICH |Former N2-3
MN 3 1316 2.056 1.475 —0.581 -394% COMB. N-LM-NBC
MN 4 1383 2.161 2228 0.067 3.0% COMB. N-LM-NBC
MN ) 948 1.481 1.481 - - COMB. N-LM-NBC
o 2 5010 7.828
o 2A 1378 2.153
(0] 2A 64 0.100
O 3C 223 0.348
o 301 115 0.180
(6] 302 135 0.211
(6] 381 767 1.198
o 382 467 0.730
o 383 243 0.380
O 384 211 0.330




PRECIPITATION GAGE ASSIGNMENT

Objective

Through WY 1989, a network of 13 precipitation gages was the basis of rainfall inputs to
the HSPF and SCALP models used for diversion accounting. The current study updates
these model inputs to reflect the implementation of a new 25-gage network. This requires
assignment of all land areas in the study region to specific gages in the network. The work

items involved in the gage assignment task include the following.

. Identify gages and devise a numbering system
. Map gage locations in the CAD system
J Delineate areas to be assigned to each gage and map the delineation

The Thiessen Network or Thiessen Polygon method (Linsley & Franzini, 1979) is the

selected approach to delineating and assigning the gages.
Gage Identification and Numbering

A list identifying the 25 precipitation gages in the new network is provided in Table 2.
Detailed information describing the location, layout, equipment and maintenance of each
gage is provided in an Illinois State Water Survey (ISWS) report titled, " Installation and
Operation of a Dense Raingage Network to Improve Precipitation Measurements for Lake
Michigan Diversion Accounting: Water Year 1990," (Peppler, 1991). The gage numbering
provided in the first column of Table 2 is taken from the ISWS report. Names of eight
letters or fewer are needed for computer directory names. TSS (Time Series Store) data
set numbers are required to complete the updates of the HSPF and SCALP model inputs.
The rainfall TSS number identifies the gage for precipitation input to HSPF. The remaining
columns of TSS numbers identify the various HSPF output time series which also serve as
SCALP inputs. Forest area HSPF outputs have been assigned only to gages that have forest

land cover within their delineation.
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Gage Locations and Mapping

To obtain an accurate gage delineation, it is necessary to map the gage locations precisely
in the CAD mapping system. Mapping of gage locations was accomplished using longitude
and latitude coordinates provided for each gage in the ISWS report. The longitude and
latitude coordinates were converted to Universal Transverse Mercator (UTM) grid
coordinates for mapping purposes because the UTM grid system is the basis of the available
CAD mapping.

The coordinate conversions were performed using Geodimeter Survey Software, Version 4.5
and equations and constants published in NOAA manual NOS NGS 5 - "State Plane
Coordinate System of 1983". Computer program output summarizing the computations is
provided in Appendix B. The gage locations were then mapped according to UTM grid

coordinates.

Gage locations were checked by printing drawings at a scale of 1" = 2,000’ and overlaying
the drawings on USGS 7-1/2 minute maps. The plotted gage locations were compared with
the physical locations described in the ISWS report. This process verified the conversion

procedure as well as the latitude and longitude coordinates obtained from the ISWS report.
Delineation of Gage Areas

The Thiessen Polygon method uses triangulation to define the region that is closer to a
particular point (e.g. a rain gage) than all other points defined in the network. The
triangulation lines are constructed by connecting each gage location with each of its
immediate neighbors. This process frequently will result in pairs of lines that intersect.
Such intersections are eliminated by deleting the longer of the two intersecting lines. What
remains is a system of compact triangles connecting the gage locations. This system is the

set of smallest triangles defined by the gage points.
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Next, a perpendicular bisector is extended from the midpoint of each triangulation line.
Each perpendicular bisector is extended until it intersects another bisector. The bisectors
will always meet in groups of three (except in the unusual case where four adjacent gages
define a perfect square, in which case four bisectors will intersect in the center). When all
of the bisectors have been extended and trimmed, the Thiessen Polygons are complete and

the triangulation lines may be discarded.

The completed Thiessen Polygons for the 25-gage network are shown in Figure 2. The gage
delineation lines define the area assigned to the gage located in each polygon. Each point
in the study area has been assigned to the gage nearest to it. The CAD drawing layers
containing the gage locations, triangulation lines and Thiessen Polygons have been added

to the diversion accounting CAD mapping system.

LAND COVER ANALYSIS
Objective

The SCALP modeling requires estimates of impervious and pervious land cover areas for
each SCA. Modeling of the "ungaged" watersheds requires estimates of forested area as
well. With the study area in excess of 480 square miles, it is not cost-effective to conduct
a direct delineation of land cover areas. Therefore, an indirect approach based on land use
is employed. The following describes the procedure to estimate impervious, pervious and

forest cover areas throughout the study area.

Approach
The land cover analysis uses a matrix multiplication procedure to convert land use areas to
land cover areas, where land cover is one of impervious, pervious or forest. There are

eleven defined land uses. These land uses have been assigned specific proportions of
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pervious and impervious area, as shown in Table 3. The information in Table 3 is derived
from standard sources such as the Soil Conservation Service Technical Release 55 (TR-59),
(SCS, 1981).

Table 3 represents a 11 by 2 matrix that is the key to the land cover computations. Land
use areas were determined in each of the SCAs and ungaged areas. These land use
assignments yield a matrix that is 209 subbasins by 11 land uses. The 209 by 11 matrix of
land uses is multiplied by the 11 by 2 land use to land cover conversion matrix to obtain a

209 by 2 matrix of the desired impervious and pervious areas in each subbasin.

There are slight variations in the above approach when forest land use is considered. Forest
land use was assigned only in the ungaged areas where forest land use was translated
directly into forest land cover. The ungaged areas were partitioned into 15 subareas for the

analysis and are included in the above total of 209 subbasins.
Land Use Delineation

Land use, as defined in Table 3, was delineated for the study area on 1" = 400’ scale aerial
photographs. Overlay plots showing the SCA and Thiessen Polygon boundaries were
prepared at 1" = 400°. Geographic features were also plotted on the overlays to aid in
aligning the overlays on the aerial photos. These 161 aerial photo sheets cover the entire
study area. Figure 3, located after the appendices at the end of this report, shows the
location and numbering of each sheet. The sheets overlap one to two inches on each side.
Match lines were drawn on the overlays to coincide with the outlines shown on Figure 3, to

ensure there would be no overlap in the land use delineations from sheet to sheet.

Land use areas were delineated on the overlays using the color scheme shown in Table 3.
The outline of each land use area was drawn and labelled. For residential areas, the
technicians performed spot checks of dwelling unit density until they became proficient at
identifying residential densities by eye. The residential densities indicated in Table 3

include streets and small parks in the aggregate lot sizes.
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TABLE 3

LAND COVER PROPORTIONS

LAND USE
Forest
Open Space / Park

Low Density Residential:
(1.1 acre median lot)

Medium Density Residential:
(1/2 acre median lot)

High Density Residential:
(1/5 acre median lot)

Multifamily and High Rise
Commercial
Industrial
Highway Corridor:
with Grassed Median

No Median

Open Water

FOR EACH LAND USE
PERCENT PERCENT
IMPERVIOUS GRASS AERIAL MAP COLOR

; s

19 81

40 60

56 44
0 o
. s

50 50

80 20
10

* In the ungaged watersheds, forest land use is translated to 100 percent forest land cover.






Land use areas within each SCA were measured using an electronic planimeter. Many
SCAs extended across several sheets but areas were recorded on a sheet by sheet basis.
The measured areas were entered into a spreadsheet titled LUBASE. A listing of this
spreadsheet is provided in Appendix C. Note that the forest land use was assigned only in

the ungaged watersheds which are indicated by the prefixes CAL (Calumet) and LDP
(Lower Des Plaines).

Land Cover Computations

The measured land use areas recorded in LUBASE were sorted by subbasin identifier so
that records for SCAs located on several sheets appeared in sequence. The sorted data
appear in a file named LUSORT. The sorted data were exported to an ASCII data file for
input to a small accumulating program written for the project. The accumulator program,
called ACC, computes the total area in each land use by adding together the measured
areas obtained from individual map sheets. The result is a database consisting of the area
of each land use in each SCA. The land use database is the matrix that is multiplied by the
conversion matrix in Table 3 to obtain the two-column matrix of land cover in each SCA.

This database is listed in Appendix D.

The next step is to partition each SCA according to gage assignment. The gage assignment
breakdown for the SCAs was computed electronically by the CAD software. Of the 197
SCASs analyzed, 78 are split into two or more parts by gage assignment boundaries. At most
the SCASs were split into four parts. Land cover in the individual partitions was determined
using the ratio of the area of each partition to the total area of the SCA. Each partitioned
area has the same percent impervious as the entire SCA it comes from. Exceptions were
made for two very large SCAs, M40 and MS51. Each gage assignment partition in M40 and
MS51 was subjected to an independent land use analysis which was converted to land cover
by the previously described method. Results for these SCAs differed slightly from results
using the area ratio method. Therefore, all other SCA’s were divided into gage areas using

the area ratio rather than individual gage area analysis.
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Results

The matrix multiplication yields land cover areas (impervious area and grass area) for each
SCA. The results are provided in Appendix E. An overall summary of the results by major
area is in Table 4. As shown, the Calumet, Des Plaines and Mainstream, North Leg
combined sewer areas were found to have overall imperviousness of approximately 55
percent while the Mainstream area is approximately 60 percent impervious area. The

ungaged areas had significantly less impervious area.

The SCA land cover areas were split in proportion to the area assigned to each gage within
the SCA. The results of the partitioning is shown in Appendix F expressed in acres and in
Appendix G in square miles. The data in Appendix G was the source of information for

updating the SCALP model representation of each SCA.

Land Cover Analysis for the Ungaged Watersheds

The analysis to determine land cover in the ungaged watershed is roughly equivalent to the
approach used for the SCA land cover. Key differences are the introduction of forest land
cover and that each gage assignment partition was analyzed individually. The relevant
analysis data are present in Appendices C and D. The prefixes CAL and LDP are used to
identify the Calumet and Lower Des Plaines ungaged watersheds respectively. Areas are
numbered according to the precipitation gage assigned to the area. Land cover results for
the ungaged areas are provided in Table 5. As shown, the gage assignments partition the

Calumet ungaged area into eight areas and the Lower Des Plaines area into seven areas.

COMPUTER FILE REVISIONS
The HSPF and SCALP model input files used for diversion accounting were revised to
reflect implementation of the 25-gage precipitation network and the updated land cover

computations. The new 25-gage network affects both the HSPF and SCALP models while
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TABLE 5

LAND COVER RESULTS FOR THE UNGAGED WATERSHEDS

GAGE | BASIN | AREA | % OF SQ. ML S0, ML SO M.
NUMBER | AREA |SQ.MI [TOTAL IMPERV|GRASS FOREST

BASIN | (ACRES) AREA |
CAL 12 12 1601 2.502 3.0% 1.421 1.080 0.000
CAL 16 16 1913 2989 3.6%| 0791 2137 0.061
CAL 17 17 15870 24.797| 29.5%| 10.421| 12.353| 2.023
CAL 18 18 1203 1.8801 2.2%| 0.632] 1.248] 0.000
CAL 20 20 5355 8.367| 9.9%| 3292 5068 0.007
CAL 21 21 17775 27.773| 33.0%| 9.712| 15.545| 2.516
CAL 22 22 8130 12.703| 15.1%| 6.395| 6.308| 0.000
CAL 24 24 2019 3155 3.7%| 1.198| 1.957| 0.000

CAL TOTAL 53866 84.166 100.0% 33.862 45.696 4.6071

LDP 9 9 9 0.014| 0.02% 0.010| 0.004 0.000
LDP 11 11 8453 13.208| 22.8% 4.716| 4.751 3.741
LDP 12 12 6556 10.244| 17.7% 6.041 4.202 0.000
LDP 15 15 873 1.364 2.4% 0.372]  0.992 0.000
LDP 16 16 18008 28.137| 48.6% 5.539] 9.175| 13.423
LDP 17 17 2547 | 3.980 6.9% 2.206 1.774 0.000
LDP 20 20 619 0.967 1.7% 0.424| 0.525 0.018

LDP TOTAL 37065 57914 100.0% 19.308 21.424 17.182



the updated land cover areas are reflected only in the SCALP models. The following

provides specific information regarding the model input revisions.

HSPF Revisions

HSPF model input files to model impervious and grass (pervious) areas were created for
each of the 25 precipitation gages. There are also models for forest area for the 13 gages
that have forest area in their gage assignment area. The filenames IMPERVINP,
GRASS.INP and FORESTINP are used in each case. The gage assignments are
differentiated by storing the files in directories bearing the name listed in Table 2. In each
file, the TSS number indicating precipitation input was changed to the number given in
Table 2. The impervious area HSPF runs produce a single TSS output labeled IMPRO.
The grass and forest area HSPF runs produce two output TSS called OLFRO and SUBRO.
The EXTERNAL TARGETS references to these outputs in the HSPF inputs were changed
to the numbering shown in Table 2. In all, 63 HSPF input files were created and submitted
to the Corps.

SCALP Revisions

For diversion accounting, SCALP model inputs are arranged into 15 computer files. Eight
of these contain inputs for combined sewer areas. Only the combined sewer SCALP inputs
were revised in this study. The main model revisions are for the TSS file references that
specify the runoff inputs and applicable land area. The runoff input TSS file numbers are
given in the DATA block of the input, and the land areas used to compute total hourly
runoff volume are specified in the LANDS subblock of each SCA block. The required land
areas are the impervious and pervious land area within each gage assignment area in each
SCA. TSS numbering was according to the number given for IMPRO, OLFRO and
SUBRO time series in Table 2, and land areas were those given in Appendix G. The land

area for SUBRO unit runoff was taken to be the pervious land area. The revised SCALP

input files were delivered to the Corps on diskette.
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APPENDIX A

INDEX TO CAD DRAWING LEVELS






Filename: BORDERS2.DSN

Microstation AutoCAD

Level Layer Name Description

01 LIBERTYVILLE USGS Quad Border
02 WAUKEGAN USGS Quad Border
03 LAKE ZURICH USGS Quad Border
04 WHEELING USGS Quad Border
05 HIGHLAND PARK USGS Quad Border
06 STREAMWOOD USGS Quad Border
07 PALATINE USGS Quad Border
08 ARLINGTON HEIGHTS USGS Quad Border
09 PARK RIDGE USGS Quad Border
10 EVANSTON USGS Quad Border
11 ELMHURST USGS Quad Border
12 RIVER FOREST USGS Quad Border
13 CHICAGO LOOP USGS Quad Border
14 HINSDALE USGS Quad Border
15 BERWYN USGS Quad Border
16 ENGLEWOOD USGS Quad Border
17 JACKSON PARK USGS Quad Border
18 ROMEOVILLE USGS Quad Border
19 SAG BRIDGE USGS Quad Border
20 PALOS PARK USGS Quad Border
21 BLUE ISLAND USGS Quad Border
22 LAKE CALUMET USGS Quad Border
23 MOKENA USGS Quad Border
24 TINLEY PARK USGS Quad Border
25 HARVEY USGS Quad Border
26 CALUMET CITY USGS Quad Border
27 HIGHLAND USGS Quad Border
28 GARY USGS Quad Border
29 FRANKFORT USGS Quad Border
30 STEGER USGS Quad Border
31 DYER USGS Quad Border
32 ST. JOHN USGS Quad Border
33 BEECHER WEST USGS Quad Border
34 U.S ARMY BORDER

USCOE Standard Border and Title Block



Filename: OVERALL.DGN

‘Microstation AutoCAD

Level Layer Name Description

01 Arrowheads
02
03 AREA-SCA SCA Boundaries
04 TARP-DS Drop Shafts
05 TARP-CO Construction Shafts
06 AREA-DLM Diverted Lake Michigan Watershed Boundary
07 TARP-TUNN Tunnels
08 TARP-PS Pump Stations
09 TARP-STP Treatment Plants
10 MISC-FCRR Reservoirs (Flood Control)
11 TARP-RES Reservoirs (Overflow)
12 MSDG-ISEW  Interceptors
13 AREA-LDP Ungaged Watershed Boundary
14 TARP-CS Connecting Structures
15 TARP-AS Access Shafts
16 MSDG-TPB FPA Boundaries
17 AREA-NDA Obsolete (1975) SCA Boundaries
18 TARP-IS Intercepting Structures
19

63

Overall Border



Filename: GAGE.DGN

Microstation = AutoCAD
Level Layer Name
01 GAGES
02 GAGEDELIN
03 TRIANGLE

Filename: RIVERS.DGN

Microstation =~ AutoCAD
Level Color
01 WHITE, GREEN
02 WHITE
03 WHITE, MAGENTA
04 BLUE
05 WHITE

Description

Gage Locations
Delineations
Triangulation Lines

Description

Railroads

Airports
Miscellaneous
Rivers/Streams
Intermittent Streams






APPENDIX B

COORDINATE CONVERSION COMPUTER OUTPUT
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APPENDIX C

RAW LAND USE DATA IN ACRES AS MEASURED DIRECTLY
FROM THE 1"=400" SCALE AERIAL PHOTO OVERLAYS
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APPENDIX D

LAND USE AREAS IN ACRES
FOR EACH SCA AND UNGAGED PARTITION
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APPENDIX E

LAND COVER RESULTS
FOR EACH SCA AND UNGAGED PARTITION






ACRES

ACRES

ACRES

PERCENT

PERCENT | PERCENT
BASIN IMPERV. GRASS FOREST IMPERV. GRASS | FOREST
CA 2 413.02 304.98 0.00 57.52% 42.48% 0.00%
CA 5 112.73 88.27 0.00 56.08% 43.92% 0.00%
CA 6 359.80 321.20 0.00 52.83% 4717% 0.00%
CA 7 424.63 316.37 0.00 57.31% 42.69% 0.00%
CA 7M 408.41 250.59 0.00 61.97% 38.03% 0.00%
CA 7Q 2490.20 1572.80 0.00 61.29% 38.71% 0.00%
CA 7V 543.21 303.79 0.00 64.13% 35.87% 0.00%
CA 7W 1255.00 1242.00 0.00 50.26% 49.74% 0.00%
CA 8 392.67 354.33 0.00 52.57% 47.43% 0.00%
CA 9 120.93 82.07 0.00 59.57% 40.43% 0.00%
CA 10 3092.92 2346.08 0.00 56.87% 43.13% 0.00%
CA 11A 276.53 290.47 0.00 48.77% 51.23% 0.00%
CA 11B 465.90 378.10 0.00 55.20% 44.80% 0.00%
CA 12 1508.08 1113.92 0.00 57.52% 42.48% 0.00%
CA 13 2171.37 1554.63 0.00 58.28% 41.72% 0.00%
CA 14 132.77 54.23 0.00 71.00% 29.00% 0.00%
CA- 15A 438.17 521.83 0.00 45.64% 54.36% 0.00%
CA 158B 46.63 32.37 0.00 59.03% 40.97% 0.00%
CA 16 140.17 86.83 0.00 61.75% 38.25% 0.00%
CA 17 329.83 197.17 0.00 62.59% 37.41% 0.00%
CA 18 661.34 400.66 0.00 62.27% 37.73% 0.00%
CA 18E-A 1716.87 2191.13 0.00 43.93% 56.07% 0.00%
CA 18E-B 551.87 234.13 0.00 70.21% 29.79% 0.00%
CA 19 681.13 585.87 0.00 53.76% 46.24% 0.00%
CA 20 166.35 82.65 0.00 66.81% 33.19% 0.00%
CA 21 246.40 389.60 0.00 38.74% 61.26% 0.00%
CA 22 247.85 423.15 0.00 36.94% 63.06% 0.00%
CA 23 177.97 425.03 0.00 29.51% 70.49% 0.00%
CA 24 642.46 810.55 0.00 44.22% 55.78% 0.00%
CA 25 155.99 156.01 0.00 50.00% 50.00% 0.00%
CA 26 282.98 303.02 0.00 48.29% 51.71% 0.00%
CA 27 155.54 234.46 0.00 39.88% 60.12% 0.00%
CA 28 343.00 986.00 0.00 25.81% 74.19% 0.00%
CA 29 458.92 343.08 0.00 57.22% 42.78% 0.00%
CA 30 431.68 334.32 0.00 56.35% 43.65% 0.00%
CA 3 522.63 424.37 0.00 55.19% 44.81% 0.00%
CA 32 412.01 447.99 0.00 47.91% 52.09% 0.00%




ACRES ACRES ACRES PERCENT PERCENT | PERCENT |
BASIN IMPERV. GRASS FOREST IMPERV. GRASS | FOREST

CA 33 74.97 37.03 0.00 66.93% 33.07% 0.00%
CA 34A 973.63 616.37 0.00 61.23% 38.77% 0.00%
CA 34B 60.09 39.91 0.00 60.09% 39.91% 0.00%
CA 36 83.10 57.90 0.00 58.93% 41.07% 0.00%
CA 38 391.61 558.39 0.00 41.22% 58.78% 0.00%
CA 39 470.85 425.15 0.00 52.55% 47 .45% 0.00%
CA 40 672.65 534.35 0.00 55.73% 44.27% 0.00%
CA 41 290.86 174.14 0.00 62.55% 37.45% 0.00%
CA 42A 446.73 233.27 0.00 65.70% 34.30% 0.00%
CA 42B 318.90 257.10 0.00 55.36% 44.64% 0.00%
CA 43A 14.56 11.44 0.00 56.00% 44.00% 0.00%
CA 43B 29.32 14.68 0.00 66.64% 33.36% 0.00%
CA 44 49.81 20.19 0.00 71.16% 28.84% 0.00%
CA 45 99.72 57.28 0.00 63.51% 36.49% 0.00%
CA 46 204.20 138.80 0.00 59.53% 40.47% 0.00%
CA 47 35.47 18.53 0.00 65.69% 34.31% 0.00%
CA 48 244.28 104.72 0.00 69.99% 30.01% 0.00%
CA 49 184.60 82.40 0.00 69.14% 30.86% 0.00%
CA 50 86.77 44.23 0.00 66.24% 33.76% 0.00%
CA 51 586.48 42152 0.00 58.18% 41.82% 0.00%
CA 53 42,08 30.92 0.00 57.64% 42.36% 0.00%
CA 54 68.74 36.26 0.00 65.47% 34.53% 0.00%
CA 55 94.57 87.43 0.00 51.96% 48.04% 0.00%
CA 56 1182.24 911.76 0.00 56.46% © 43.54% 0.00%
CA 57 184.27 139.73 0.00 56.87% 43.13% 0.00%
CA 58 526.23 470.77 0.00 52.78% 47.22% 0.00%
CA 61 5.04 3.96 0.00 56.00% 44.00% 0.00%
CA 62 135.05 99.95 0.00 57.47% 42.53% 0.00%
DP 1 174.31 106.69 0.00 62.03% 37.97% 0.00%
DP 2A 40.32 31.68 0.00 56.00% 44.00% 0.00%
DP 2B 223.38 173.62 0.00 56.27% 43.73% 0.00%
DP 3 117.59 78.41 0.00 59.99% 40.01% 0.00%
DP 4 221.31 143.69 0.00 60.63% 39.37% 0.00%
DP 5 554.15 661.85 0.00 45.57% 54.43% 0.00%|
DP 6 405.24 299.76 0.00 57.48% 42.52% O OOi/o_
DP 7 498.08 456.92 0.00 52.15% 47.85% 0.00%|
DP 8 243.39 178.61 0.00 57.68% 42.32% 0.00%




ACRES ACRES ACRES “PERCENT | PERCENT | PERCENT
BASIN IMPERV. GRASS FOREST IMPERV. GRASS | FOREST
DP 9 428.11 321.89 0.00 57.08% 42.92% 0.00%
DP 10 86.24 67.76 0.00 56.00% 44.00% 0.00%
DP 11 543.63 406.37 0.00 57.22% 42.78% 0.00%
DP 12 143.49 66.51 0.00 68.33% 31.67% 0.00%
DP 13 97.54 57.46 0.00 62.93% 37.07% 0.00%
DP 14 313.70 190.30 0.00 62.24% 37.76% 0.00%
DP 15 226.78 160.22 0.00 58.60% 41.40% 0.00%
DP 16 80.66 64.34 0.00 55.63% 44.37% 0.00%
DP 17 A 80.45 94.55 0.00 45.97% 54.03% 0.00%
DP 178 251.26 189.74 0.00 56.98% 43.02% 0.00%
DP 18 149.07 103.93 0.00 58.92% 41.08% 0.00%
DP 19 747.67 531.33 0.00 58.46% 41.54% 0.00%
DP 20 128.99 36.01 0.00 78.17% 21.83% 0.00%
DP 21 423.92 245.08 0.00 63.37% 36.63% 0.00%
DP 22 24.64 19.36 0.00 56.00% 44.00% 0.00%
DP 23 163.63 147.37 0.00 52.62% 47.38% 0.00%
DP 24 43.12 33.88 0.00 56.00% 44.00% 0.00%
DP 25AB 70.30 39.70 0.00 63.91% 36.09% 0.00%
DP 26 187.90 181.10 0.00 50.92% 49.08% 0.00%
DP 27 179.52 144.48 0.00 55.41% 44.59% 0.00%
DP 28 200.25 111.75 0.00 64.18% 35.82% 0.00%
DP 29 81.30 62.70 0.00 56.46% 43.54% 0.00%
DP 30 193.88 141.12 0.00 57.88% 42.12% 0.00%
DP 31 190.18 143.82 0.00 56.94% 43.06% 0.00%
DP 32 94.01 65.99 0.00 58.75% 41.25% 0.00%
DP 33 242.18 209.82 0.00 53.58% 46.42% 0.00%
DP 34 289.35 202.66 0.00 58.81% 41.19% 0.00%
DP 35 157.36 123.64 0.00 56.00% 44.00% 0.00%
DP 36 127.66 131.34 0.00 49.29% 50.71% 0.00%
DP 37 62.72 49.28 0.00 56.00% 44.00% 0.00%
DP 38 405.14 294.86 0.00 57.88% 42.12% 0.00%
DP 39 148.40 116.60 0.00 56.00% 44.00% 0.00%
DP 40 73.36 57.64 0.00 56.00% 44.00% 0.00%
DP 41 183.57 233.43 0.00 44.02% 55.98% 0.00%
DP 42 40.92 63.08 0.00 39.35% 60.65% 0.00%
DP 43 103.63 118.37 0.00 46.68% 53.32% 0.00%
DP 44 73.25 106.75 0.00 35.39% 51.57% 0.00%




ACRES

ACRES ACRES PERCENT | PERCENT PERCENT
BASIN IMPERV. GRASS FOREST IMPERV. GRASS FOREST
DP 45 44.71 50.29 0.00 47.06% 52.94% 0.00%
DP 46 127.38 90.62 0.00 58.43% 41.57% 0.00%
DP 47 17.42 18.58 0.00 48.39% 51.61% 0.00%
DP 48 33.53 8.47 0.00 79.84% 20.16% 0.00%
DP 49 228.06 160.94 0.00 58.63% 41.37% 0.00%
DP 50 76.38 95.62 0.00 44.40% 55.60% 0.00%
DP 51 127.63 89.37 0.00 58.81% 41.19% 0.00%
DP 52 406.90 344.10 0.00 54.18% 45.82% 0.00%
DP 53 84.00 66.00 0.00 56.00% 44.00% 0.00%
DP 54 85.68 67.32 0.00 56.00% 44.00% 0.00%
DP 55 259.42 182.58 0.00 58.69% 41.31% 0.00%
DP 56 84.79 66.21 0.00 56.15% 43.85% 0.00%
DP 62 25.43 25.57 0.00 49.86% 50.14% 0.00%
DP 63 206.93 266.07 0.00 43.75% 56.25% 0.00%
DP 64 30.53 19.47 0.00 61.06% 38.94% 0.00%
DP 65 120.20 131.80 0.00 47.70% 52.30% 0.00%
DP 66 19.90 17.10 0.00 53.78% 46.22% 0.00%
M 1708.59 1210.41 0.00 58.53% 41.47% 0.00%
M 2 1780.31 1002.69 0.00 63.97% 36.03% 0.00%
M 3 707.82 380.18 0.00 65.06% 34.94% 0.00%
M 4 2429.24 1963.76 0.00 55.30% 44.70% 0.00%
M 5 1387.04 796.96 0.00 63.51% 36.49% 0.00%
M 6B 1991.78 1362.22 0.00 59.39% 40.61% 0.00%
M7 459.23 542.77 0.00 45.83% 54.17% 0.00%
M 8 574.15 470.85 0.00 54.94% 45.06% 0.00%
M 9 2974.33 2387.67 0.00 55.47% 44.53% 0.00%|
M 10A 1823.78 1285.22 0.00 58.66% 41.34% 0.00%
M 10B 850.97 614.03 0.00 58.09% 41.91% 0.00%
M 11 684.29 379.71 0.00 64.31% 35.69% 0.00%
M 12 135.69 83.31 0.00 61.96% 38.04% 0.00%
M 13 486.86 233.14 0.00 67.62% 32.38% 0.00%
M 14 427.26 263.74 0.00 61.83% 38.17% 0.00%
M 15 911.53 453.47 0.00 66.78% 33.22% 0.00%
M 16 3227.45 2188.55 0.00 59.59% 40.41% 0.00%
M 17 403.23 22277 0.00 64.41% 35.59% 0.00%
M 18 1286.35 820.65 0.00 61.05% 38.95% 0.00%
M 19 508.01 413.99 0.00 55.10% 44.90% 0.00%




ACRES ACRES ACRES PERCENT PERCENT | PERCENT |
BASIN IMPERV. GRASS . | FOREST IMPERV. GRASS FOREST

M 20 927.48 644.52 0.00 59.00% 41.00% 0.00%
M 21 814.38 295.62 0.00 73.37% 26.63% 0.00%
M 22 87.23 38.77 0.00 69.23% 30.77% 0.00%
M 23 937.53 808.47 0.00 53.70% 46.30% 0.00%
M 24 80.43 28.57 0.00 73.79% 26.21% 0.00%
M 25 236.50 1198.50 0.00 16.48% 83.52% 0.00%
M 27 454.79 322.21 0.00 58.53% 41.47% 0.00%
M 28 271.51 90.49 0.00 75.00% 25.00% 0.00%
M 29 578.20 267.80 0.00 68.35% 31.65% 0.00%
M 30 483.30 327.70 0.00 59.59% 40.41% 0.00%
M 31 293.98 44.02 0.00 86.97% 13.03% 0.00%
M 32 778.58 243.42 0.00 76.18% 23.82% 0.00%
M 33 304.92 87.08 0.00 77.79% 22.21% 0.00%
M 34 2218.85 1000.15 0.00 68.93% 31.07% 0.00%
M 35 741.75 270.25 0.00 73.30% 26.70% 0.00%
M 36 1561.61 833.39 0.00 65.20% 34.80% 0.00%
M 37 777.71 417.29 0.00 65.08% 34.92% 0.00%
M 38 192.20 75.80 0.00 71.72% 28.28% 0.00%
M 39 369.74 213.26 0.00 63.42% 36.58% 0.00%
M 40 8524.61 5727.39 0.00 59.81% 40.19% 0.00%
M 41 3233.89 1855.11 0.00 63.55% 36.45% 0.00%
M 42 817.02 546.98 0.00 59.90% 40.10% 0.00%
M 43 960.14 600.86 0.00 61.51% 38.49% 0.00%
M 44 '193.06 144.94 0.00 57.12% 42.88% 0.00%
M 45 629.52 347.48 0.00 64.43% 35.57% 0.00%
M 46 1670.32 963.68 0.00 63.41% 36.59% 0.00%
M 47 2077.43 1189.57 0.00 63.59% 36.41% 0.00%
M  48DP 699.84 333.16 0.00 67.75% 32.25% 0.00%
M 48 LM 5683.92 4057.08 0.00 65.27% 46.59% 0.00%
M 49A 926.85 476.15 0.00 66.06% 33.94% 0.00%
M 49 BDP 859.46 558.54 0.00 60.61% 39.39% 0.00%
M 49 BLM 1210.75 785.25 0.00 209.47% 135.86% 0.00%
M 50 3957.06 2520.94 0.00 61.08% 38.92% 0.00%
M 51 6684.81 4615.19 0.00 59.16% 40.84% 0.00%
M 52 2884.96 1565.04 0.00 64.83% 35.17% 0.00%
M 53 1379.06 1233.94 0.00 52.78% 47.22% 0.00%
M 55 652.26 335.74 0.00 66.02% 33.98% 0.00%




ACRES ACRES ACRES PERCENT PERCENT PERCENT

BASIN IMPERV. GRASS FOREST IMPERV. GRASS FOREST
M 55A 1484.30 586.70 0.00 71.67% 28.33% 0.00%
MN 1A 169.12 132.88 0.00 56.00% 44.00% 0.00%
MN 1B 669.37 746.63 0.00 47.27% 52.73% 0.00%
MN 1C 1031.89 736.11 0.00 58.36% 41.64% 0.00%
MN 1D 312.63 231.37 0.00| 57.47% 42.53% 0.00%
MN 1E 375.88 264.12 0.00 58.73% 41.27% 0.00%
MN 2A 106.00 159.00 0.00 40.00% 60.00% 0.00%
MN 28 346.92 322.08 0.00 51.86% 48.14% 0.00%
MN 2C 199.02 264.98 0.00 42.89% 57.11% 0.00%
MN 3 796.28 519.72 0.00 60.51% 39.49% 0.00%
MN 4 729.76 653.24 0.00 52.77% 47.23% 0.00%
MN 5 573.67 374.33 0.00 60.51% 39.49% 0.00%




APPENDIX E UNGAGED AREAS

ACRES ACRES ~ACRES "PERCENT | PERCENT | PERCENT |
BASIN IMPERV. GRASS FOREST IMPERV. GRASS FOREST

CAL 12 909.75 691.25 0.00 56.82% 43.18% 0.00%
CAL 16 506.38 1367.37 39.25 26.47% 71.48% 2.05%
CAL 17 6669.43 7906.04 1294.53 42.03% 49.82% 8.16%
CAL 18 404.37 798.63 0.00 33.61% 66.39% 0.00%
CAL 20 2107.01 3243.68 4.31 39.35% 60.57% 0.08%
CAL 21 6215.71 9948.85 1610.44 34.97% 55.97% 9.06%
CAL 22 4092.69 4037.31 0.00 50.34% 49.66% 0.00%
CAL 24 766.43 1252.57 0.00 37.96% 62.04% 0.00%
LDP 9 6.48 2.52 0.00 72.00% 28.00% 0.00%
LDP 11 3017.93 3040.85 2394.22 35.70% 35.97% 28.32%
LDP 12 3866.40 2689.60 0.00 58.98% 41.02% 0.00%
LDP 15 237.90 635.10 0.00 27.25% 72.75% 0.00%
LDP 16 3545.22 5872.14 8590.64 19.69% 32.61% 47.70%
LDP 17 1411.74 1135.26 0.00 55.43% 44.57% 0.00%
LDP 20 271.55 335.74 11.71] 43.87% 54.24% 1.89%







APPENDIXF

LAND COVER IN ACRES
FOR EACH GAGE ASSIGNMENT PARTITION
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APPENDIX G

LAND COVER IN SQUARE MILES
FOR EACH GAGE ASSIGNMENT PARTITION
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