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REPORT COMPOSITION

The survey report is divided into a Summary, and 9 Appendices. A
charge for each appendix and summary report to cover the cost of printing
will be required, should purchase be desired. The appendices each con-
tain a different category of information. Alphabetically identified,
the appendices are:

A. Background Information - This appendix includes the population
and industrial projections, wastewater flows and the engineering data
used as a basis for planning.

B. Basis of Design and Cost - This appendix contains the criteria and
rationale used to design and cost the final alternative wastewater treat-
ment system components.

C. Plan Formulation - The appendix presents the planning concepts
and procedures used in developing the alternative wastewater management
plans that were examined during the study.

D. Description and Cost of Alternatives - This appendix contains a
cost description and construction phasing analysis for each of the final
five regional wastewater management alternatives. Components of these
alternatives are described in detail in Appendix B.

E. Social - Environmental Evaluation - This report provides an
assessment of the social and environmental impacts likely to arise
from the implementation of the final five alternatives.

F. Institutional Considerations - This report presents an assessment
of the institutional impacts likely to arise from implementation of the
final five alternatives.

G. Valuation - This appendix presents a broad evaluation of the
implications and use potential inherent in the final five alternatives.

H. Public Involvement/Participation Program - This appendix documents
the program used to involve the public in the planning process.

I. Comments - This appendix contains all of the formal comments from
local, State and Federal entities as the result of their review of the
other appendices and the Summary Report. Also capsulized are the views
of citizens presented at public meetings.

The Summary document presents an overview of the entire study.
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PREFACE

Extensive background data was gathered and used as a starting base

in the development of the Chicago-South End of

Lake Michigan (C-SELM)

Wastewater Management Study. Much of the background data is summarized
in this appendix. During the course of the study, some data was refined.

These revisions are reflected in the design of

the final array of

altematives. Specifically, the appendix includes descriptions
of C-SEIM area and climatological conditions s land use, population and
industrial and wastewater flow projections; water management needs; area

Planning objectives; planning restrictions for
current and planned water management proposals.

water management; and
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APPENDIX A: BACKGROUND INFORMATION

SECTION I: LAND, CLIMATOLOGICAL-PHYSICAL AND BIOLOGICAL CONDITIONS
THE C-SEIM STUDY AREA

The C-SELM study area is regional by definition since it crosses
county and State boundaries. It encompasses the drainage basins of the
Chicago, Des Plaines, DuPage, Little Calumet and Grand Calumet Rivers and
the lands in Illinois and Indiana that drain into Lake Michigan, as shown
in Figure A-I-1. The area was specified in the Congressional authorization
for the C-SEIM study. Seven contiguous counties including Lake, Cook,
DuPage and Will Counties in Illinois, and Lake, Porter, and LaPorte Counties
in Indiana, are wholly or partly inside the study area. Nearly 90 townships
are included in the C-SEIM area with a 1970 population of approximately
7.1 million people.

TOPOGRAPHY - GEOLOGY

The C-SEIM study area lie®entirely within the Central Lowland
Physiographic Province. Except for a small area in the southwestemn
portion, the study area lies within the Great Lakes Section of the Province.
The Great Lakes Section is further subdivided into the Chicago Lake Plain
Subsection and the Wheaton Morainal County Subsection. The Chicago Lake
Plain Subsection extends from near LaGrange, I1linois, on the west, to
Winnetka, Illinois, on the north, and the Indiana border on the
south, sloping gently towards Lake Michigan on the east. It is a low
flat area interrupted by only a few low ridges. The Wheaton Morainal
County Subsection surrounds the Chicago Lake Plain Subsection to the west.
It is hilly, with broad ridges paralleling Lake Michigan, and contains
numerous lakes and swamps. A small portion of the Kankakee Plain Subsection
of the Till Plain Section in westem Will County, Illinois, encompasses
the remaining land in the study area (1) .

The surface character of the area resulted from past glacial activity.
Three glaciers covered the study area, each advancing and retreating a
number of times. The area is overlain with a glacial drift or till of an
extremely heterogeneous nature which varies in depth from 0 to 400 ft.
Bedrock outcroppings occur in portions of Will and Cook Counties. Figure A-
I-2 is a glacial map of the study area and contiguous counties.

DRAINAGE
The C-SEIM study area has a drainage area of 2,600 sq. mi. Drainage
is ultimately to the Illinois River via the Illinois Waterway System or to

Lake Michigan via a number of rivers and channels (Figure A-I-3). This
drainage is controlled by the generally flat topography of the area and is

A-1-1
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poorly defined in certain areas. About 70 sq. mi. along Lake Michigan
north of downtown Chicago (Chicago River drainage area) and about 290 sq.
mi. around and south of Lake Calumet (Calumet Rivers' drainage areas)
originally drained into Lake Michigan (2). However, flow was reversed and
diverted to the Illinois Waterway by construction of man-made canals,
notably the Sanitary and Ship Canal (in 1900) and the Cal-Sag Channel (in
1922). Other major tributaries to the Illinois River are the Des Plaines
River, and the DuPage River, which drain generally south. Major tributaries
to Lake Michigan are the Grand Calumet, and the Little Calumet Rivers.

CLIMATE

The climate in the C-SEIM study area is predominantly continental,
ranging from warm in the summer to relatively cold in the winter; however,
it 1s modified somewhat by its proximity to Lake Michigan. The average
annual temperature is S0°F. The average annual rainfall, measured at
the Central Weather Bureau Station at Midway Airport for 42 years, is
33.18 in. (3). Snowfall accounts for approximately one-half of the
winter precipitation and one-tenth of the total annual precipitation.
The maximum seasonal snowfall of record, 68.4 in., occurred during the
1967-68 season. Figure A-I1-4 shows the monthly distribution of precipitation.

BIOLOGICAL CONDITIONS
VEGETATIQN

The natural vegetation around the southwest end of Lake Michigan
suggests a transitional zone following a narrow band near the lake. A
modified form of the beech-maple forest is found in the more moist areas.
Oak-hickory forests are found in more open areas west of the beech-maple.

A transitional flora between these two forest types indicates maple-basswood
and maple-basswood-red oak forest (74).

A recent (1973) field investigation along the Little Calumet River
by Chicago District personnel showed a few areas in a natural state.
Natural vegetation was observed near Kennedy Avenue, Cline Avenue, Colfax
Street, and Burr Street. The majority of species were cottonwoods, poplars
and willow with occasional oak, maple and mulberry.

Wetland areas along various C-SEIM streams are predominated by
willow species. Cottonwoods and poplars are also prevalent. Various
grasses, forbs, cattails, arrowheads and nettles are common. High
water tables limit the vegetation in these areas to water tolerant species.*

FISHLIFE
Carp, catfish, green sunfish, and bullheads represent the most

prolific fish populations in C-SEIM streams (73). Recent (1970) fish sampling
data obtained from the [1linois Natural History Survey and the Museum of

x\“l S
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Natural History indicates that numerous smaller tributaries contain small
out good fisheries (75). Improvement of water quality should result in
tie reestablishment of desirable species, such as the smallmouth bass,
rock bass, varicus darter and stream typc minnow species.

[FRRESTRIAL FAUNA

The existing terrestrial fauna consist primarily of small mammal
and bird specics characteristic of urban and shore areas. Wildlife includes
a nunber of waterfowl, pheasant, quail and the usual assortment of urban
animals such as rabbits, squirrels, opossums and raccoons. Over 300
varieties of birds have been identified in the Indiana Dunes State Park
which is in the southeast part of the C-SEIM area.

Migratory soughirds may be found seasonally in the wooded areas,
while migratory waterfowl can be expected in Lake Michigan harbor and
shore arcas, as well as a few wetlands in the area. Table A-I-1 lists
common oirds of the area. The south Lake Michigan area records 200 species
of regularly occuring virds with 115 regularly breeding species (76).




TABLE A-I-1

THE BIRDS OF THE CHICAGO REGION
(LAKE MICHIGAN SHORELINE)

Pied-billed Grebe
Great Blue Heron
Black-crowned Night Heron
Mallard

Black Duck
Semipalmated Plover
Killdeer

American Golden Plover
Black-bellied Plover
Ruddy Turnstone

Common Snipe

Spotted Sandpiper
Solitary Sandpiper
Greater Yellowlegs
Lesser Yellowlegs
Pectoral Sandpiper
Baird's Sandpiper
Least Sandpiper
Dunlin

Short-billed Dowitcher
Semipalmated Sandpiper
Sanderling

Herring Gull
Ring-billed Gull
Forster's Tem

Common Tern

Black Tern

Mourning Dove

A-1-8

Chimey Swift

Belted Kingfisher
Horned Lark

Tree Swallow

Bank Swallow
Rough-winged Swallow
Barn Swallow

Purple Martin

Common Crow
Long-billed Marsh Wren
Short-billed Marsh Wren
Catbird

Starling

Myrtle Warbler
Black-throated Green Warbler
Palm Warbler
Yellowthroat

House Sparrow
Redwinged Blackbird
Brown-headed Cowbird
Common Grackle
Cardinal

Indigo Bunting
American Goldfinch
Slate-colored Junco
White-crowned Sparrow
White-throated Sparrow
Song Sparrow




TABLE A-I-1 {Cont'd)

THE BIRDS OF THE (HICAGO REGIQN
(URBAN AND SUBURBAN AREAS)

Sparrow Hawk

Killdeer

Herring Gull
Ring-billed Gull
Bonaparte's Gull

Rock Dove
Yellow-billed Cuckoo
Screech Owl

Chimney Swift
Ruby-throated Hummingbird
Yellow-shafted Flicker
Red-headed Woodpecker
Downy Woodpecker

Great Crested Flycatcher
Eastern Phoebe

Barn Swallow

Purple Martin
Black-capped Chickadee
Tufted Titmouse
White-breasted Nuthatch
Brown Creeper

House Wren

Catbird

Brown Thrasher

Robin

Wood Thrush

Hermit Thrush
Swainson's Thrush
Gray-cheeked Thrush
Veery

Golden-crowned Kinglet
Ruby-crowned Kinglet
Cedar Waxwing
Starling
Yellow-throated Vireo

A-1-9

Solitary Vireo
Red-eyed Vireo
Warbling Vireo
Black-and-white Warbler
Tennessee Warbler
Nashville Warbler
Yellow Warbler
Magnolia Warbler
Myrtle Warbler
Black-throated Green Warbler
Blackburnian Warbler
Chestnut-sided Warbler
Wilson's Warbler
Canada Warbler
American Redstart
House Sparrow
Baltimore Oriole
Common Grackle
Brown-headed Cowbird
Cardinal

Rose-breasted Grosbeak
Indigo Bunting

Purple Finch

American Goldfinch
Rufous-sided Towhee
Slate-colored Junco
Chipping Sparrow
White-crowned Sparrow
White-throated Sparrow
Fox Sparrow

Song Sparrow

Yellow Throat
Northern Waterthrush
Ovenbird

Blackpoll Warbler
Bay-breasted Warbler




SECTION IT: LAND USE
GENERAL

In order to get a view of the study area from a regional planner's
viewpoint, information was gleaned from recent planning papers prepared
by the Northeastem Illinois Planning Commission (NIPC) (4) and the
Lake-Porter County Regional Transportation and Planning Commission
(LPCRTPC) (5). Existing land-uses are specifically identified for restric-
ted categories. Projected uses are estimates based on known factors and
mathematical relationships. Land-use projection methods have been defined
in both the NIPC and LPCRTPC papers.

Regional planning philosophies emphasize that there is a strong
relationship between land use planning and water resource planning. The
relationship is most obvious in terms of the effect on water resources by
overland runoff from developed areas and other changes in natural drainage
pattems. During 1972, several streams in the C-SEIM area illustrated
flooding problems that were aggravated by runoff from developed areas.
Effective development planning can minimize the adverse impacts by
controlling environmentally incompatible land uses and assuring balanced
development.

PRESENT AND PROJECTED LAND USE--C-SELM COUNTIES

Three cat>gories have been used to distinguish between types of land
use. They are Residential, Regional Open Space, and Agricultural and Vacant
Land. Tables A-II-1, 2, and 3 give breakdowns in land use in acres.

LAND USE PLANNING

One of the principal concems involved in regional planning is the
location of private developments. The desired result is to guide private
developments in order to enable a greater accessibility between people
and opportunities within the region. Most people leaving their homes to
work, shop, recreate, go to school, to the doctor, or other reasons, are
concerned with the time and expense of travel. Therefore, NIPC and
LPCRTPC have expressed a need for logical, pattemed developments. NIPC
and LPCRTPC feel that developments should follow transportation corridors,
with open-space and recreational needs provided between the corridors (6)(7).

AWARENESS OF CORE CITY AND RURAL AREAS
The same principals of development presented in the previous paragrabh

which implicitly apply to suburban areas, should be applied to rural areas
and to the redevelopment of urban core areas.

A=11-1




ILLINOIS

City of Chicago
Suburban Cook County
DuPage County

Lake County

Will County

INDIANA

Lake County
Porter County

LaPorte County

* 1971 for Indiana

** Not available

TABLE A-1I-1

RESIDENTIAL LAND FORECASTS

FOR C-SELM COUNTIES

(acres)
Existing Forecast
1970% 1975 1985 1995
NA** 46,400 47,300 47,500
122,700 134,400 150,700 164,500
53,567 58,800 70,900 79,800
40,256 45,600 57,400 73,800
24,448 30,050 43,200 62,600
31,465 48,042 57,626 80,954
12,692 23,018 31,875 41,853
NA NA NA NA
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TABLE A-1I-2
REGIONAL OPEN SPACE FORECASTS
FOR C-SEIM COUNTIES

(acres)
Existing Forecast
ILLINOIS 1970% 1975 1985 1995
City of Chicago 10,750 32,200 60,000 60,000
Suburban Cook County 68,500 78,300 111,200 114,000
DuPage County 13,700 25,700 37,000 37,000
' Lake County 14,000 39,900 49,400 49,400
| Will County 10,500 27,000 42,500 42,500
INDIANA
Lake County 4,075 12,864 18,675 27,491
Porter County 1,491 3,718 12,762 28,992
LaPorte County NA** NA NA NA
* 1971 for Indiana
** Not available
A-11-3
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TABLE A-1I-3

AGRICULTURAL AND VACANT LAND FORECASTS

FOR C-SELM COUNTIES

(acres)

Existing Forecast
ILLINOIS 1970* 1975 1985 1995
City of Chicago 0 0 0 0
Swburban Cook County 155,900 112,600 00,200 35,200
DuPage County 111,000 83,100 01,000 52,300
Lake County 212,900 174,600 154,400 135,600
Will County 430,400 400,700 354,400 335,200
INDIANA
Lake County 234,201 205,174 179,590 138570
Porter County 233,461 223,235 199,504 169,562
LaPorte County NA NA** NA NA

* 1971 for Indiana

** Not available
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SECTION 3: POPULATION AND INDUSTRIAL PROJECTIONS--CORRELATION TO FLOWS

DEVELOPMENT OF SOCIO-ECONOMIC PROJECTIONS

The development of reliable socio-economic projections provides the basis
for viable wastewater management planning. Essential elements of these
projections are trends in the economic development of a community as re-
flected in or controlled by the land use patterns in an area. These
economic trends include the population and industrial growth of an area,
and hence the planning and construction of sewage treatment facilities to
meet the demands of this growth. Regional trends, such as the de-
centralization of economic activity and the rapid growth of suburban
population in close proximity to the areas of population saturation will
affect all local planning. It was therefore of utmost importance to
assess and evaluate these trends, and to incorporate them into a compre-
hensive plan for the C-SELM area.

Since the quantity of sewage to be removed and treated is partly dependent
upon the population and its per capita contribution to sewage, detailed
population studies were made to accurately predict these trends. Such an
analysis was made to predict flow quantities, a primary prerequisite to
design of treatment facilities. A projection of the trends in per capita
use by area was also made. Similarly, industrial trends in expected re-
cycle rates for the major water using industries were assessed.

The distribution of population in the C-SEIM area, as in any area, is
dependent upon an intermix of complex factors. These include the educa-
tional, occupational, and income characteristics of the population; the
land use and zoning patterns within each community; and the influence of
local regulations. For example, single family housing would tend towards
a lesser density than multiple family housing and thus require lesser size
of facilities per unit area. Similarly, the socio-economic structure of
a community as well as the population density is different for a community
with young families with children than for retired couples.

BASIS FOR EVALUATION

The selection of the projection methodology for future municipal and in-
dustrial loads is dependent upon the amounts and types of data available,
including, of course, the information on commumnities cited above. The
assessment of the study area's future wastewater loads thus necessitated
an evaluation and estimate of the socio-economic indicators of wastewater
production. Thus a methodology was developed to determine the future
estimates of the two principal indicators -- population and industry.
Wastewater resulting from stormwater runoff is a function of land use,
i.e. degree of urbanization, and is addressed in section IV of this appen-
dix.




The pattern of area growth was evaluated on a county basis and subsequently
disaggregated to townships and city of Chicago Zip Code zones. The disag-
gregated profile then served as a base for qualifying the intermix of the
quantity and type of both municipal and industrial wastewater loads. The
economic analysis thus served as a basis for determination of future munici-
pal and industrial flow-rates pursuant to selection of design criteria for
facilities, and projections of future needs for facilities.

In response to this need, population and industrial projections were devel-
oped for each decade from 1980 through 2020. Constraints on population and
industrial expansion, e.g. availability of land, current land use plans,
and transportation, were used to assess the limits on growth within each

of the 80 townships comprising the study area. The projections

are considered to be reasonable estimates of future conditions developed
from data current at the time of the analysis. llence, while the actual
future development may differ somewhat from the projections, the general
relationships are considered realistic. (Note that such projections usually
indicate a smooth line on a population vs. time curve, regardless of which
projection methodology is used; whereas actual (past) population curves do
not.)

MUNICIPAL PROJECTIONS

RELATIONSHIP WITH OTHER STUDIES

The basic population projections used for this study were a compilation
(and modification as required) of those prepared by other Federal, state,
and regional agencies. Lach of these selected agencies utilized the
county as the basic unit in allocating the expected socio-economic growth
and depicting trend patterns. The projection sources included the U. S.
Department of Commerce, Office of Business Economics (OBE); the State of
Indiana Department of Natural Resources (IDNR); and Northeastern Il1linois
Planning Commission (NIPC).

The OBE data, dated March 1971, was disaggregated from the larger Economic
Region -- that of the Great Lakes Basin planning subarea ''Southwest Lake
Michigan" -- by the North Central Division, U. S. Army Corps of Ingineers.
This was done as part of a (Type A) Regional Study for the Water Resources
Council (9). The OBE projection data was included to provide a regional
limit on the aggregation of projections prepared by various agencies and
local interests. The intent was to insure compatibility of the region to
the national economy by considering OBE's projections for all counties
collectively.

The State of Indiana projections and those of NIPC were updated in March
and July 1971, respectively, to incorporate the 1970 final census count.
The NIPC forecasts were made through the year 1995 whereas the projections
of OBE and Indiana extended to the year 2020. (Note that although LPCRTPC
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is an A-95 planning entity for the State of Indiana, the projections of
this agency were not utilized. This was because the 1970 census results
were not then available tfor this agency, and the fact that no common base
existed with the other studies.)

In developing the Chicago District projections and in resolving differences
between projections, the ''development corridor' concept by NIPC was used as
a tramework and is thus of particular note. The concept is that '"...most
new suburban growth will occur in development corridors consisting of land
with convenient access to adequate systems of mass transportation, water
supply, sewage disposal and other essential facilities and services.' Fur-
ther, "'Open lands such as major recreation parks, golf courses, cemeteries,
agricultural and large lot residential areas will be the predominant land
uses in the spaces between the development corridors.'" (16) According to
the concept, the most significant form of mass transportation in suburban
areas is the commuter rail service which has been long established and
helped shape the form of suburban areas. While other public services and
facilities can be extended to any part of the region, commuter rail service
is virtually fixed according to the present pattern of rail lines. For
this reason, the existing rail system has taken on a special significance
in defining the location of future development corridors along which both
municipalities and industry would grow. Since sewer access is considered
to be a critical factor in the regions developmental process, it follows
that extensions of public sewer systems should generally be confined to
those lands which have convenient access to existing or potential commuter
rail service. Figure A-III-1 shows the existing public transportation
system.

The methodology for development of the Corps projections, and the inherent
resolution of projection differences between agencies, is presented below.

BASIS FOR POPULATION PROJECTIONS

The population was projected by decade for the 86 townships and the city of
Chicago in the seven county study area (see Table A-III-1). Available pro-
jection data was revised as necessary to reflect more current information
and to reconcile projections prepared by several agencies. Three projection
regions were used for the city of Chicago. The boundaries conform to the
76 community areas developed for the Chicago community inventory bv the
University of Chicago (Figure A-II1-2). Countv projections by the State of
Indiana were accepted in their entirety [or Lake, Porter, and LaPorte Coun-
ties, and then disaggregated to the township level, as explained below.
Illinois county projections for Lake, Cook, DuPage, and Will Counties were
provided by NIPC and slightly adjusted.

In adjusting the NIPC forecasts, the projection methodology developed by
NIPC was utilized. NIPC projected population by decade for the four I11i-
nois counties by township by decade from 1975 through 1995. The methodology
entailed first forecasting the regional population and emplovment, and then
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alloceting to townships on the basis of the interrelationships of employ-
ment, population, availability of land, proximity to transportation
facilities, existing characteristics of the townships, and the policies
of the Comprehensive General Plan adopted by NIPC in 1967. (Where there
1s a significant conflict between policies of the Comprehensive Plan and
the existing location of population as determined by more current infor-
mation, the Chicago District projections reflect the actual population
data.) The effect of land use policies on population growth is expected
to become more pronounced in the latter projection periods. Thus future
population is expected to be more consistent with the Comprehensive Plan,
rather than reflect past trends in population growth.

The Chicago District coordinated closely with NIPC in extrapolating popu-
lation projections from 1995 to 2020, following the policies of the
Comprehensive Plan. Projections of OBE were used as an indication of the
relative agreement of the NIPC forecasts within the regional context. A
point of saturation of the population density was reached before the year
2020 in Cook and DuPage Counties. Thereafter, no further growth was
projected. A generalized growth curve was extrapolated graphically
through 2020 for Lake and Will Counties. These county projections were
then disaggregated to townships from 1980 through 2020. The NIPC methodo-
logy developed for the 1975 to 1995 forecasts were utilized to make this
distribution.

A similar analysis was done for each township in the four counties. Those
townships that would not reach population saturation by 2020 were extra-
polated graphically from the NIPC forecasts to the year 2020. NIPC
determined the population, and where applicable the saturation population,
for each township and the city of Chicago by using such indicators as
trends in immigration and emigration; existing and trends in land use,
local zoning ordinances and available open space; the type of predominant
housing, e.g. high density apartment complexes vs. low density single
family housing; and the socio-economic status of communities and its resi-
dents within each township. The townships were then aggregated to the
county level and the results compared to the county totals. The township
totals were then adjusted so that the sum of township populations would not
exceed the total county population established previously. The results of
the population projections are shown in Figure A-1I1-3 and Table A-III-1
which compares the Chicago District projections with the NIPC and OBE pro-
jections. The figure illustrates the projections and differences in
projections of the selected agencies and the Chicago District, as applied
to the counties within the study area for the two key time frames of 1990
and 2020. Differences between the NIPC and Chicago District projections
are attributable to two factors. First, since the NIPC forecasts were for
the years 1975, 1985, and 1995, mean values were detemined between these
years to reflect the study time frame of 1980, 1990, etc. Second, the
NIPC forecasts resulted in several points of inflection when graphed, indi
cating a fluctuating rate of population growth and decline. The Chicago
District projections changed these values to obtain smooth transitions from
one decade to the next. This '"smoothing' illustrates the fact that the
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TABLE A-TII-1
COMPARISON OF COUNTY POPULATION PROJECTIONS
(thousands)
1990 2020
NCC OBE NIPC IND NCC OBE NIPC IND

Cook 6,281 6,563 6,718 - 6,768 8,151 - -
DuPage 925 731 945 - 1,374 1,254 - -
Lake 709 573 705 - 1,132 940 - -
Will 520 379 513 - 1,047 575 - -
Subtotal,

[1linois

Portion 8,435 8,246 8,881 - 10,321 10,920 - -
Lake 688 732 - 688 920 1,003 - 920
LaPorte 132 135 - 142 196 176 - 196
Porter 201 183 = 201 530 402 - 530
Subtotal

Indiana

Portion 1,021 1,050 - 1,031 1,640 1,581 - 1,646
Total 7 County

Area 9,456 9,296 - = 115,967 125500 = =

N/A - Not Available
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accuracy of population projections decreases dramatically with increasing
years. Hence peaks and valleys would indicate a level of accuracy
inconsistent with the actual degree of accuracy. Thus a rounding off was
performed to develop a smooth curve indicative of general trends in
population growth but not of exact numbers.

The IDNR projected population by county by decade to the year 2020 as part
of their water resources program (11). For the preliminary analysis, the
Department relied on a 1966 study by the Bureau of Business Research at
Indiana University (15). Due to the relatively lower out-migration esti-
mates for Indiana prepared subsequent to the Indiana University study by
the Indiana State Board of Health and the Bureau of Census, the forecast
by Indiana University was modified by the IDNR. The IDNR first prepared
a state projection which was disaggregated to nine economic subareas for
water resource planning. Each subarea was comprised of several counties.
The method of disaggregation used entailed weighing the 1930 share of the
subarea a&d the 1960 share to obtain the 1990 share according to the
fornula b“/a=c, where a, b, and c are the percent of State population in
the subarea in the years 1930, 1960, and 1990, respectively. The same
methodology was then used to extrapolate to 2020, weighing the 1990 share
more heavily than the 1960 share. The projections were originally com-
pleted in 1968 and then adjusted to reflect the results of the 1970 census
by modifying the State totals by the ratio of the 1970 census to the 1970
projections. The projections for the nine subareas were then recomputed,
using the relative shares of 1930 and 1970 as base years. The subsequent
disaggregation of population from subareas to counties thus reflect the
1970 census.

The disaggregation from the county to its townships for Lake and Porter
counties was accomplished by using data developed by LPCRTPC (5). The
Commission projected population by townships for 1975, 1985, and 1995.
The township projections were extrapolated graphically to 2020 by assum-
ing that trends during the 1975 to 1995 decades would continue. The
relative share of the county for each township was then calculated for
each decade. These percentages were then applied to the total county
population figures developed by the IDNR to obtain the figures shown in
Table A-III-2. The Commission analysis considered birth rates, death
rates, and migration estimates for each township. However, the results
of the 1970 census were unavailable at that time. The Commission's
county distribution to townships were considered the best available,
whereas the State's county projections were more realistic since the
figures reflected the 1970 census results.

HISTORICAL TRENDS AND GROWTH PRQJECTIONS

The apex of activity and the economic pacesetter in the metropolitan
Chicago area is the city proper. Since its chartering in 1837, the city
has experienced astounding physical as well as economic growth. Chicago's
population increased from 30,000 in 1850 to 300,000 in 1870, a 1,000
percent increase. By the turm of the century the city's population had
passed 1,000,000 and was over the 3,000,000 mark by 1930.

L Gl I,




Cook County,

TABLE A-III-2

Illinois

Population (1000's)

Townships 1950 1960 1970 1980 1990 2000 2010 2020
Berwyn-Cicero-
Oak Park 182 184 182 185 185 185 185 185
Bloom 41 71 S5 L7 140 154 161 165
Bremen 25 55 94 134 190 226 287 240
Calumet 12 19 24 26 28 31 33 35
Chicago City
North 1019 1024 1014 1014 1014 1022 1030 1038
Chicago City
Central 2251 2131 1921 1835 1835 1843 1851 1859
Chicago City
South 352 397 431 451 451 460 469 478
Elk Grove 6 28 80 LS L2 Pt 122 11§45
Evanston 74 79 80 82 84 86 88 90
Lemont 5 7 8 1S 28 40 43 46
Leyden-Norwood 124 146 161 168 173
Park 31 31 S 3il 31
64 112 131 1S5 177 192 199 204
Lyons 52 82 101 2 135 143 147 149
Maine 39 95 140 178 186 194 199 201
New Trier 42 60 65 66 66 66 66 6H6
Niles 25 96 1A e H g IS [ Hlo 135 185 135
Northtield 17 44 66 96 15 120 120 120
Orland 2 7 1S 36 72 88 96 99
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TABLE A-III-2 (Cont'd)

Cook County, Illinois (Cont.)

(1000's)
Townships 1950 1960 1970 1980 1990 2000 _ 2010 2020
Palatine 8 31 55 81 109 133 133 133
Palos 6 18 33 49 57 62 64 66
Proviso-River ,
Forest-Riverside 123 191 205 205 205 205 205 205 |
Rich | 9 35 45 68 97 116 116 116
Schaumberg 1 11 51 76 106 124 124 124
Stickney 11 31 42 54 64 72 75 77
Thornton 77 138 188 215 250 250 250 250
Wheeling 17 59 119 147 159 166 173 176
Worth 42 108 156 172 186 196 202 204
C-SELM Total 4502 5113 5452 5817 6183 6426 6523 6588
Barrington 4 5 8 11 17 25 28 30
Hanover 4 11 34 50 76 Tl 141 150
County Total 4510 5129 5494 5878 6281 6563 6692 6768
A-111-11
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TABLE A-III-2 (Cont'd)
DuPage County, Illinois

Population (1000's)

Townships 1950 1960 1970 1980 1990 2000 2010 2020
Addison 18 42 72 120 158 183 195 200
Bloomingdale 4 5 37 59 86 1213 132 140
Downers Grove 36 67 93 122 137 144 150 154
Lisle 11 2 49 7A5 100 126 142 150 1
Milton 26 Dl 76 103 150 181 195 200
Naperville (part) 5 8 10 20 85 60 80 90
Wayne (part) 2 3 4 12 20 40 61 65
Winfield 10 16 23 34 52 72 100 115
York 43 90 125 161 165 165 165 165
C-SELM Total 155 313 489 706 903 1084 1220 ¥279
Naperville (part) 0 0 8 8 15 29 47 65
Wayne (part) 0 0 1 2 7 12 23 30
County Total 553 313 493 716 925 1125 1290 1374
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TABLE A-III-2 (Cont'd)
Lake County, Illinois

Population (1000's)

Townships 1950 1960 1970 1980 1990 2000 2010 2020
Antioch (part) 1 3 4 5 7 10 11 12
Avon (part) 4 7 8 12 15 22 31 40
Benton-Zion 15 22 31 43 53 65 76 88

Deerfield-West

Deerfield 29 50 64 93 125 140 150 150
Ela (part) 2 4 6 9 13 19 25 31
Fremont (part) 1 3 4 6 9 13 17 22
Lake Villa (part) 2 4 6 7 8 11 16 22
Libertyville 10 19 26 40 72 102 119 129
Newport 2 2 3 5 9 11 15 20
Shields 29 41 55 68 80 85 85 85
Vernon 3 7 13 22 39 51 57 60
! Warren 4 10 16 25 35 44 52 56
Waukegan 51 70 77 99 115 120 125 125
C-SELM Total 153 242 313 434 580 693 779 840
Antioch (part) 4 6 8 9 10 10 12 13
Avon (part) 5 10 12 16 22 29 39 55
Cuba 4 6 9 14 28 33 42 49
Ela (part) 2 4 6 9 13 18 24 30
Fremont (part) 2 5 8 12 17 24 33 42
A-TI1-13
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TABLE A-III~-2 (Cont'd)
Lake County, Illinois (Cont.)

(1000's) s
Townships 1950 © 19600 1 197000 1980. 1990 2000 2030 2020
Grant 5 9 11 lo 21 30 43 60
Lake Villa (part) 1 4 6 7 8 11 15 21
Wauconda 3 7 10 13 15 18 20 22
County Total 179 293 383 530 709 866 1007 1132
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TABLE A-III-2 (Cont'd)

Will County, Illinois

Population (1000's)

Townships 1950 1960 1970 1980 1990 2000 2010 2020
Channahon 1 2 3 4 5 6 7 9
Crete (part) 4 10 13 17 22 28 34 40
DuPage 1 5 20 33 48 62 77 92
Frankfort 3 6 9 18 32 46 S5 62
Green Garden (part) 0 0 0 0 1 1 2 3
Homer 1 4 7 15 28 46 67 90
Jackson (part) 1 1 2 2 3 4 6 8
Joliet 77 94 96 107 130 157 176 190
Lockport 17 27 33 40 58 74 89 104
Manhattan (part) 0 0 0 1 2 3 3 4
Monee (part) 1 3 4 35 45 60 73 85
New Lenox 3 6 10 16 26 40 55 70
Plainfield 4 i 11 16 24 38 50 60
Troy 1 3 12 19 31 45 62 80
Wheatfield 1 1 2 5 11 17 25 35
C-SELM Total 115 173 227 328 406 627 781 932
Crete (part) 2 2 2 2 2 2 1 1
Florence )| 1 1 2 3 4 5 6
Green Garden (part) 1 1 1 2 4 5 10 12
Jackson (part) 0 0 0 1 1 2 2 2




TABLE A-III-2 (Cont'd)

Will County, Illinois (Cont.)
(1000's)
Townships 1950 1960 1970 1980 1990 2000 2010 2020
Manhattan (part) 1 2 2 2 3 4 6 7
Monee 1 2 3 5 7 8 11 15
Peotone 2 2 3 4 6 10 15 20
Reed 2 2 3 4 S 6 7 8
Washington 2 2 3 4 5 6 9 12
Wesley-Custer 1 2 3 4 5 6 7 8
Will 1 1 1 2 3 4 5 6
Willmington 4 5 5 6 7 9 10 152
Wilton 1 1 1 2 3 4 5 6
County Total 134 192 250 368 520 697 874 1047
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TABLE A-III-2 (Cont'd)
lLake County, Indiana

Population (1000's)

Townships 1950 1960 1970 1980 1990 2000 2010 2020
Calumet 150 211 216 220 226 236 245 256
Center (part) 10 15 19 30 35 45 51 60
Hobart 22 39 41 52 64 72 81 90
North 162 204 203
Ross 7 15 29
St. John (part) 5 10 15
Winfield (part) 1 1 1
C-SELM Total 357 495 524
Cedar Creek 4 5 6
Center (part) 1 2 3
Eagle Creek 1 1 1
Hanover 3 6 7
St. John (part) 1 2 2
West Creek 2 2 3
Winfield (part) 0 0 0
County Total 369 513 546
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TABLE A-III-2 (Cont'd)

[.aPorte County, [ndiana
Population (1000's)
Townships 1950 1960 1970 1980 _ 1990 _ 2000 2010 _ 2020
Center (part) ! 13 13 15 17 20 22 25
Cool Spring 3 5 11 1'7 248 28 34 40
Michigan 32 39 40 41 42 43 44 45
New Durham (part) 1 2 ] 2 3 3 4 5
Springfield (part) 1 2 2 3 4 5 6 7
C-SELM Total 48 6l 67 /78 89 99 110 2K
Cass 1 ] 1 1 ! 2 2 2
Center (part) il 11 11 11 1) 11 1] 10
Clinton 1 1 1 | | 2 2 2
Dewey 1 1 1 1 1 2 0 2
Galena 1 1 1 1 2 3 4 5
Hanna 1 1 1 ] 1 2 2 2
Hudson 1 2 2 2 3 4 5 6
Johnson ® * i 2 5 1 ] ]
Kankakee 2 2 3 3 3 4 ] §
Lincoln I 1 2 2 2 & 3 4
New Durham (part) ] 3 3 4 5 6 7 8
Noble ] I 1 1 1 2 2 2
Pleasant 1 2 2 2 2 3 3 1
Prairie Gy . ‘ * g 1 1 1
A-111-18




TABLE A-III-2 (Cont'd)

lalorte County, Indiana (Cont.)

(1000's)
Townships 1950 19601970 1980 _ 1990 2000 2010 _ 2020
Scripo 1 2 2 2 2 3 3 4
| Springfield (part) 1 1 2 3 4 5 6 7
i Union 2 2 2 2 2 3 3 4
Washington 1 1 1 1 1 2 2 2
Wills 1 1 1 1 1 2 2 2
r County 77 95 104 AL 1132 160 176 196
2
4
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A new phenomencn has become established since World War I! in the county
and in the Metropolitan Chicago area, that of suburbanization. Although
the city has steadily lost population after reaching a peak in 1950 with
3,620,000 people, the metropolitan area population has continued to in-
crease. Chicago's 1970 population sustained a further loss to 3,367,000
while the total metropolitan area population increased. The C-SEIM study
area had a 1970 population of some 7 million people. The population of
the C-SEIM area is expected to grow to 11.0 million in 2020 (see Figure
A-1I1-4).

Cook County

Cook is the most densely populated and heavily urbanized county in the
study area with 5,757 people per square mile in 1970. (See Figure A-III-5
for county population density, and Figure A-I111-6 for township population
density.) The county accounted for 90 percent of the total study area
population in 1970. Although Cook County experienced the least growth of
all study area counties during the past two decades (14 percent from 1950
to 1960 and 7 percent from 1960 to 1970), it nevertheless contributed over
one half (984,000) of the real population growth. All growth for the past
two decades has been in Chicago suburbs, while the city itself lost
population (250,000 people) during this period. There are more than 65
municipalities in Cook County with populations exceeding 10,000. Other
than the city of Chicago, the largest are Evanston (79,808), Skokie (68,627),
Cicero (67,058), Arlington Heights (64,884), and Oak Park (62,511). Table
A-1I1-3 shows the trends in population growth of the counties and the
percent increases by decade. The total county population is expected to
grow from 5.5 million in 1970 to 6.8 million in 2020, a 24 percent increase.
Excluding two townships outside of the C-SELM boundaries, Barrington and
Hanover, the county population growth is projected to reach 6.6 million in
2020, a 21 percent increase from 5.5 million in 1970 (Table A-III1-2). The
city of Chicago is expected to continue to lose population until 1980,
remain unchanged to 1990, and then increase at 25,000 per decade to 2020.
Older established communities in Cook County, for example Leyden, Norwood
Park and Evanston townships immediately surrounding the central city, are
expected to grow through 2020, but at decreasing rates as available land
is exausted. The outer suburbs, particularly those in the northem and
southern portion of the county, are expected to continue the rapid growth
exhibited during the past decade.

UuPagc County

Before World War II the county was devoted primarily to agriculture. The
municipalities then existing were either part of a fam economv or were
small rail commuter suburbs. The post-war suburban expansion of metropo
litan areas, with single-family homes and private automobiles becoming the
new standard way of life, made possible a scattered intermixing of sub
divisions, shopping centers, and farm lands.
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POPULATION DENSITY (1970)
COUNTIES IN C-SELM STUDY AREA

FIGURE A-IIO-5
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TABLE A-III-3

TREND IN POPULATION GROWTH

County Populations for Study Area*

Population
1950 1960 1970

Counties
ILLINOIS

Cook 4,510 5,129 5,494

DuPage 155 313 493

Lake 179 293 383

Will 135 192 250
INDIANA

Lake 369 513 546

LaPorte 77 95 104

Porter 41 60 86
TOTAL ALL

COUNTIES 5,466 6,595 7,356

*Population is for entire county.
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With a 50 percent population increase from 1950 to 1960 (155,000 to
313,000), and a 57 percent increase in population from 1960 to 1970
(313,0C0 to 493,000), DuPage continues to be the fastest growing county in
the State of Illinois. The availability of inexpensive agricultural

land, the growth in job opportunities and the existing transportation
network (three commuter rails cross the county) enabled the county to
increase at this phenonomenal rate.

Ten communities had a population greater than 10,000 in 1970. The
largest are Elmhurst (50,547), Lombard (35,977), and Downers Grove
(32,751). Population density was 1,486 people per square mile, with
much of the land still classitied as agricultural or vacant.

Population growth in DuPage County is forecast to grow from 493,000 in
1870 to 1,374,000 by 2020, a 179 percent increase. The portion of the
county within the C-SEIM area during this period will grow by 162 per-
cent from 489,000 to 1,279,000 (Table A-III-1). Most of the growth is
expected to take place in townships which have sufficient undeveloped
lands, good access to the transportation networks servicing the county
and/or are experiencing expansion in their industrial base.

Lake County, Illinois

Lake County also experienced substantial population growth, more than
doubling from 179,000 to 383,000 from 1950 to 1970. The growth amounted
to 64 percent from 1950 to 1960 and 30 percent from 1960 to 1970. Wauke-
gan (65,269), the major city in the county, accounted for over 16 percent
of the total county population in 1970. The other major concentrations
of population are the cities of North Chicago (47,275) and Highland Park
(32,263). Population density for this entire county was 837 people per
square mile in 1970. Large portions of vacant land, primarily agricul-
tural, remain.

The C-SEIM portion of Lake County is forecast to grow from 313,000 in
1970 to 840,000 by 2020. The entire county is expected to grow {rom
383,000 in 1970 to 1,132,000 by 2020. Four townships (Deerfield, West
Deerfield, Shields and Waukegan) are expected to reach population satu-
ration before 2020. These townships have excellent transportation
facilities and are adjacent to Lake Michigan. Although much land 1s
available in the northern part of the county, the transportation service
(Figure A-T1I1I-1) is inadequate; therefore the northem townships are not
expected to experience rates of growth as high as the southem area.

Will, although the least populous of the four Illinois counties in the
study area, is the seventh largest county in Illinois. Will County

nearly doubled in population from 1950 to 1970,1increasing from 135,000
to 250,000. This resulted from a 42 percent increase from 1950 to 1960
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and a 30 percent increase from 1960 to 1970. As one of the largest and
most rural of the C-SEIM counties, much of the land remains vacant. The
principal city of Joliet (80,328) accounted for over 32 percent of the
total population in 1970. Population density for the county was 295
people per square mile in 1970.

The portion of Will County within the study area is expected to quadruple
in population from 1970 to 2020, increasing from 227,000 to 932,000. The
county as a whole is expected to grow to 1,047,000 by 2020 from 250,000

in 1970. This rural county will continue to be dominated albeit much less
by Joliet Township with a population of 96,000 in 1970 and 190,000 by 2020.
The tier of townships adjacent to Cook County and those with commuter
service to Chicago will grow most rapidly. The distance from Chicago and
the lack of transportation facilities will restrain the growth in the re-
maining townships.

Lake County, Indiana

Lake County's population increased from 369,000 in 1950 to 546,000 in 1970.
The increase of 39 percent from 1950 to 1960 fell to 6 percent from 1960
to 1970. The population is concentrated in the northem portion of the
county in the cities of Gary (175,415), Hammond (107,790), and East Chicago
(46,982). Together these cities account for over 60 percent of the total
population of the county. Although the density exceeded 1,000 per square

| mile in 1970, this figure is misleadingly low since almost all of the popu-
lation is concentrated along the lake shore in the northern portion of the
county. This leaves most of the vacant land in the southern portion of
the county which is outside the study area.

Historically, the most rapid expansion has been along the shore of lLake
Michigan. In recent years, however, the industrial and residential growth

E has spread south and east. Ninety-eight percent of the county's popula-
tion is included in the study area. The C-SELM portion of Lake County is
projected to increase from 524,000 people in 1970 to 815,000 by 2020. The
entire county's population is only expected to grow from 546,000 to 920,000
during this same period. The extensive steel and petro-chemical complexes
in the northern part of the county support a large population. The con-
centration of industry together with the scarcity of land for residential
development has slowed this area's growth. Therefore, the northern town-
ships are expected to grow only moderately throughout the projection period.
The townships of Hobart, Ross and St. John, due south of the northem dense-
ly populated townships, will receive the spillover from the north growing
at a slightly higher rate than the remaining townships.

LaPorte County

LaPorte County's population grew from 77,000 in 1950 to 104,000 in 1970,
The increase of 23 percent from 1950 to 1960 had declined to 11 percent
from 1960 to 1970. The two major cities of LaPorte (22,140) and Michigan
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City (39,369) accounted for slightly less than 60 percent of the county's
1970 population. Most of the population is concentrated in the northern
section of the county. The northwestem portion of the county has the
greatest population density. The population density of 173 people per
square mile in 1970, however, is the lowest of all the counties in the
study area.

The portions of the five laPorte County townships within the study area
are expected to grow in population from 67,000 in 1970 to 122,000 by 2020,
an 82 percent increase. The entire county during this same period is
projected to increase by 92,000 people from 104,000 in 1970 to 196,000 in
2020. The population in the study area portion of the county in 1970 (78
percent) will fall to 62 percent by 2020 as the most populous township,
Michigan, approaches saturation since limited land is available for devel-
opment.

Porter County

Porter County doubled in population from 41,000 in 1950 to 86,000 in 1970.
The decade growth rates are almost uniform at 46 percent from 1950 to 1960
to 45 percent from 1960 to 1970. Valparaiso (20,020), Portage (19,127)
and Chesterton (6,177) are the largest communities in the county. Density
for the entire county is quite low--184 people per square mile in 1970.
However, the highest densities occur in the northem portion of the county,
within the study area.

Parts of seven townships comprise the C-SEIM area within Porter County.
This area is projected to increase by 579 percent during the next five
decades growing from 75,000 people in 1970 to 434,000 in 2020. The rap-
idly developing industrial complex along with the Indiana Dunes National
Lakeshore in the townships adjacent to Lake Michigan (Pine, Portage and
Westchester) are expected to attract the largest portion of the county's
future population.

While much of the growth is expected in the northern part of the county,
centrally located Valparaiso will continue to grow. Two opposing forces
in the northern part of the county are in evidence. The Indiana Dunes
National Lakeshore will take substantial land out of potential residen-
tial use. However, the steel mills established in the northem part of
the county will contribute to the projected population expansion in this
area. Growth along the shore of Lake Michigan in Portage Township, east
of Gary, is expected to be substantial, responding to growth in the local
Portage steel industry. The remaining parts of the county are expected
to have a moderate rate of growth.




MUNICIPAL FLOW PROJECTIONS

Four basic assumptions were utilized in developing the municipal flow
projections. It was assumed that:

(1) Areas with a projected population density greater than 2,000
persons/sq. mi. were assumed to be completely served by public sewers.
For those townships with a density less than 2,000 persons/sq. mi.,

a serviced population was based on land use and development trends
within each particular township.

(2) The total per capita daily domestic flow [(including commercial
usage and infiltration) for the city of Chicago and other established
central cities would increase at the rate of 0.5 gallons per year
from the base year 1990 through 2020.

(3) The total per capita daily domestic flow (including commercial
usage and infiltration) for the remaining suburban townships would
increase at the rate of 0.8 gallons per year during the study period.

(4) The maintenance and repair of collection systems in both areas
would ensure that the present infiltration (including combined sewer
flows) unit flow rate gallons/capita/day (gpcd) would remain constant
throughout the study period.

METHODOLOGY

Using the total populations discussed above, an estimate of population
served by public sewers was made for each township in the C-SEIM area
for the years 1980, 1990, 2000 and 2020. The criterion chosen for serv-
ing a population was a population density of 2,000 persons/sq. mi. or
greater as used in the NIPC Wastewater Study (8) and which approximates
U. S. Public Health Service '‘rule of thumb' criteria for environmental
planning. The densities for each township in 1980, 1990, 2000, 2020
were then calculated. Populations projected to be served by public
sewers in 1980, 1990, 2000 and 2020 are shown for each township in Table
A-III-4. Table A-I1I-5 presents this same information by management
watershed, the format used in designing facilities. Figure A-111-7
1llustrates these serviced areas.

Domestic wastewater flows (including commercial usage and infiltration)
for each township in the C-SEIM area were computed for the vears 1980,
1990, 2000 and 2020 using unit flow projection curves shown in Figure
A-111-8. The unit flows are expressed in units of gpcd which when multi-
plied by the served populations in Table A-1I1-6 yield the daily domestic
flows in gallons/day which are then converted to million gallons per dav
(MGD) .
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TABLE A-III-5

C-SELM WASTEWATER FLOWS 1980-2020
BY MANAGEMENT WATERSHEDS

I Total Population q Municipal Industrial ta
IILEF: 000's ___Served (1,000's = ﬂ_oi ?_OE Elow (MCD) _Fiow
Management Wartershed 1980 _oac 2000 1980 | 1990 2000|2020 J.JJ\ 2000 | 2020 19R0 1990 | 01 e
4 T
| Lake Michizan - North 157.2 _?; | 20s.s A, 229.9 w 150.8 | 185.0 _ 205.5 | 229.9 7 | 29.7 | B 1 g1 | 8.4 20 3.8
North Branch Chicago Kiver 236.5 | 284.0 304, 7 4.4 | 23R.5 | 286.0 314.4 6 | 41.3 | 72 | 7 5.2 2 43. K
DesPlaines River - North 350.0 | 456.9 | 549.1 | 670.0 [ [ 419.3 037.0 4 (1S U A PR (T 5
Chicago Tributary 4174.7 | 4219.1 ,, 42661 | 43411 | 42190, | ‘ 42661 | 43411 20 720.9 | 723.4 | 738.4 7 53,6
DesPlaines - Middle 352,0 385.9 | 4l10,6 | 430, 9 # 385,9 410.6 | 430,9 | 4.3 50. ) 52.2 BR. & 9.2
Salt Creek 368.0 | 443.6 # 495.6 515.5 { 4436 | 4956 515.5 | 2 14.5 _, 16.7 19,4 55.2 T0.4
East Branch DuPage River 207.6 | 267.7 | 317.4 | 364.3 | 264.5 , 315.7 | 364.3 (] 3t 3.k 4.5 “ 36, 4
West Branch DuPage River 180.9 | 267.5 | 361.4 | 473.4 | 258.5 | 361.4 | 473.4 9 4.1 d 5.4 (R 36.8
Main Stem DuPage River 78.1 | 123.2 290.3 93.0 | 152.0 | 278.8 5.7 | 8.9 [ 7.7 6.6 k.2 20. %
San-Ship Canal - North 245.9 283.8 | 315.2 361. 1 278.3 312. 4 3Ci. 1 5 j 22 214 33.1 57. €
Cal-Sag Channel - North 178.8 | 200.1 | 215.4 | 226.6 200.1 | 215.4 | 226.6 1 , R 33 38
San-Ship Canal - South 64.6 08,3 . 128.5 | 170.1 94,8 | 125.7 170. 1 .9 _ ! 158 | 140 23,1 2.2
Cal-Sag Channel - South 79.0 108.6 126.0 | 134.6 108.6 | 126.0 134.6 0 | 2.3 2.5 6.1
Hickory - Spring Creeks 162.0 | 244.2 " 312.5 _ 395. 4 230.6 304. 5 392.3 4 | 6.0 &8 2 ¢
lackson Creek 31.9 70:3 ( 9.5 | 128.1 59.9 80,2 100.7 s | | 8.0 77 5 6. €
Thorn-Deer Creeks 387.5 4832 535.9 573.7 480.2 533.5 | 571.9 8 ¢ 35.9 ' 3 55 X). 4
Little Calumet - West! 6.8 | 8.8 1.2 16.0 v 6.8 | 9.6 14.8 | 5 0 ¢ € 5 B9
. - — » \P"«I\ — ———— —_— .T"\*w —_— . - -
rl_m@m TOTALS _ o P le@., | 8137 | 8827 | 9639 7127, B01S 8733 4570 5 07t 9 | 929.¢
| 1 i
17.1 Little Calumet - West? | 34,9 62,7 8.2 | 2 47.2 ﬂ 28,5
|18. Indiana Harbor 440, 6 746 526, 7 4 393.0 | 244.5
To. Little Calumer - Middle 107, 2 148.7 224.° 6 0 0.2
20. Little Calumet - East a5 152.5 3. 6 3 30.5 22,5
2t. Indiana Dunes 54.5 | 63.0 oy, 6 9 21.0 14.2
122. Trail Creek 0.5 1170 5.2, 4 0.1 0.1
— ST e e ¢
INDIANA TOTALS® Lok e | 920 | 1276 8 | 110.7 92,7 | 3j0.3
R S e TR = |
(C-SELM TOTAL WW 9854 | 11010 | 953 | :;# Tcm... 3 112351 EE.,»IM 239.3

Notes

I [llinots portion
2 Indiana portion
3 Totals adjusted slightly to conform to Table S. | totais
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C-SELM

FIGURE A-III-8

DOMESTIC UNIT FLOW PROJECTIONS

1970 ~-2020
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TABLE A-T11-6

Industrial Output (Value Added) for

Chicago-Northwest Indiana Standard Consolidated Areas

Standard Industrial
Classification (SIC)

20
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

1/ Census of Manufacturers', 1967, 1963; 1958 Chicago-Northwest

Year

VALUE ADDED ($1,000,000)

1958
1193, 7

206.3

240.0

Indiana Standard Consolidated Area

= E L]

il

48.9

w

1963
1424.
43,
212,
e
196.
303.
1058.
1044.
233.
265,

3
8
6
2
3
9
1
9
3
7

1967

1681.
37.
228,
69.
246.
431.
1416.
1308.
345.
352.

ro



In the development of the unit flow projection curves, two different
projection situations were assumed based on experience and an elevation
of present available flow data.

Projection A was made for the cities of Chicago, Evanston, Oak Park,
Berwyn, Cicero, Waukepan and Joliet; and North (Hammond), Calumet (Gary)
and Michigan (Michigan City) townships. This projection recognizes the
older development of these areas. The domestic per capita daily con-
sumption rate increase of 0.5 gallons per vear reflects an increasing
utilization of water-using facilities in the urban areas due in large
part to future urban renewal projects. The domestic consumption of 95
gpcd for 1970 was determined utilizing data from the Metropolitan Sani-
tary District of Greater Chicago (MSDGC), which was in agreement with
the mmicipal sewage treatment plant inventory presented in Section VII.
Further data from MSDGC indicated that infiltration (including combined
sewer discharges to treatment plants) in 1970 was approximately 50 gpcd.
It was assumed (assumption 4) that maintenance of the collector systems
for these areas would keep the infiltration constant for the design
period.

Projection B was made for the remaining suburban townships. The 1970
total domestic consumption was assumed to be 110 gpcd, which is repre-
sentative for these areas as presented in the municipal sewage treatment
plant inventory. This unit flow was then broken down into a domestic
consumption of 80 gpcd and infiltration of 30 gpcd, which is representa-
tive of newer separate sewer systems. The domestic per capita daily
consumption is assumed to be increasing at the rate of 0.8 gallons per
year reflecting increasing water demands in suburban areas due in a large
part to increasing commercial growth in these areas. It was also assumed
that maintenance of thz collector systems would keep the infiltration
constant. As shown in Figure A-II1-8, the townships included in Projec-
tion B converge toward Projection A over the fifty vear design period,
reflecting the outlook that these areas will become less distinct from
the central city areas as time goes by.

Specific total unit flows (including consumption and infiltration) shown
on Figure A-III-8 are shown below for the vears 1970, 1980, 1990, 2000
and 2020; these are the unit flows utilized in the domestic flow calcula
tions for the respective years.

Total Unit Flow

(gal/capita/day)
Projection 1970 1980 1990 2000 2020
A - City of Chicago and
Other Central Cities 145 150 155 160 170

B Suburbs 110 118 126 134 150




the unit flow curve used for each particular township is indicated in
the appropriazte colum of Table A-III-3 by the letter A or B. Figures
A-III1-9 and 10 graphically illustrate the waste flows for the study area.
The reduction in industrial flows from the present to 2020 (Figure
A-I11-10) is expected because of an increasing amount of industrial
recycle. Many industries generate wastewater perfectly adequate for
recycling for further industrial use. Sometimes minimal pretreatment
is required for recycling. Recycling accomplishes two goals: first,
it minimizes demands on an often over-taxed water resource; second, it
minimizes the quantity of wastewater that will ultimately be rejected
or blowndown for treatment prior to discharge to a receiving water.
Flow estimates are based on established trends.

INDUSTRIAL PROJECTIONS
BASIS FOR EVALUATION

Projecting industrial development, and implicitly industrial wastewater
discharge necessitated prediction of the complex shifts in the industrial
mix and in the location patterms of industry throughout the C-SEIM area.
The study objectives also necessitated making estimates of ''output' in a
form that could easily be translated into volume and constituents of
wastewater effluents. Units of physical production could not be used as
a measure of output because of a lack of commonality. Therefore the
solution was to define output in restrictive monetary (dollar) terms --
value added rather than value of shipments. The input or raw material
cost 1s not subtracted from Value of Shipments, the product selling price
before it is computed; whereas Value Added is the Value of Shipments less
the input cost. If the input cost is not excluded, there is the risk of
double-counting production (i.e., intermediate goods production). Hence
output referred to herein is Value Added, the selling price of the product
less the raw materials and other related costs.

A further constraint was the size of the geographical area upon which to
project industrial expansion. Because of the lack of historical infor-
mation to establish township and zip zone projections and incomplete
estimates of future township conditions, data was projected on the county
base. Susbsequntly, the growth indices for each Standard Industrial
Classification (SIC) code for each county were utilized to assist in
estimating growth of at least the critical water u-ing industries on the
township and city of Chicago Zip Zone geographic units.

Selection of the level of industrial refinement to be projected, a third

constraint, was predicated on the availability of base vear and historical
data for the county base. Industries are classified by SIC codes of which
manufacturing includes major groups 19 through 39. Refinement of industry
type is further indicated by addition of digits to the base two digit code.
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For example, SIC group 20 is food manufacture; 202 is dairy products (a
division of food manufacture) and 2022 is cheese (a further division of
dairy products). As the number of digits is increased (to a possible ten
or so), the degree of detail of product type becomes greater. Since very
little data is collected beyond four digits, projections were generally
made on a four digit basis for the selected county base. Only three or
two digit detail was projected where more extensive information was un-
available.

RELATIONSHIP WITH OTHER STUDIES

Several Federal, State and local govermmental, quasi-govemmental, and
private agencies were contacted during the course of the study. The
major agencies include the Departments of Labor and Commerce; OBE; I1li-
nois and Indiana Bureaus of Employment Security; NIPC; and the Chicago
Association of Commerce and Industry. The Office of the Chief of
Engineers and other Corps Divisions and Districts were also contacted.

Multi-state industrial projections on a county or study area base were
not available. The best sources of related data were projections pre-
pared by NIPC on employment by county and township for the Illinois
Counties and OBE forecasts of earnings and productivity data for key
water using industries located within the Great Lakes Basin Commission
Planning Subarea 2.2 which includes the entire Standard Consolidated
Area (SCA) of Chicago-Northwest Indiana, and the Standard Metropolitan
Statistical Areas (SMSA) of Kenosha, Racine and Milwaukee, Wisconsin.
Ultimately the OBE regional productivity projections for the selected
industries did serve as a guide. Also, the county and township employ-
ment forecasts based on land use and population studies were used as
limits to projected township and county expansion.

No comparative statistics on industry Value Added (Output) for the study
area were available. Therefore industry projections were developed by
using the methodology presented herein. Table A-1I11-6 summarizes the

SCA Industrial output for the years 1958, 1963 and 1967. Detail on major
industries by county can be found in the Census' of Manufacturers for
these years (17).

PROJECTION APPROACH

Current Economic Considerations

Economic characteristics of each county were considered in projections
of industrial forecasts. These characteristics included land use
limitations, transportation constraints, natural resource availability
(water supply and mineral reserves for example), and the proximity of
complementary or similar industries and businesses. NIPC's and the
Corps' projections and the limitations considered are discussed in sub-
sequent sections of this appendix. The employment projected by NIPC on
the township level for example, provided a primary constraint for allo-
cating industrial growth by township within [1linois.
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The industrial projections were the product of county historical trend
analysis for individual industry groups. The application of the county
trends to the industry group on the township and city of Chicago Zip

Zone levels required adjustment within the county total projection to
account for predicted land use availability. The total possible employ-
ment per township based on land use plans prepared by NIPC were considered.
Comparable land use projections information was not available for the
Indiana counties.

County projections for both population and industry through 1990 both close-
ly reflect the historical trend of the past decade. Thus the correlation
of population and industrial expansion over the past decade are reflected in
the 1990 projections.

Development of Projection Model

An approach to determining values was developed by analyzing work of simi-
lar nature pursued by the aforementioned sources. This involved linear
regression of two or more variables. The principle of linear regression
is an attempt to postulate, or make a best estimate, of a straight line
relationship between two sets of variables. Adequate historical data was
first obtained to detemmine a trend. It was then assumed that past trends
determined from historical data will continue into the future. Implicit
in these trends are the current rates of technological change, demand
pattems, employment pattermns, and the assumption of a relatively stable
economy (i.e. lack of dramatic upsurges or recessions). A difficulty in
using linear regression (least squares) methods develops if the dependent
variable decreases monotonically over time. Under such conditions, pro-
jections can be negative. A further problem arises when the dependent
variable has increased rapidly over recent years. This results in unreal-
istically high projections. These difficulties did exist and required
some modifications which are discussed below.

Data for the two variables selected for use in the projection model, em-
ployment and value added, were acquired from three sources. The Bureaus
of Employment Security supplied county industry employment information by
three (Illinois) and four (Indiana) digit SIC codes for 1960, 1963, 1967,
1970 and 1971 (18). Similarly, the Census of Manufacturers provided
county information for both employment and value added Tor each SIC code
up to four digits for 1958, 1963 and 1967 (17). Supplemental information
in the form of detailed employment data for each manufacturing plant, in
each county of the study area was also used. This data, prepared by Mc-
Graw Hill, identified industrial employment on a six digit SIC code. The
McGraw Hill plant information was the only complete data of its type for
a geographical unit smaller than the county and it was available for only
the year 1970. Prior to processing the Census of Manufacturers value
added data all values were converted to 1970 price levels to eliminate
price change effects.
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Application of Linear Regression Model

A problem in projecting the value added data by county for three and four
digit SIC code levels of detail developed because of the minimum amount
of input data. Too often the results of industrial projection extended
from the latest year available, 1967, often did not correlate with the
McGraw Hill information for 1970.

The unsatisfactory results from projecting Census of Manuracturers value
added (VA) data led to development of an approach which would utilize the
Bureau of Employment Security employment (N) data with complete informa
tion for more than three points in time and including the latest vear,
1871. The drawback to this source was that the only data available was
N. A method of translating this N into value added required the use of
information drawn from the Census of Manufacturers. Detailed count;
value added projections developed from regressing Census VA data were not
acceptable. However, the projection of the ratio of Census VA to employ-
ment E (productivity) was adequate when used with the deta:led cmplovment
information projected from the Burecaus' data. The productivity data was
derived from the Census, since it was the only consistent liistorical data
source. The projections of both county productivity VA/E and employment
N were independently regressed, on a four digit SIC base when possible.
The projected ratio VA/E was then applied to the projected N to predict
future value added. In each time period 1970 through 2020 the two values
VA/E and N for each SIC group were multiplied producing the requisite
future value added. The resultant value added projections do not neces
sarily approximate a stralght line and as a result the projections were
generally more realistic. Further, unli:ke the limitation imposed on
value added when projected separately, from Census data, the VA/E could
be applied to the emplovment base N to pemit projection of all 1970, four
digit industry groups.

To avoid the handicap posed by incomplete county Census VA data required
in order to project VA/E, the following procedure was used. When possi-
ble the county VA/E was projected for the highest SIC level of detail
possible. Further, the VA/E was projected for the four-digit level and
all other levels for each code reported for three additional geographical
bases--Chicago SMSA; Gary-Hammond SMSA; and the Northeastem Illinois-
Northwestem Indiana Standard Consolidated Area. The result was VA/E
projections for all SIC codes at the least on a two digit base for the
entire study area. This information was applied for the appropriate vear
to the projected Bureau county employment data N for each matching four
digit SIC code to produce county Value Added information. Fcllowing is
an example of the procedure followed to consider the SIC code 2756 for a
specific county for which employment N had been projected. The steps to
develop the VA/E projection is:

(1) Search the Census VA/E for the county.
(= thin the l ax for SIC 2756, If VA/E figures exist
for 0, mitiply them by N per vear. If thev do not, then: i




(3) Within the county search for SIC 275. If VA/E exists for 275,
multiply them by N per year. If they do not then:

(4) Search, within the county for SIC 27.

1f the Census did not compile VA/E figures for the SIC in question at
the county level, then the same process would be repeated at the appropriate
MSA level (I1linois Counties--Chicago SMSA: Indiana counties--Gary-Hammond
MSA). SIC 2756, SIC 275 and SIC 27 as required would then be searched
in the MSA VA/E Census compilations. If the Census did not compile the
Value Added/Employment figures at the SMSA level, then the process would
again be repeated at the Consolidated Area level, where, with few exceptions,
a match would be found at least at the two digit level. The procedure
stopped when a match was found. Thus, for each N SIC code, a match was
searched for in the VA/E figures to multiply to yield the Value Added
projections. This procedure of utilizing the VA/E at an available level
of detail with N permitted the projection of county value added at a 3
to 4 digit level of detail. This was impossible when extrapolating from
Census VA alone.

Although a few negative projections resulted from the procedure (usually
associated with industries with declining employment), the straight line
regression with slight modification usually yielded realistic products.

Dr. Charlotte Boschan of the National Bureau of Economic Research indicated
that ideally one type of regression should be used with growth industries,
and another with stagnant and so forth. However, as an approximation the
straight line, appropriately modified, gives as good a result as any.
Therefore the straight line results for employment and VA/E were accepted,
with necessary modifications. The OBE and other two-digit projections

were used as controls to modify those output indices that were negative,
too high, or too low. For those that were negative, the last positive
projection was usually adopted for the future. For those that were too
high, generally in counties that have little available land or experienced
recent rapid growth, subjective judgement based on projections such as

land use and population growth was used to reduce the growth rates.

The opposite procedure was followed for those that were too low. The
growth indices representing the county output projections for the major
water using industries are presented in Table A-IIT-7 for the period 1960
through 2020. One general trend is observed in the growth indices. The
developed counties such as Cook and Lake (Indiana), demonstrate generally
low indices whereas the newly developing counties such as DuPage and Porter
have the highest indices. Interpreting impacts of the varying indices must
be carried out in view of the industrial output shown in Table A-IIT-6 for
1970. The Cook County index for the Primary Metal Industry in 2020 of 204
contrasts to that of Porter County of 993. Applying these to the countv's
1970 bases of $1,096.5 million for Cook and $150.3 million for Porter,

Cook will still retain its real lead in this industry, although it falls

in relative importance within the Study Area.
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Technical design requirements necessitated growth estimates of the
critical water using industries on the township and city of Chicago Zip
Zone geographical bases. Detail to realistically disaggregate county
projections for each 3 to 4 digit SIC code to these units was well bevond
the scope of this study. In order to satisfy the requirement of estimating
the critical water using industries, however, the county VA growth indices
developed for each SIC code were applied to the McGraw Hill emplovment
data which had been grouped into the township and Chicago Zip Zone units
and converted to VA by the application of appropriate county productivity
indices VA/E. Since the projections for each SIC code by township could not
be satisfactorily adjusted, only the critical water using industry projections
by township and Zip Zone were checked for realism. These selected projections
were used only as indicators to the expected distribution, concentration
and growth of only the water using industries within the larger county unit.

COMPARISON OF CORPS OUTPUT WITH OTHER STUDIES

The Corps' county two-digit SIC projections for critical water using
industries and those made by OBE (the only alternative source) differ. OF}
considered a much larger geographical area as compared to those prepa -ed
by Chicago District (county base). Also the base period used by t'e
Chicago District was 1970 contrasted to a 1967 base for OBE. (-ok Countv's
growth indices at the two digit level, with the exception of petroleum
growth indices, fell below OBE's. The lesser developed counties generally
exceeded OBE's. For example, OBE projections fell below or equaled those
projections made for rapidly growing Du Page Countv. The Corps county growth
projections vary within a realistic range on either side of MBE projections.

EXISTING AND TRENDS IN INDUSTRIAI DEVELOPMENT

The foundation of the C-SEIM economy is the area's diverse industrial
complex. Presently, industrial jobs account for approximately 40 percent
of the wages and salaries earned in the area. The primary industry groups
ranked by employment and value of output are displaved in Table A-111-6.
The major industry, ranked by value of production, is primary metals.
Primary metals ranks second in employment and in addition leads in volume
of wastewater discharge. The next three highest ranking industry groups,
Electrical Equipment, Non-electrical Machinery and Fabricated Metals, are
all linked directly or indirectly to the primary metals industry.

The concentration of industry in the studv area is displaved in
Figure A-TT1-11. The two principal water users and discharpers are the
steel (SIC 331) and Petroleum Refining (SIC 291) Industries. The steel
industry is most heavily concentrated along lLake Michigan on the south side
of the city of Chicago, northern Lake County, Indiana and in the cityv of
Portage, Indiana. Petroleum refineries are clustered in Whiting and Fast
Chicago, Indiana and situated on the Illinois Waterway near the cities of
Lemont, Lockport and Joliet, [llinois.
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Industrial Growth Potential

Industrial growth in the Chicago metropolitan area is expected to
continue at a rate above the national average impelled by the proximity
to markets, easy access to land and water transportation, availabilit
of highly skilled labor, and the existence of general agglomeration
economies. The availability of land for industrial development in each
county is a good indicator of where the greatest industrial growth will
occur. The major industrial growth areas beyond the 1970 decade are
expected in counties or sections thereof which have the greatest availability
of vacant land. Identified as growth centers within the study area, by
virtue of availability of land, convenience to major transportation routes,
and/or abundance of water, are DuPage, Will, northwest Cook and Porter
counties and the central and southwestern portions of Lake County, Il1linois.
Table A-III-6 shows the value added projections, of major water using
industries by county in 1970.

City of Chicago. The central city, even with industrial land clearance

projects, will be unable to create sufficient amounts of vacant land to accommodate
those 1ndustries desiring city locations. In the imner sections of the city, the

amount of available land zoned for manufacturing is minimal. The inner city
seems to be best suited for three general groups of industries -- firms that
require large numbers of semi-skilled and unskilled employees; small firms
that are highly dependent upon their suppliers and/or markets; and closely
related industrial types, e.g. printing and publishing industries. These
industries will continue to expand, pprobably at the expense of other types
of industries.

In response to industry's demand for land witnin the city of Chicago,
property is being cleared throughout the city for redevelopment projects.
In addition, undeveloped land along the Illinois Waterway and connecting
channels, in the Lake Calumet region, and along vacated railroad terminals
will provide additional sites for manufacturing in the future. In
conjunction with these large-scale projects, the establishment of relatively
shall-si1zed industrial parks in Chicago should provide further industrial
growth potential. Such parks would be ideal locations for embryonic
industries which have a heavy reliance on certaln agglomeration economies.
The proximity to agglomeration economies coupled with the availability of
modem single story facilities may serve to offset the higher land costs
and make cuch parks haphly desirable industrial sites, since land
availabii.tv o still the chief opstacle to industrial parks in the city.
Several tuture sources~ of land include the space occupied by vacant
residential buildings, miles of unused commercially zoned property, and
many vacant and obsolete multi-story buildings.

The Lake Calumet Region on the city's far south side will also play a
key role in the city's future industrial expansion. This region has the
greatest amount of vacant land in the city that is zoned for industry and
commerce. Open space land is the area's principal assct. The area to date




is known as a water-oriented heavy industrial zone. Primary steel plants
requiring large-scale water transportation and low cost water supply
constitute the industrial core in both lakefront and river sites. A
parallel structure of water-oriented activities serves the grain industry
at Calumet River sites. Substandard urban services on the east side of
Lake Calumet presently constrain industrial development. The increasing
demand for commercial and industrial sites within the city will most
likely lead to significant future growth in the Lake Calumet Region. Of
the 4,000 industrial acres zoned available in Chicago, over 3,000 acres
are presently in the Lake Calumet area on the southeast side of the city.

itside the City of Chicago. The suburbs within the study area which can

be reasonablv predicted as areas of future industrial expansion are those
situated near the growth areas of the past decade. DuPage, and northwestem

§ Cook counties have recently experienced the greatest industrial growth.
| DuPage, followed by northem Cook County, presently leads the study area
i in total acres within developed industrial districts available for industry.

Considering the large acreage of vacant and agricultural land, they should
continue to lead the study area in future industrial development.

Two additional factors contribute to the expectation of rapid growth

in DuPage and northern Cook (particularly northwestern Cook) Counties.
3 These are (1) the northemrn, northwestern, and western rail commuter service;
and (2) the expressway system of the Edens Expressway, the Northern Illinois
Toll Road, the Northwest and Kennedy Expressway systems, and the East/West
Tollway. The greatest industrial development in recent years has centered
around O'Hare Airport in Northwest Cook County. Due to the characteristics
of DuPage and northern Cook Counties, light industry which has been dominating
the local industrial growth, is expected to continue to develop there.

Will County possesses valuable water assets which are expected to
continue to attract industry. The Illinois Waterway, which flows diagonally
through the county, provides shallow draft water transportation connecting
to the Great lakes and the Gulf. In addition to the waterway transportation
available, several railroads also crisscross Will County. Water-using
chemical, petroleun and metals industries have recently been concentrating
in the County, particularly along the [llinois Waterway.

Lake County is expected to experience its greatest industrial expansion
in the light industries group and in industries requiring a ready
pool of skilled and semi-skilled labor. In particular, the chemical
and food industries are expected to show the greatest real growth. large
acreages of undeveloped vacant and agricultural land are available for
expansion.

Lake County, Indiana's heavy industry will continue to be dominant
although the county's rate of future expansion in all water demanding
industries (consumptive or for transportation) is expected to be below the




average for the study area. Tie largest heavy industry group, Blast Furnaces
and Steel Mills (SIC 331Z), is expected to increase production by only 73
percent from 1970 tc 2020. The general limit on all expansions is due
primarily to the limited availability of sites accessible to water.

Porter County industry is expected to grow at a rapid pace in the
future. Its new deep water port, in combination with the existing rail and
highway networks and available open land, is expected to stimulate indus-
trial growth. Expansion by the county's two major steel companies will
substantially add to the county's growth. Metal-using industries are also
expected to contribute heavily to the future growth.

LaPorte County's industrial center is within the C-SELM portion
of the county. The county's principal industries are expected to continue
to be metal related. The area's growth as compared with that of the
entire study area is expected to be relatively greater because of its
availability of undeveloped land coupled with its established industry.

FLOW PROJECTION METHODOLOGY

Five basic assumptions were utilized in developing the industrial
flow projections. These were:

! (1) For the critical (large water using) industries discharging
to surface waters, it was assumed that recycling would reduce the flows
in future years as follows:

Proportion of 1970 Unit Flow

Critical Industry 1970 1980 1990 2000 2020
Petroleum 1.00 .45 225 'S .075
Steel 1.00 .2 ol .08 .075

(2) Critical industry flows to surface waters were assumed to equal
the value added component of a particular township contributed by the
specific critical industry times the unit flow factor for that industry
times the recycling reduction factor as presented in Assumption 1.

(3) The other industrial flows to surface waters were assumed to be
reduced in the future by the following recycling-reduction factor:

1970 1980 1990 2000 2020
Non-critical Industry L0 0.4 0.3 025 Uk

{4) Flow projections for those industries that are presently
discharging to mmicipal wastewater treatment systems were assumed to be
proportional to the population served by the municipal system. The
present industrial per capita unit flow for municipal systems in Cook
County was assumed to equal the MSDGC industrial flow data of 105.6 gped.
The present industrial per capita unit flow for municipal systems in the
remaining counties was assumed to equal 15.7 gpcd. It was also assumed
that these unit flows would remain constant throughout the design period.




| (5) The industrial flows to municipal systems for each county were
allocated among the townships according to the proportion of value added
% within each township.

In reviewing present industrial flows, it was found that the Steel
and Refineries industries generated 90 percent of the industrial flow.
Thus these key industries were designated critical industries and given
particular attention in the evaluation and projection. In addition several
other industries were found to be presently generating large flows. Among
them were Union Carbide, the Joliet Munitions Plant, and Abbott Laboratories.

&
|
|
|
|

For the critical industries (petroleum and steel), it was necessary
to determine that component of value added at the township level attributable
to them. This was done by taking township value added proiections for all
industries and identifying the value added figures from SIC groups
corresponding to these critical industries for the years 1980, 1990, 2000
and 2020. These critical industry value added figures were then used in the
calculation of critical industry flows at the township level by multiplying
them by the time adjusted flow factor of these industries as derived below.

Recycle Potential - Steel Industry

The water needs of the steel industry per unit production have
increased slightly in recent years reflecting new, high-volume production
technology. In the present and foreseeable future, the water requirements
of advanced-technology, integrated steel mills will be approximately
40,000 gallons per ton of production, of which 26,000 gallons per ton,

‘ or 65 percent is required for cooling and 14,000 gallons per ton, or
1 35 percent is required for process use.

Steel mills without coke plants can be expected to require 32,000
gallons per ton of production, or 80 percent of the integrated mill
requirement. The water requirements are proportioned similarly between
the cooling and process uses in steel mills without coke plants, i.e.,
approximately two-thirds to cooling and one-third to process use.

The distribution of the water needs among the varied sub-processes
within advanced-technology steel mills is presented below, together
with an indication of the type of pollutant resulting from each of the
sub-processes . The waste streams and the pollutants therein {rom each
of the sub-processes have different degrees of recycle potential. The
degree of overall recycle possible is evident from the following examples:

(a) Kaiser Steel Corporation's Fontana, Califormia, integrated plant,
where 1,000 gallons per ton of production is the total water make-up ;
requirement (71) . :

(b) Wisconsin Steel Division of Intemational Harvester Company's
Cook County, Illinois, integrated plant, where a one-time water intake
of 120 MGD has been reduced to 70 MGD and is destined to be reduced to

-

an estimated 5 MGD, or four percent of the original water requirement.




(c) United States Steel Corporation's South Works in Cook County,
I1linois, which announced in January, 1971, a recycling program
encompassing five years that will accomplish the reduction of wastewater
to a small quantity to be processed by the Metropolitan Sanitary District
of Greater Chicago.

A generalized maximum recycle strategy for the integrated steel
industry is as follows:

(a) All cooling flows and the sinter plant, steelmaking processes,
and hot and cold rolling mill process flows are reclaimed and recycled
repeatedly until the total dissolved solids concentration approaches
inhibitory levels.

(b) Blowdown from the recycling flow, described above, is successively
used for the by-product coke plant cooling and process requirement followed
by the blast furnace process requirement.

(c) A final suspended solids reclamation is perfommed on the enriched
blowdown flow prior to its admixture to local or remote primary, secondary
and, as required, advanced waste treatment.

(d) Pickling wastes are regenerated with a hydrochloric acid-themmal-
recovery system. Tinplating and galvanizing wastes are essentially stripped
of their heavy metal contents by absorption recovery systems and recycled
with a required blowdown admixture to local or remote primary, secondary
and, as required, advanced waste treatment.

(e) Reclaimed iron solids are recycled to either blast furnaces
or steelmaking processes via sintering, as required; reclaimed oil is
classified and reused or sold for further reclaiming; recovered zinc,
tin and chromium are selectively reclaimed as economically feasible and
reused.

(f) Sanitary flows are transmitted to local or remote primary,
secondary and, as required, advanced waste treatment.

This example of maximum recycle strategy for the integrated steel
industry leads ultimately to a total water requirement per ton of pro-
duction of approximately 3,000 gallons, or seven and one-half percent
of the estimated water requirement without recycle. The graph below
has been prepared to servc as an example of how such a strategy could
develop with time. The wastewater index defined in this exhibit 1is
the fraction of the original wastewater volume requiring treatment (40,000
gallons per ton) that accompanied modern technology steel manufacture
prior to wastewater recycle.
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THE EFFECT OF WASTEWATER RECYCLE IN THE
STEET, INDUSTRY ON TREATMENT VOLUME REQUIREMENTS

WASTEWATER INDEX, STEEL
o
=N
=2

0 1970 1980 1990 2000 2010 2020
TIME

Recycle Potential - Petroleum Indistry

In the past fifteen years, the total water requirement for crude
oil for both processing and cooling has decreased from 200 to 50 gallons
per barrel. This has been possible largely through recycle of cooling
water. turther reduction in wastewater production per barrel of crude
oil is still possible (72).

lThe waste characteristics of the various sub-processes encountered
in the petroleum industry are illustrated in Table A-III-8. Each
of the wastewater parameters 1s compatible with conventional primary,
secondary and advanced waste treatment, as required. Pretreatment for
o1ls and sulfides is frequently required.

A review of large (greater than 5 MGD wastewater discharges) petroleum
refiners in the C-SELM Study Areca reveals that recycle of cooling water
1s not intensively pmgtued With an ultimate recycle strategy in the
petroleum industry within the C-SEIM Area, it is possible to hypothesize
a 75 percent reduction in petroleum industry wastewater requiring treatment.
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Derivation of Unit Flow Factors for Critical Industries

Industrial unit flow factors (expressed in units of gallons/day/
dollar value added) are presented in Table A-III-9 for 1970.

Unit flows within the two critical industries are envisioned to
be reduced over the fifty year period to reflect the effect of recycling
process and cooling waters. The reduced flow in later years is shown as
a proportion of the 1970 unit flow in the table below.

Critical Industry Proportion of 1970 Unit Flow
Classification 1970 1980 1990 2000 2020
291 1.000  .450 250 .150 .075
331 1.00 .200 .100 .080 .075

The time adjusted flow factors for the critical industries thus becomes:

Critical Industry Flow Factor (gal/day/dollar output)
SIC Classification 1970 1980 1990 2000 2020
291 1.400 .630 .350 «210 .105
331 0.970 .192 .097 .078 .073

The critical industry flows are the product of the township value added

for the particular critical industry and the time adjusted unit flow factor.

Estimation of Other Flows to Surface Streams

In addition to discharge from the two critical industries,
approximately 350 MGD of wastewater was discharged to surface streams
in 1970. The dispersion of these industries among SIC categories did
not render this group of industries readily amenable to flow projection
methodology used for the critical industries; therefore, a more workable,
procedure was used.

A recycling effort within these industries was estimated to result
in the reduction of the 350 MGD flow to that proportion shown in the
following graph. Thus, by 2020, the flow from this group of industries
would be (0.20) (350 MGD) = 70 MGD.
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The following graph illustrates how such a recycle strategy could be achieved
over time. The wastewater index in the graph below is the fraction of
original wastewater requiring treatment (200 gallons per barrel) before
significant recycle occurred.

| THE EFFECT OF WASTEWATER RECYCLE IN THE
: PETROLEUM TNDUSTRY ON_TREATMENT VOLUME REQUTREMENT
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The total flow was allocated among those townships in which it was
actually located in proportion to the 1970 flow in the given township.
(i.e., in 2020 approximately 70 MGD would be the control total to be
allocated among those townships in which this type of industry was located).
Flows so allocated are shown on the calculation sheets in Table A-III-10
under the heading '"Non-Critical to Surface (MGD)'.

Projection of Industrial Flows That Are Presently Discharging to
Mmicipal Systems

This component of industrial flow is attributable to non-critical
industries which presently discharge to municipal sewers and therefore
tend to have relatively low flows. Present experience in the C-SELM area
shows this flow to be 0-50 percent of the total flow to municipal systems.
Based on the municipal sewage treatment plant inventory, a representative
proportion of the total municipal flow by county is assumed to be industrial.
An industrial per capita unit flow was obtained by dividing this industrial
flow to municipal systems by the present population served. It was assumed
that industrial flows to municipal systems will be proportional to the
population served. Thus industrial flows to municipal systems for the
period 1980-2020 were calculated for each county by multiplying the
industrial per capita unit flow by the projected population served. Subsequent
to the derivation of the county totals, an allocation of these totals among
townships was made according to the proportion of value added within each
township (i.e., a township having 10 percent of the county's value added
was allocated 10 percent of the county's industrial flow to municipal
treatment systems).

The specific proportions used for calculating the county total,
together with the industrial per capita unit flow, are shown below (these
figures are assumed to remain constant over the 1970-2020 period).

TABLE A-III-9
INDUSTRIAL FLOW FACTORS
Present
Industrial Flow/Total Industrial per
Mmicipal STP Flow Capita Unit Flow
County Percent (gpcd)
Cook 42.5 105.6
DuPage 10 1557
Lake, T11. 10 LS7
Will 10 LS 7
Lake, Ind. 10 5%
Porter 10 B
LaPorte 10 15.7
[he flows allocated as described above are shown in the calculation

sheets of Table A-111-10.




Total Wastewater Flows

The total industrial flow is the sum of the critical industry flow
industrial tlows to surface streams, and industrial flows that are pre:
discharging to municipal systems. Total flows were calculated as the s
of domestic flows and industrial flows as shown in Table A-1IT1-10. The
total flows are shown by township for the years 1980, 1990, 2000, and 2
Total flows are illustrated in Figures A-I1I1-9 and 10.
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SECTION IV: WATER MANAGEMENT NEFDS

GENERAL

Effective water management in the C-SEIM area involves many consid-
erations; of concern is the quantity and quality of water as related to
the various uses of the water and its adjoining land resources. The
planning objectives for the region are largely a reflection of water
management needs, such as the following: flood control, maintenance of
minimum hydrologic flows, water supply, open space, improved water quality,
recreational development, fish and wildlife restoration and conservation,
navigation, and electric power. The water management needs are discussed
in detail in the following paragraphs.

FLOOD CONTROL

Current land use practices and inadequate capacity in the area's
storm water collector and conveyance systems are the two basic factors
contributing to the present flood problem.

The high density of development and urban type ground cover converts
any rainfall into sheet rumoff which if not quickly removed will tend to
pond and flood the area. Failure to provide sufficient open-space where
the runoff can be held until it can be safely released into the streams
is just one part of the problem.

The major streams and tributaries are the basic conveyance systems
for removing storm water runoff from the area. Portions of these streams,
particularly in the headwaters or upper reaches, do not have the carrying
capacity to contain sufficient volumes of runoff without overtopping the
banks. Consequently the urban growth in the headwater areas has not only
helped cause the flooding but also suffers from it. Only limited attempts
have been made to either zone or prohibit development in and adjacent to
the floodway or offset the growth effects by increasing the stream's
capacity. Furthermore some of the pipeline systems which collect and
transport the runoff from the suburban area to the stream have been
inadequately designed with respect to today's requirement. Heavy rains
within a short time of concentration create severe runoff which becomes
more than the system can handle. A water back-up occurs and the runoff
which cannot flow away, ponds and creates a local flood problem.

Storm runoff is also a significant and heretofore neglected (with

respect to treatment of wastewaters) source of pollutants. Data availability,

especially with respect to quality characteristics, is very limited both
historically and nationwide.
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APPROACH

Storm runoff was inventoried as to urban, suburban and rural watercourses
and service areas for the present, for 1980, 1990, 2000, and 2020
urbanization. The information was developed for up to a 7 inch, 72 hour
rainfall with 4 inches of runoff (100-year storm). Insofar as feasible,
the desired storm retention volumes both in terms of water quality and
flood relief, were defined.

The primary sources of information for this storm water inventory are
data on stream events, USGS flood hazard maps (27), results of 'deep
tunnel conferences' (28) and other pertinent information available from
other sources.

The results are presented in a suitable format, such as: a graph
showing runoff and required storage as a function of historical storm
events for each of the USGS gaging station watersheds for 1970, 1990,
and 2020; as maps of watershed areas (Figure A-I111-7); and in tabular format.

ASSUMPTIONS
The assumptions used in developing information were as follows:

(a) Definition of land-use classification criteria for the C-SEIM
area was assumed to be: Urban Area - 10,000 or more, suburban area - 4,000,
and rural area - 500 or less persons per square mile.

(b) Storm runoff data from the following quantity models were
assumed to be representative for the entire C-SEIM study area as classified
by assumption (a): Urban model - derived from a 375 square mile area served
by combined sewers in the Greater Chicago Metropolitan Area; Suburban and
rural model - derived from Salt Creek, Thorn Creek, Des Plaines River and
Hickory Creek watersheds.

(c) The following quality parameters and concentrations, in mg/l,
were utilized in the projection of pollutant loadings from storm runoff
to the waterways in the C-SEIM area. The concentrations considered as
representative of runoff from the various land-classification areas are
presented in Table A-TV-1.

TABLE A-TV-1

Pollutant Loadings from Storm water Runoff

Area Served By Soluble Phosphorus BOD  Suspended Solids
Urban Combined sewers 1.0 10 130
Suburban Separate sewers 0.25 20 500
Rural Partial storm sewers a0 10 550

\~ 1V




(d) Collection systems were designed to accept 0.5 cfs per acre of
drainage area.

N

FINDINGS

It was concluded that a pronounced discontinuity exists in the
relationship between the volume of storm runoff and the number of times
that this volume was equalled or exceeded during the 21-vear period of
record studied. There is little doubt concerning the need to provide
sufficient storage to reach the point of discontinuity located at 2.5
inches of storage. Provisions to capture less than this amount would
result in too frequent discharges of polluted water into the waterways.

This is obvious by inspection of the generalized curve developed and
shown on Figure A-1V-1. From the curve, the amount of total spills was
estimated to be 4.5 inches. By applying the set of water quality parameters
shown under item (c) above, the amount of pollutants in terms of soluble
phosphorus, BOD, and suspended solids was computed. The results of the
computation are presented in Table A-1V-2.

For comparison, the estimated amount of pollutants contained in the
treated domestic, commercial and industrial wastewaters have been computed
assuming that advanced treatment plant or land treatment methods were
employed. These estimates, together with those derived from Table A-TV-2
are listed in Table A-IV-3, permitting some comparison of the relative
degree of impact on the waterways.

MINIMUM HYDROLOGIC FLOWS

The worst environmental conditions in natural streams are generally
associated with low flows. They are significant also because of the many
undesirable effects associated with lack of availability of adequate water
supply.

APPROACH

The first engineering task was then to identify the minimum seven-day
ten-year hydrologic flows for all significant watercourses in the study
area. The task identifies these flows at each USGS gaging station and
(in the form of synthesized data) at locations considered important for
adequate definition of low flows within the entire C-SFIM study area.

The primary source for flow information was the USGS flood hazard
quad sheets (27), for stream location and mile reach of stream: other
flow information was taken from available references, such as federal and
state geological survey and other water resources data publications.

The results are presented in a tabular format with appropriate
grouping consistent with other tvpes of data.
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ASSUMPTIONS

Different assumptions were used to determine the low-flow conditions
of streams and rivers in the C-SELM area depending upon the availability
of stream flow data:

(a) Where sufficient flow data was available, the results of
statistical analyses were used to obtain the seven-day, ten-year low flow.
Two sources of such statistical analysis results were available for the
State of Illinois: ''Low-Flow Frequencies of I1linois Streams' (U. S.
Geological Survey, 1970) (29), and the '"Statistical Summaries of Illinois
Streamflow Data'" (U.S.G.S., Water Resources Division, 1969) (30). The
first reference, which gives a complete statistical analysis, was ‘sed
as the primary source of low-flow data, and the second reference was used
as an auxiliary source. The low flow data for the State of Indiana were
obtained from ''Low-Flow Characteristics of Indiana Streams'" (U.S.G.S. and
State of Indiana, 1962) (31).

(b) Where flow data for only a few years were available, the minimum
recorded seven-day low flow was used.

(c) Where no flow data were available, the estimated minimum flow
was based on upstream sewage treatment plant effluent flows, ground water
flows, and where applicable, Lake Michigan diversions. Two-thirds of the
sewage treatment plant design average flow was used in determining the
minimm flow, reflecting diurnal and daily variations.

For comparison, the estimated amount of pollutants contained in the
treated domestic, commercial and industrial wastewaters have been computed
assuming that advanced treatment plant or land treatment methods were
employed. These estimates, together with those derived from Table A-1V-2
are listed in Table A-IV-3, permitting some comparison of the relative
degree of impact on the waterways.

FINDINGS

The seven-day ten-year low flow was determined for 60 locations in
the 22 watersheds identified in Figure A-11I-7. Forty-three of the
points are gaging stations established by the U.S.G.S., some of which have
been abandoned, and seventeen other locations were chosen at points where
low flow data may be required during the study. The sixty locations are
shown on Figure A-1V-2.

The tabulated results for these locations, showing distance from river
mouth, in miles, drainage area, in square miles, unit flow, in cfs/sq. mi.,
and discharge, in cfs, indicate that the seven-day ten-vear low flow is
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near zero at most of the sixty locations. Where larger low flows are
encountered, these are almost without exception attributable to either
sewage treatment plant effluent flows or Lake Michigan diversions (for
actual values see following Table A-IV-4).

WATER SUPPLY

The water supply deficiences, both present and future reflect the
capability of the current supply source. That portion of the area
presently supplied from Lake Michigan should not experience any supply
deficiences within the next 50 years. It is only in the northwestern and
westem portions of the study area, where ground water aquifers are utilized
as a supply source, that there are any deficiency problems. In these arcas,
the growth and its resultant usage has exceeded the aquifer recharge
capability and an actual mining or loss of reserves has occurred. The reuse
potential (to safisfy projected groundwater deficiencies) of the highly
treated wastewater is directly correlated to the water supply demand of
the region.

APPROAH

In order to identify future needs, present and future water supply
demands were inventoried for the watersheds of ecach watercourse and
compared with available supply. With respect to overall water balance
it was assumed that a 3 billion gallons per day total wastewater flow,
3,200 cubic feet per second diversion from Lake Michigan for [llinois and
as required for Indiana, the sustained yield of the shallow aquifer plus
the yearly runoff through recharge, are totally available for use. Water
supply deficit in areas where groundwater is used for supply are de!ined
in terms of 2020 needs. Potential recharge areas in and around the
study area are located, and if recharge opportunities permit, the recharge
capabilities are distributed over the water deficit areas using some
preliminary strategy.

The primary sources of information are professional experience of
the engineering consultant supplemented by I[1linois (32) and Indiana (33)
Water Survey reports conceming deficits in groundwater supply areas,
together with soil (34) and geologic (35) maps.

The results are presented in appropriate map format where such is
called for, and in other formats consistent with the information tabulated.

ASSUMPTIONS

The following are the assumptions utilized when projecting water
demands and deficits for the period of 1980-2020 in the study area.
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(a) It was assumed that the area and the population served by the
public water supply system are identical, respectively, with the area
and the population served by the wastewater management system, and the
future industrial water demand is identical with the industrial flow.

(b) The per capita domestic and commercial water consumption for
populations served by public water systems was assumed to equal the per
capita domestic and commercial wastewater unit flows. For populations
not served by public water supply systems, the per capita consumption
is assumed to equal 80 gallons per day.

(c) Projected water demands for agricultural and livestock uses
are assumed to be nominal, approximately 0.07 - 0.15 inches per year over
the area, and are dependent upon soil characteristics and land uses.

(d) The portion of the study area analyzed for projecting ground-
water deficits is assumed to equal that portion of the C-SEIM area that
is not presently supplied by Lake Michigan waters.

(e) The projected groundwater available in 2020 from natural recharge
and mining is assumed to equal the Illinois State Water Survey projections,
on a township basis. The water deficit for this analysis is then assumed
to equal the projected water demands minus the groundwater available from
recharge and mining as discussed above.

FINDINGS

The water consumptions in gallons per capita per day were estimated
according to the degree of development for: (1) The City of Chicago;
(2) Inner suburbs; (3) Outer suburbs; and (4) Rural areas. The results
are shown on Figure A-IV-3. The estimted water demands were developed
by counties, and townships, and watershed management areas. The results
of the latter are shown in Table A-IV-5.

Groundwater supply needs were identified for each of the seven counties,

then water supply deficiencies in each township within the study area

have been estimated by comparing the water demand projections and the
potential yield of the shallow aquifers plus the practical sustained yield
of the deep aquifers. The resulting groundwater deficits for the townships
in the year 2020 are shown on Figure A-IV-4.

The Illinois State Water Survey investigated the possibility of mining
the deep sandstone aquifer and concluded that proper mining management
allows more water taken from groundwater storage. Figure A-IV-5 shows
estimated deficits. Based on a mathematical model study, using the
shallow aquifer production, the sustained yield of the deep aquifer, and
mining of the deep aquifer.

A-IV-19




GALLONS PER CAPITA PER DAY

FIGURE A-I¥-3
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DOMESTIC WATER DEMAND PROJECTION
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Study of the feasibility of artificial groundwater recharge indicated
that recharge pit method would be a preferred technique. Preliminary
investigations have identified 1. sites within and near the C-SEIM area
in Illinois which appear to satisfy the criteria for artificial
groundwater recharge. These arcas are shown on Figure A-1V-6.

OPEN SPACE

The public acquisition or zoning control of open space within C-SEIM
is an essential elemeat in order to allow adequate recreational opportunity,
preserve and enhance natural resources, and make planning effective relative
to future urban growth. Both NIPC and LPCRIPC have regional open space
plans for their respective planning areas.

RECREATIOGNAL DEVELOPMENT

The demands for in-close and a variety of general recreational
opportunities have grown concurrently with the increase in the country's
standard of living and the shorter work week. Those activities normally
associated with water and open-space lands are in particular demand.

Over time the quality of the area's streams have been degraded and

- usage for most forms of water-related recreation including fishing, is limited.
) The lack of public access which precludes effective usage and the fact that
~ the quantities of flows are insufficient to sustain a wide range of

activities during the recreation season are also problems.

The problem of water pollution affects all aspects of water usage.
Two of the most critical problems are the shortage of recreational
facilities and the diminution or loss of utilization of the existing
i facilities due to pollution. Because of this shortage, recreational 4
water usage 1S even more sensitive to water pollution and subsequent
water contamination. Two general recreational uses are defined: whole
body contact (swimming, water skiing) and limited body contact (pleasure
boating, fishing). The latter group also includes aesthetic enjovment,
such as driving or hiking, picnicking or cycling along the shoreline.

Whole body contact activities require high quality water, paralleling
that of public water supplv (according to a report of the Select Committee
on Natural Water Resources of the U. S. Senate) (37). lowever, limited
body contact activities are also adversely affected by low quality water
(decrease 1in aesthetic value, etc.).

Of the ten largest metropolitan areas in the United States, the Chicago
Metropolitan Area has the least amount of public open space - 13.5 acres/
1000 capita (38). Compared to 57 acres/1000 in the State of Illinois |
(lowest of the fifty states), it can be seen that C-SELM has a serious
recreation problem, originating from lack of space and compounded by
pollution.
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‘ Plans to resolve this problem have been instituted by both states in

i C-SEIM. The State of Illinois, according to the Illinois EPA, is currently
. engaged in an 'aggressive land acquisition'' program. More than 20,000

| acres have been added within a two mile drive of metropolitan Chicago, and
state owned shoreline has nearly doubled (39). The United States has
acquired land to implement the development of the Dunes National Lake Shore;
public lake shore extending 13 mi. from the Michigan City Corporate

limits to the Lake-Porter Line (40). However, even when these facilities
are fully operational, demand for recreational space will still exceed

the capacity of available facilities.

| The failure to incorporate sufficient open-space lands in with local
- residential developments has reduced the amount of lands available for
recreational usage. This limited base is continuously being reduced with
: the conversion of publicly and privately-owned lands to other forms of

} urban development. Consequently over-crowding and excessive usage is
affecting the quality of recreational experience.

Overcoming this deficiency in recreational opportunities has placed an
E economic burden on the local commmities and counties. What lands are left
require an excessively high level of expenditure in relation to the number
of people which can be effectively served. Furthermore the size of the land
parcels that are left, and the location and accessibility by the community
all limit what types of recreational usage can or should be provided. For
this reason implementing an effective open-space program and utilizing the
flood plain for recreational rather than other forms of development are

the only feasible ways of meeting this need. Still the size and types of
recreational opportunities which can be provided will limit usage and

some form of large, comparatively close-in, regional-type parks wifl
eventually be needed.

WILDLIFE RESTORATION AND CONSERVATION

The urban growth has been particularly severe on the area's wildlife
resources. loss of habitat, pollution from the urban area, and the lack of
food plots have all contributed to the loss of wildlife and the associated
recreational, educational and interpretive type programs.

An educational and interpretive program can be established by controlling
land-use, and setting aside natural preserves. One good example of this
type of program is operational at Palos Hills Forest Preserve in the I1linois
portion of C-SELM. [Establishing rest areas for waterfowl and separate
hunting areas requires large tracts of land for both management and safety
reasons. Therefore, areas similar to regional parks outside the C-SEIM
boundary will be needed for an effective wildlife management and hunting
program.
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NAV. "ATION

The economic growth enjoyed by the Chicago metropolitan area is in
part attributable to its being the center of a large inter-model
transportation network. The commercial advantages offered by waterborne
navigation are particularly significant, especially the commodity interchange
between the Inland System (Mississippi and Ohio Rivers) and the Great Lakes
traffic. The low-flow, slack water system on the Illinois River is maintained
by a series of locks and dams. As traffic grows, so does the need to provide
sufficient low-flow augmentation for the required through lockages.
To meet this need sufficient flows can be provided from either Lake Michigan
diversion and/or discharge flows from the Metropolitan Sanitary District of
Greater Chicago plants.

The present Illinois Waterway provides through navigation from the
Mississippi River to Lake Michigan with a minimum channel depth of 9 ft.
and a minimum channel width of 160 ft. Congestion on the Waterway is a
major problem, resulting ultimately in higher transportation costs and
slower deliveries. Operation of locks downstream from the Port of
Chicago depends upon water diverted from Lake Michigan; however, diversion
by the State of Illinois is limited to a 5-year average annual rate of
3,200 cfs by U. S. Supreme Court Order. (This includes all withdrawal
uses; hence increases in diversion for navigation would result in a
proportional decrease in municipal and industrial use of Lake Michigan
as a source of water supply.) Water quality is directly affected by this
interrelation of water uses, since water is now used for sewage dilution.
The greater the dilution (i.e., volumes of water vs. sewage), the more
effective the water is to (1) assimilate the waste and (2) undergo
natural purification.

ELECTRIC POWER

In designing wastewater management systems energy forecasts are
essential both in terms of the energy requirements of the system itself
and in terms of possible synergisms between waste treatment and energy
production.

APPROACH

Existing and projected power generation requirements, together with
the waste heat dissipation requirements are defined for the study area.
Graphical projections of the future energy requirements, evaporative
cooling requirements, and anticipated wastewater flows are evaluated for the
C-SEIM area through the year 2020. Attention is called to the degree of
balance between wastewater flows and evaporative cooling requirements of
this projected period. The interrelationship between power generation and
heat rejection as applied to present and anticipated power generation
technology is discussed in the Design Appendix, together with the relation-
ship to evaporative cooling, and the advantages of cooling reservoirs over
cooling towers.
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The primary sources of information are professiongl gxperience
supplemented with technical literature (41) and specific inputs from area
electric utilities.

ASSUMPTIONS

The following are a list of assumptions utilized in the formulation
of energy projections:

(a) The large increases in energy needed in the next 50 years will
substantially be provided by generation of electrical power, and this will
be accompanied by a large increase in demand for water for cooling purposes.

(b) The minimum energy demands will require a doubling of installed
capacity every 10 years for the next 30 years. These are the Federal Power
Commission's (FPC) assumptions based on a projection of the energy demands
experienced over the past 20 years, including an allowance for decreasing
population growth rates.

(c) The minimun commitment of power companies, estimated for the
purposes of this study, to install generating facilities on wastewater
land-treatment sites would be 65,000 MV by the year 2020, or about 7 times
the present level of power production. This compares to 12 times the
present levels as estimated by local power companies.

(d) The unit cost of the capital cost of wastewater management
system was assumed at $1.00 per gallon per day of capacity. The unit cost
of payment by the power companies to the wastewater management system for
site and cooling water was assumed at $50 per kilowatt to be paid after
an assumed allocation of electrical power generation capacity of 5 KW per
capita (associated with 60 gallons per day of water required for evaporation).

FINDINGS

Projected power requirements curves were developed in terms of
megawatts installed capacity and per capita power consumption, shown as
curves 1, 2, 3, and 4 on Figure A-IV-7, for the study area. As contrast
to these curves, curve 5 depicts an extreme projection made by Professor
Cook of Texas A § M University. For this curve to be realistic
unprecedented public policy changes, calling for an arbitrary limitation
of consumption of resources, would be required.

These curves indicate that the minimum commitment of power production
facilities to be situated at wastewater land-treatment sites, and shown as
curve 0, is a conservative estimate to be used for computing synergistic
benefits.

The following Table A-IV-6 is the summary of the maximum likely energy
use per person per year:
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TABLE A-IV-6
MAXTMUM ENERGY USE PROJECTED

Comsumption Category KWh/capita KW/capita
Residential 17,000 4.9
Commercial & Industrial 10,135 2.5
Electric Transportation 9,315 1.8
Governmental and Other 3,490 0.5

Total 40,000 9.5

This 9.5 KW/capita corresponds to the consumption shown on the abscissa
of Figure A-IV-7 for the year 2020.

WATER QUALITY

Most of the major streams within the base study area are of poor
water quality, with the existing low-flow characteristic being dependent
upon the effluent discharge of the area's sewage treatment plants. Many of
the existing sewage treatment plants have not been upgraded to meet current
State or Federal-State Standards. Furthermore, present stream quality
standards do not require the capture and treatment of storm water runoff.
Thus, even the most pollution tolerant forms of fish life at times have
a difficult time sustaining themselves and providing a fishable population.
The streams, particularly after heavy rains, present a human health hazard
from the sewage that is by-passed into the streams.

At present, the quality of water in the Illinois River System varies
from good to severely degraded. Findings clearly show that the waste
discharges of the Chicago Metropolitan Area are a major source of BOD loads
which enter the streams and influence the entire length of the I[llinois
River (1). Organic waste loads imposed on the upper tributary system
exceed the rivers natural capacity for waste assimilation, despite
dilution water diverted from Lake Michigan.

Lake Michigan and the surface streams contain numerous pollution
tolerant organisms. Daily concentrations of many of these organisms can
and do reach high levels. Of these organisms, the coliform count is
generally used as an indicator of human-related pollution. William L.
Blaser, past director of the [llinois EPA, announced the results of a
computer analysis of pollution levels in Illinois streams in 1970 (60).
Measurements at 89 of 218 stations exceeded water quality standards
set for fecal coliform by the EPA. Fecal coliform are organisms that
breed in the intestinal tract of warm-blooded animals and are used as
an indication of bacterial contamination. Twenty-five most polluted streams
were identified. Of these, 20 are in the study area. The quality of
water in these streams is due mainly to man-related pollutional loadings;
during low flow periods, total system flow in some streams consists
chiefly of treated sewage cffluent and industrial waste discharges.
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Identification of existing wastewater flows, their character and
spatial and temporal distribution, is essential for definition of
base water quality conditions. Also, treatment and water conservation
practices and trends in industry have great influcnce and significance
on and for any wastewater management scheme.

APPROACH

In order to achieve higher water qualities, existing mmicipal treatment
plants by type, collection systems, flow, quality of effluent and service
area were inventoried for each of the watercourses within the C-SEIM area.
Future sewage treatment plant loadings were derived from this inventory.
Typical effluent qualities are identified for all sanitary treatment plants
(STP's), including any reuse features. Significant industrial components
of mmicipal facilities were identified with respect to quantity and quality.

An inventory of significant existing industrial and other discharges
to surface water by type, flow, and quality characteristics for each
watercourse from Federal, State, and local sanitary district records,
was combined with the inventory of municipal plants.

The primary source of information was state records of Illinois and
Indiana (61), data developed in the C-SEIM feasibility study (21) and the Corps'
discharge permit application program (62).

The results are presented in a tabular format with appropriate grouping
and breakdown consistent with other types of data.

ASSUMPTIONS

A number of assumptions were utilized in developing the inventory of
mmicipal and industrial flows in the study area:

(a) The inventory of mmicipal wastewater systems only included
plants whose average flow was 10,000 gallons per day or greater; industrial
wastewater treatment discharges to surface waters were considered significant
if the total average flow exceeded 5 MGD; miscellanecus treatment systems
for schools, motels, restaurants, etc., were not included in the inventory.
It was extremely difficult to get effluent data from smaller industries,
hence the 5 MGD cutoff. Additional study would be necessary after selection
of a wastewater management system for implementation.

(b) Mmicipal waste loadings, with the exception of the three main
Metropolitan Sanitary District of Greater Chicago (MSDGC) plants, were
based on average concentrations of secondary effluents considered typical
of treatment performances existing in the study area. These concentrations
are: Total dissolved solids, 400 mg/l; Suspended Solids, 25 mg/l; Chemical
(xygen Demand, 60 mg/1; S5-day Biochemical Oxygen Demand, 20 mg/1; Total
Nitrogen, 20 mg/1; Total Phosphorus, 8 mg/l; Fecal Coliform Bacteria,
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400 MNP/100 ml. The large MSDGC plants were not considered typical due

to their large proportion of industrial flow (42%), and loadings for these
plants were obtained from data presented in the 1970 MSDGC Maintenance and
Operation Department Annual Report.

(c) The maximum concentrations of other critical pollutants parameters
used to estimate maximum possible loadings were based on performance
capabilities of existing systems. These concentrations are: Color, O
Platinum - Color Unit; Max. heat discharge, 18°F winter increment; Oils
and greases, 10 mg/1; Phenols, 0.2 mg/1; Boron, 1 mg/1; Arsenic, 0.3 mg/1;
Cyanide, 0 mg/1; Trace Metals, 3 mg/l. Trace metals were considered to
include aluminum, cadmium, chromium, copper, iron, lead, manganese, and
mercury.

(d) Information reflecting waste solids management and municipal
effluent reuse potential were assumed to be consistent with the following
references: ''Report of the Committee on Water Quality Criteria" (FWPCA,
1968) (63), and 'Theories and Practices of Industrial Waste Treatment," by
Nelson L. Nemeron (Addison-Wesley Publishing Co., Inc., Reading,
Massachusetts, 1963) (64).

FINDINGS

The information for wastewater facilities, classified by 22 C-SEIM
watersheds, is summarized in Table A-IV-7 for existing municipal wastewater
treatment facilities, and in Table A-IV-8 for industrial surface wastewater
discharges. For tabulated results of individual facilities consult
Tables 2-1, and 4-1 of the Phase I report. That report also presents
tabulated information on current waste solids management (Table 4-3), and
on industrial reuse potential of mumicipal effluent.

BOTTOM DEPOSITS

Bottom deposits are the results of natural processes and the activities
of man. In many of the study area's streams large accumulations of bottom
deposits exist. These deposits may be potential sources of pollution for
some time to come, even after sewage effleunts become highly purified and
non-polluting. Without adequate knowledge concerning the extent and nature
of these deposits it is not possible to estimate their pollutional effect
or to develop a management scheme, should such be required, to eliminate
them as potential sources of pollution.

The accumulated bottom deposits capable of sustaining significant
pollution were inventoried for each C-SEIM watercourse. The location,
length, breadth, depth, estimated wet weight, and volatile solids content
of the deposits are defined below.

The primary sources of information are field data and representative
sampling. Sample sites were selected on the basis of proximity to sewage
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treatment plants, and the samples were submitted to a competent laboratory
in plastic or comparable bags which would assure retention or their
properties for volatile solids determination.

The results are presented in an appropriate tabular format accompanied
by a suitable map showing sample locations.

ASSUMPTIONS
The following are the assumptions utilized in formulating data.

(a) It was assumed that, with regard to the estimation of bottom
deposit volumes in the water courses, the depth obtained from one sample
in the middle of the stream would be uniform across the width of the stream.

(b) The volume between two sampling points was assumed to equal the
average depth of each sample times the average width of the stream times
the length between sampling points.

FINDINGS

As a general summary of the aesthetic and physical appearance of the
area sampled, the Northshore area yielded heavy organic sludge deposits
accompanied by septic odors. The central area, or basically Will and DuPage
Counties in Illinois, showed significant bottom deposits but with diminished
odor problems. The bottom deposits in Lake, Porter, and LaPorte Counties
in Indiana were generally very significant in extent and appeared to have
a pronounced oily appearance consistent with a heavily industrialized area,

These characterizations are based on the results of a field samling
program during which a total of 72 samples were collected. Analyses of the
samples appears in Table A-TV-9. The sampling locations are shown on
Figure A-1V-8. The volume of bottom deposits in the areas sampled was
estimated at 520,000 cubic yards. The samples were analyzed for volatile
solids content and the analysis was supplemented by description of the
sampling locations as well as visual observations of sample appearance and
estimations of depth, length and width of bottom deposits. No supplemental
biological survey information was available.

CRITICAL POLLUTANT LOADINGS
In order to assess or otherwise measure the environmental effect
pollutants on surface and groundwater adequate knowledge of pollutant
loadings and concentrations is essential.

APPROACH

Therefore, critical pollutant loadings and concentrations, originating
from sewage treatment plant effluents, are identified for key reference
points on each watercourse for the present and future. These loadings and
concentrations are developed for each of three different treatment postures:
existing treatment, existing effluent standards, and ultimate treatment with
present technology.

A-TV-35
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(a) The base flow (that flow which does not have a treatment plant
as its source) is zero at low flow conditions in Illinois. This assumption
stems from the findings of the Minimum Hydrologic Flow inventory. The
seven-day, ten-year low flow analyses are based on data taken some time
ago. Since that time the base flow has decreased markedly. Increased
mining of ground water, which is the major source of base flow, has
caused the decrease.

There has been no obvious change in the base flow at low flow conditions
in the State of Indiana. Thus the low flows identified were judged to be
adequate for Indiana waterways, and the difference between the observed
seven-day, ten-year low flow and the total flow contributed by treatment
plants upstream of each control station is used as the base flow of that
control station.

(b) The low flow for each treatment plant is two-thirds of the design
average flow reflecting daily and diurnal flow variations. The average
treatment plant flows used were derived from the inventoried STP data.

(c) The 1990 low flow projections for treatment plants are derived
as follows:

1990 flow = 1990 population in TWP x 1990 per capita flow x 1970 flow
population 1n per capita flow

Thus, it is assumed that all treatment plants would remain at the same
location and would expand in proportion to the local population growth.

(d) There is no reduction of the pollutants due to natural purification :
in the waterways and there are no pollutants introduced from Lake Michigan.

(e) The flows of dilution water diverted from Lake Michigan through
Wilmette Harbor, Chicago Harbor and Calumet Harbor are assumed to be
137.3, 315.0 and 133.0 MGD, respectively, during the low flow period.

(f) Direct industrial flows to surface waters are assumed to be
absent for the purposes of this task. Industrial flows are accounted for
within nunicipal treatment systems.

(g) The existing standards effluent quality is assumed in cases
a and c.

FINDINGS

The results of the analysis are categorized by various case numbers
characterizing different effluent qualities. Table A-1V-10 shows the .
potential changes in water quality that would result from improvements
in the level of treatment provided at municipal treatment plants for four
stations (12-1, 12-2, 10-1, and 9-2) to demonstrate the pollutant loadings
in the Calumet-Sag Channel, the Chicago Sanitary and Ship Canal, and the
DesPlaines River.

\-1V-48
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(a) The base flow (that flow which does not have a treatment plant
as its source) is zero at low flow conditions in Illinois. This assumption
stems from the findings of the Minimum Hydrologic Flow inventory. The
seven-day, ten-year low flow analyses are based on data taken some time
ago. Since that time the base flow has decreased markedly. Increased
mining of ground water, which is the major source of base flow, has
caused the decrease.

There has been no obvious change in the base flow at low flow conditions
in the State of Indiana. Thus the low flows identified were judged to be
adequate for Indiana waterways, and the difference between the observed
seven-day, ten-year low flow and the total flow contributed by treatment
plants upstream of each control station is used as the base flow of that
control station.

(b) The low flow for each treatment plant is two-thirds of the design
average flow reflecting daily and diurnal flow variations. The average
treatment plant flows used were derived from the inventoried STP data.

(c) The 1990 low flow projections for treatment plants are derived
as follows:

1990 flow = 1990 population in TWP x 1990 per capita flow x 1970 flow
1970 population in TWP 1970 per capita flow

Thus, it is assumed that all treatment plants would remain at the same
location and would expand in proportion to the local population growth.

(d) There is no reduction of the pollutants due to natural purification
in the waterways and there are no pollutants introduced from Lake Michigan.

(e) The flows of dilution water diverted from Lake Michigan through
Wilmette Harbor, Chicago Harbor and Calumet Harbor are assumed to be
137.3, 315.0 and 133.0 MGD, respectively, during the low flow period.

(f) Direct industrial flows to surface waters are assumed to be
absent for the purposes of this task. Industrial flows are accounted for
within municipal treatment systems.

(g) The existing standards effluent quality is assumed in cases
a and c.

FINDINGS

The results of the analysis are categorized by various case numbers
characterizing different effluent qualities. Table A-IV-10 shows the
potential changes in water quality that would result from improvements
in the level of treatment provided at municipal treatment plants for four
stations (12-1, 12-2, 10-1, and 9-2) to demonstrate the pollutant loadings
in the Calumet-Sag Channel, the Chicago Sanitary and Ship Canal, and the
DesPlaines River.
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