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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 - Enviromnmental 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 Sumary Report. Also capsulized are the views
of citizens presented at public meetings.

The Summary document presents an overview of the entire study.




PREFACE

/ l'I‘his appendix presents the planning concepts and procedures used in
developing a range of alternative wastewater management plans for the
Chicago-South End of Lake Michigan<€-SELM)sarea. ~The findings of this
study do not mean that any of the altemnative plan} investigated would
be constructed. Rather, the results are offered as a planning framework
from which the area's decision-makers can select a system consistent with
the national water quality goals and objectives set forth in the Federal
Water Pollution Control Act Amendments of 1972.> Final decisions as to
which altemative, if any, is best suited to a particular part of the area
and most acceptable to the people is left to the State and local govern-
ments which now have that responsibility.

The plan formulation process was as complex and elaborate as the
problem it intended to solve. Significant efforts were made to assure
that the approach be totally uncommited to any specific system aspect;
and that environmental and institutional considerations, together with
an extensive public participation and inter-agency coordination program
be an integral part of the study.

Project elements of the framework plans were progressively refined
by integrating the design with the needs of the area and the technical
goals of the program. Throughout the process, the multiple-use concept
of the water and related land resources was a predominant planning
principle. }~The evolved wastewater management plans demonstrate: (1)
the manner and extent to which the area's water and related land
resources can be effectively managed in order to meet future water needs
and “waste®-oriented functions and services; and (2) the range of implica-
tions, including social, environmental, natural resources, institutional,
and economic that would be involved in fulfilling the technical goals and
satisfying the area needs.
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SECTION T - INTRODUCTION

AUTHORITY

This study was authorized by Congressional resolutions from both
the House and Senate Public Works Committees dated 10 and 23 November
1971, respectively. Included in the language of the Senate resolution
was the mission to "Evaluate general alternatives for the management of
wastewater on a regional basis, including the elimination of pollutant
discharges."

PURPGSE

The purpose of this study is to identify and evaluate viable
alternative wastewater treatment technologies and systems that: (1)
would eliminate the discharge of pollutants into the lakes and streams
of the Chicago-South End of Lake Michigan (C-SEIM) area; and (2) could
be incorporated into areawide or regional plans. Also examined is the
potential for multiple-use planning, from both a resource conservation
and reuse standpoint. All of these considerations are contained in the
Federal Water Pollution Control Act Amendments of 1972 (Public Law 92-500)
recently enacted by Congress. In addition, altematives responsive to
‘current water quality standards and guidelines were evaluated. This was
done in order to identify the implications of the new national water
quality goals and as a planning service to the study area.

SCOPE OF STUDY

This is a planning study only. It is intended to assist the States
and local agencies in northeastern Illinois and northwestern Indiana who
are responsible for planning wastewater management systems responsive to
the provisions of PL 92-500. Such technical assistance should help
designated agencies meet the requirements of Section 201(g)(2)(A) of
PL 92-500 which stipulates that after 30 June 1974, requests for Federal
grants must demonstrate that (1)...''altemative waste management tech-
niques have been studied and evaluated...'; and (2)'"...the works proposed
for grant assistance will provide for the application of the best
practicable waste treatment technology over the life of the works..."

The study, and this appendix in particular, document the objectives
and strategies used: (1) the plan-formulation process; (2) to establish
the basis for system design; and, (3) to assess and screen the array of
alternatives considered during the course of this investigation. Each of
the altemative systems were structured to meet the long-term needs for the
year 2020. Final design, though, was based on the more immediate requirements
of 1990. During the course of the study, the alternatives were evaluated
from several different frameworks of consideration so as to identify the
trade-offs involved in establishing areawide treatment systems. The
evaluations involved assessments of costs, social-environmental effects,

C-I-1




resource use and conservation, institutional aspects, management options,
multiple-use opportunities, public response, phasing and implementation
programs, and considerable related technical data. Accordingly, these
findings can be used by the States and local entities in selecting a
wastewater management program best suited to their needs.

PARTICIPATION AND COORDINATION

This study is complex, not only because it addresses highly technical
issues concerned with wastewater treatment, but also because it includes
consideration of related items dealing with environmental concerns, social
aspects and regional needs. To effectively investigate the many facets
involved in the study, the Chicago District sought and received assistance
from numerous sources. These included interested Federal, State and local
agencies; consultants under contract; representatives of commerce, industry
and the academic community; farm leaders; environmentalists; and the public
in general. While most of this assistance came from the study's Advisory
Commi ttees and Work Groups, a significant contribution was made through
public forums and meetings. This participation is explained in greater
detail throughout this and other appendices. This assistance was appreciated
and helped strengthen the quality and results of the study.

PRIOR STUDIES AND REPORTS
GENERAL

There are numerous studies which have been conducted by other
agencies or organizations concerning various topics pertinent to this
study. These topics ranged from land use and population growth to
regional wastewater management plans as well as the future programs of
the local municipal and Sanitary Districts. In addition, the need
inventories from the Upper Mississippi River Comprehensive Basin Study
and the ongoing Great Lakes Basin Commission Study were used. These basin
studies established a framework for development based on the cooperative
effort of those Federal, State and local agencies concermned with the
regions' resource management. Since all of portions of the C-SELM area
were included, the findings of these two reports served as this study's
framework for reuse considerations.

FEASIBILITY STUDY

Early in 1971, the Corps of Engineers in cooperation with the U.S.
Environmental Protection Agency (USEPA) undertook five pilot planning
studies to examine the feasibility of regional wastewater management
alternatives for five key urban areas across the nation. The Greater
Chicago Metropolitan Area and its environs was one of the sites investi-
gated. That study was completed in the summer of 1971 and published
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as a two volume report entitled: ''Altematives for Managing Wastewater
in Chicago-South End Lake Michigan Area, July 1971."" The study
recognized that improvement of the water pollution abatement program
was a matter of high priority in the nation's overall commitment to
improve its environment and enhance its quality of life. To achieve a
more effective pollution abatement program, the study explored alter-
native wastewater management systems that extended beyond the present
level of area-wide control. This included the examination of providing
treatment beyond the level being considered in local plans and involved
three different technologies, (Advanced Biological, Physical-Chemical,
and Land). While all three technologies were capable of attaining the
desired objective and level of treatment, it was concluded that a more
detailed planning effort (this study) should be initiated:

1. To fill identified information deficiencies;

2. To answer concemns regarding the effectiveness of various
treatment processes;

3. To develop a full range of alternatives and then compare the
implication involved with emphasis placed on gathering information on
certain systems and components; and

4. To investigate institutional considerations and include

suggested modification to institutional arrangements for implementation
of plans.

C=1-3




SECTION 11 - BACKGROUND INFORMATION

Prior to the initiation of this study, information pertinent to the
study area and engineering considerations were obtained. This information
is presented in Appendix A and summarized below. It is provided to
establish an overview of the planning environment.

STUDY AREA

The study area extends from the Wisconsin border through portions of
I1linois and Indiana, around the southwestern and southern perimeter of
Lake Michigan to the Michigan stateline. As such, the wastewater manage-
ment study encompasses some 2,600 square miles and includes all or portions
of four counties in Illinois and three counties in Indiana. Within these
counties, there are nearly 90 townships with a 1970 population of about
7-1/4 million people.

The plan-formulation of a wastewater management system, however,
involved consideration of a much larger geographical area. In developing
a wide array of alternatives, attention was directed to the various options
available in designing the functional components of the systems. This, in
turn, required consideration of planning concepts that would impact on
sites outside the study area boundary. As a result, a much larger area of

‘influence was involved in the planning efforts; one generally encompassing

the tier of counties adjacent to the C-SELM area. Included in the outlying
area were some 12 counties, 8 of which were in Illinois; the remaining four
in Indiana. Together these 12 counties have a land mass of some 6,930
square miles and a 1970 population of approximately 670,000.

The C-SEIM study area and outlying area of influence are shown in
Figure C-II-1. Not shown are the more distant counties of Knox and
Fulton Counties in Illinois and Clay County in Indiana where surface
mines provide potential for effective recycling of the residual wastewater
treatment by-products (sludge).

CHARACTERISTICS OF STUDY AREA
TOPOGRAPHY AND DRAINAGE

The topography of the C-SEIM area is comparatively flat with poor
definition existing between some of the watersheds. This lack of
separation or elevation was caused by the glaciers which passed through
the area. As the glaciers melted, they overlaid the area with drift
material, some of it ranging in depth upwards to 400 feet. As a result,
the few hilly areas that do exist are made up of broad, low ridges and
contain numerous lakes and swamps.

C-11-1
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The streams which drain the area, either fiow to the Illinois River,
or Lake Michigan, as shown on Figure C-1I-2. Major tributaries to the
I1linois River include the Chicago, Des Plaines and Du Page Rivers plus
the Cal-Sag Channel, all of which drain generally south. Portion's of the
Grand Calumet and Little Calumet Rivers are tributary to both the Cal-Sag
Channel and Lake Michigan. Several small streams along the Lake Michigan
shore are directly tributary to the Lake.

The climate in the study area is predominantly continental, with
warm summers and relatively cold winters. Lake Michigan does exert a
partial modifying effect on the climate. The average annual temperature
and rainfall are S50°F and 33.18 inches, respectively, as measured at the
Central Weather Bureau Station at Midway Airport. About one-tenth of the
total annual precipitation is snow.

POPULATION AND LAND USE

The study area lies almost entirely within the Chicago, Illinois-
Northwestern Indiana Standard Consolidated Area (SCA) as defined by the
Census Bureau of The U.S. Department of Commerce. A small portion of
LaPorte County, Indiana, outside of the SCA is also within the C-SELM
area. The SCA includes Lake, Cook, DuPage, Kane, Will and McHenry
Counties in Illinois, and Lake and Porter Counties in Indiana.

Present and projected land use, aside from industrial requirements,
are categorized as residential, regional open-space, agricultural and
vacant lands. The two major regional planning agencies have developed
plans for future land use in which they emphasize that developments should
follow transportation corridors with open-space and recreational acreage
between them. Figure C-1I-3 shows the anticipated trends in population
and land use (urban, suburban and rural) for the C-SELM area during the
next 50 years.

For purposes of this study, urban areas were defined as high-density
residential and heavy industrial sectors. These areas included either
population densities of greater than 5,000 persons per square mile or
sectors used intensively for manufacturing. The suburban areas were
categorized as lands devoted mainly to residential development (including
high rise apartments) with some light commercial usage. In this case,
population densities ranged between 2,000 and 5,000 persons per square
mile and included moderate commercial and, possibly, some manufacturing
commitments. The rural areas involved all population densities fewer than
2,000 persons per square mile and included agricultural areas as well. The
time-phased distribution of the land-use categories within the study area
for 1990 and 2020 are shown in Figures C-1I-4 and C-I11-5, respectively.
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ECONOMIC ACTIVITY

The foundation of the study area's economy is its diverse industrial
complex. Presently, industrial jobs account for approximately 40 percent
of the wages and salaries eamed in the area. The primary industry groups
as ranked by employment and value of output are displayed in Table C-II-1.
The major industry, on the basis of value of production, is primary metals
which also leads in volume of wastewater discharge. The next three
ranking industry groups, electrical eguipment, non-electrical machinery
and fabricated metals, are all linked directly or indirectly to the primary
metals industry. Future industrial growth in the Chicago Metropolitan Area
is expected to continue at a rate above the national average.

The major industrial growth areas beyond the 1970 decade will be in
those counties, or sections thereof, which have vacant land in greatest
abundance. The central city, even with land clearance projects, will be
unable to create sufficient vacant land to accommodate those industries
demanding city locations. The Lake Calumet Region on Chicago's far south
side will play a key role in the city's future industrial expansion.

In Indiana, Lake County's heavy industry will continue its dominant
role. The largest industry group, blast furnaces and steel mills, is
expected to increase production by 73 percent from 1970 to 2020. Porter
County industry is expected to grow at a rapid pace in the future. Its
new deep water Great Lakes Port, in combination with the existing rail
and highway networks and available open land, is expected to stimulate
industrial growth. LaPorte County's industrial center is within the
C-SEIM area. Its principal industries will continue to be metal related.
This area's growth relative to the entire study area is expected to be
greater because of its available undeveloped land coupled with its
established industry.

EXISTING WASTEWATER MANAGEMENT FACILITIES

There are 132 municipal sewage treatment plants of one million
gallons per day (MGD) capacity or greater now operating in the C-SEIM
study area. These municipal wastewater treatment plants provide secondary
treatment in most cases. Usually, this results in an 85 to 90 percent
reduction of the Biochemical Oxygen Demand (BOD) and Suspended Solids (SS)
content of the raw wastes entering the plants. Industrial wastewater is
generally treated by the user industry itself, although some is treated
by the municipal plant servicing that area. In addition, approximately
400 square miles of the study area are serviced by combined sewers which
carry both wastewater and storm water runoff. Combined sewer systems
are designed to spill excess flows into a receiving stream whenever the
sewer's capacity is exceeded. Typically, combined sewers deliver dry
weather (municipal) flows to an interceptor sewer which conveys the flow
to the treatment plant; but rainfalls of only 1-1/2 to 2 times dry weather

C-II-8




TABLE C-1I-1

INDUSTRIAL EMPLOYMENT AND OUTPUT
CHICAGO METROPOLITAN AREA 1/

Value

Standard Industrial ‘mployment Added

Classification ; T3T,000,000)  Rank 3
20 Food 83.0 6 1,681.3 4 |
23 Apparel 27.0 13 228.1 13

24 Lumber o3 18 2.5 16

25 Furniture 5.6 17 68.4 15 ?
26 Paper § Allied Prod. 33.2 10 431.5 10 |
27 Printing § Publishing 91.0 5 1,416.0 6

28 Chemicals § Allied Prod. 45.2 7 1,308.8 7
| 29 Petroleum Refining 11.9 15 345.2 13

30 Rubber § Misc. Plastic 30.2 12 349.2 11 v
31 Leather § L. Prods. 6.6 16 741 14 )
32 Stone, Clay § Concrete 24.6 14 349.2 11

33 Primary Metals 136.5 2 2,146.3 1

34 Fabricated Metal 116.3 4 1,583.2 S

35 Non-electrical Mach. 124.4 3 1,760.8 3

36 Electric Equipment 163.6 1 1,926.1 2

37 Transportation Equip. 33.4 9 685.5 8

38 Instruments § Related Prod. 34.3 8 539.5 9 i
39 Misc. Manufacturing 31.8 11 345.3 12

1/ Census of Manufacturers, 1967; Chicago SMSA: Gary, Hammond, East
Chicago SMSA
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flows, a fairly common occurrence, result in overflows to the waterways.
Moreover, most sewage treatment plants have facilities to by-pass raw
sewage when the volume of wastewater arriving at the plant exceeds the
plant's treatment capacity. Thus, the combined impact of overflows and
by-pass on stream water quality is significant.

CURRENT PLANS AND CONSTRAINTS

To insure that the wastewater management study was responsive to
local objectives and concems, the area's plans and constraints were
cxamined. Where feasible, these proposals and requirements were incor-
porated into the study's plan-formulation process.

Many plans have been proposed for meeting various portions of the
area's needs but legal problems, political feasibility and funding have
prevented their implementation. There are two agencies responsible for
the regional planning efforts for all but one (LaPorte, Indiana) of the
seven counties in the study area. The agencies are the Northeastern
[1linois Planning Commission (NIPC) and the Lake-Porter County Regional
Transportation and Planning Commission (LPCRTPC) in Indiana. Studies
completed by these two agencies have indicated the utility of a regional
resource management approach.

A study by NIPC has established a suggested regional plan for
wastewater management. It would consolidate the existing treatment
systems, expand and upgrade some of the existing facilities and construct
some new plants to replace those that would be abandoned. Inherent in its
design is the intent to control the area's growth pattern by limiting
access to the collection and conveyance system. In this way a land-use
control could be adopted that would maintain open-space usage between
corridors of urban and suburban development.

Open space has more than a social and environmental value. The
open-space areas can also be used to hold water permanently or on a
temporary basis. When this is done, the low-1lying areas including flood
plains can serve to minimize the damage from storm water runoff. Both
NIPC and LPCRIPC have these types of multiple-purpose open-space plans
to balance and control growth.

The Metropolitan Sanitary District of Greater Chicago (MSDGC) is
currently improving its system's operational and treatment level.
Included in its upgrading program is the ''Chicago Underflow Plan''.
This plan involves the construction of a tunnel system, reservoir
storage and additional treatment facilities. Implementation would |
greatly reduce the flood and pollution control problems caused by |
overflow from its existing combined sewer system.

C=L1~10




Additional expansion and updating of existing treatment facilities
are being planned in other portions of the study area. All are needed
to meet current State water quality standards or guidelines. However,
these upgrading programs are being designed on an individual basis
rather than as a component to a regionalized system. This can only
result in localized solutions to a regional problem.

The recrcational value and usage of most streams in the area have
been limitec hecause ot the water quality and lack of public lands.
Most of the tim , Jdischarge ‘rom the existing treatment plants make up
most, if not all, of the stream flow. Since the quality of discharge .
is below current State standards, the aquatic ecosystem and fishery value
is limited in many areas. At the same time, the urban-suburban buildup
has increased the storm water runoff and with it the flood hazards. Thus,
even the recreational usage of the flood plain is limited. If the streams
are cleaned up and the flood hazards reduced, an extensive recreational E
program could be implemented. Both States are interested in improving
the quality and quantity of fishery production of the area's streams.
Included are salmon (coho) programs on same of the streams tributary to
Lake Michigan. Other governmental levels have expressed interest in such
programs as fishing ponds, recreational stream corridors and acreage for
parks and preserve areas. In recent years, most of the recreational
developments that serve the urban demand have been provided outside the
metropolitan area. The economics and availability of suitable water
and lands have been the main reasons for this. Now, other competitive
demands are reducing the availability of those remaining recreational
sites. Nevertheless, until the natural resource bases of land and
water are restored, the potential for meeting the recreational needs
within the study area will be minimal.

Lake Michigan and local ground water are the two sources for the
area's municipal and industrial water supply requirements. The Lake
water is the primary source because of its quality and guaranteed
availability. Its usage, however, differs between States. While there
is some groundwater consumed, most of Indiana's supplies come from the
Lake. These withdrawals are treated and ultimately returned to the Lake
with the notable exception of the Hammond Sanitary District service area.
The situation for the Illinois portion is more complex. In the past, the
City of Chicago constructed diversion canals to prevent the discharge of
polluted flows into Lake Michigan. This involved diverting the Chicago
and Little Calumet Rivers and tributaries to the I1llinois River and
providing control locks and dams at three points. See Figure C-I1I-6.
These control structures divert Lake Michigan water to maintain sufficient
flows in the Upper Illinois (River) Waterway system and also provide

) navigational access to and from the Lake. With growth and increased
usage, the amount of Lake diversion now has been restricted to an average

C=IT=11
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3,200 cfs by the U.S. Supreme Court. Since Lake withdrawals for water
supplies count against the diversion limit, increased usage of ground
water has become a necessity. Unfortunately, water usage is already
exceeding the recharge capability of the ground water aquifer in the
westem portion of the Illinois area. Therefore, additional sources
of potable water are needed or the allowable Lake diversion must be
reallocated.

DATA BASE

In addition to inventorying the existing treatment facilities,
including collection and conveyance systems, projections were made of
future water usage and the resultant wastewater volumes. This, together
with other pertinent resource data, provided the basis for the planning
and design efforts that followed.

The geographical location of the population and industrial projec-
tions were kept consistent with the availability of land and local land-
use plans. Moreover, the population projections were disaggregated (sub
allocated) to the township level in order to facilitate the determination
of mmicipal wasteloads. Then, the study area was divided into 22
wastewater management watersheds. See Figure C-II-7. The boundaries
generally followed the natural divides of the watershed areas with some
exceptions. The most notable exception to this is watershed No. 4, whose
boundaries are drawn along the combined sewer service area boundaries of
the MSDGC. Table C-II-2 presents the description of these watersheds,
including the drainage areas, total (1970) populations, and total popu-
lations served. Table C-II-3 summarizes the anticipated C-SELM waste-
water flows for the time frame 1980-2020. Included are projections for
both the mmicipal and industrial flows in each of the 22 watersheds.

The industrial figures were considered preliminary, subject to coordination
with the major water using industries conceming the degree of recycling
that could be expected in the future. Additional information regarding
the projected wastewater flow volumes and constituent characteristics can
be found in Appendix B.
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TABLE C-11-2
MANAGEMENT WATERSHEDS

Total Estimated Estimated
Total Popu- 1 Present Design
Drainage Popu- lation Average Capacity
Watershed Area lation served Wastewater  Average
Number Description (Sq.Mi.) (1000's) (1000's) Flow (MGD) (MGD)
1 Lake Michigan - North 59 121.5 138.6 18.76 19.83
2 North Branch
Chicago River 92 187.1 60.1 7.5k 9.05
3 DesPlaines River - North 249 292.7 49.58 5.15 TelS
4 Chicago Tributary 375 4143.0 5424.0 1369.0 1920.0
5 DesPlaines - Middle 82 304.5 = =
6 Salt Creek 119 260.9 143.8 17.20 20.31
7 East Branch DuPage
River 93 147.2 117.20 12.62 15.66
8 West Branch DuPage
River 124 120.1 108.20 14.68 13.45
9 Main Stem DuPage River 181 51.8 6.6 0.66 0.99
10 Sani § Ship Canal -
North 76 196.2 58.03 6.05 8.03
11 Cal-Sag Channel - North 51 1Siie 7 = = 5
12 Sani § Ship Canal -
South 100 40.3 25.4 2.64 3.21
13 Cal-Sag Channel - South 43 58.5 = - =
14 Hickory & Spring Creeks 117 102.6 93.4 19.14 23.67
15 Jackson Creek 108 44.8 1.6 0.16 0.23
16 Thorn & Deer Creeks 100 299.2 15754 W/a7at 22.71
17 Little Calumet - Westl 31 6.0 0.8 N.A. N.A
17.1 Little Calumet - West? 32 41.8 7.55 0.73 N.A
18 Indiana Harbor 140 417.30 475.0 88.40 120.6
19 Little Calumet - Middle 143 750 11.0 1.8 1.8
20 Little Calumet - East 173 69.5 24.7 3% 8 4.5
21 Indiana Dunes 46 50.6 63.0 8.3 N.A
22 Trail Creek 49 34.7 - = =
TOTAL 2,594 7,217.0 6,965.96 1,594.13 2,191.97

lthe total population served by a sanitary treatment plant (STP) in a particular
watershed may be greater than the population residing in that watershed since the service
area of the STP may encompass more than one watershed.
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SECTION III - STUDY GOALS
STUDY VALUE

The long-range national water quality goal established by PL 92-500
seeks to eliminate the discharge of pollutants into navigable waters by
1985. It also encourages the development and implementation of area-wide
wastewater treatment management plans to assure adequate control of
pollutant sources and, implicitly, economies in cost. Furthermore, the
law stresses the desirability to incorporate conservation practices into
the treatment system design. This could involve:

1. the recycling of nutrients combined in the wastewater;
2. the reuse of the treated water, and

3. the combining of system components with other resource commit-
ments that provide additional social, environmental or revenue-producing
retums.

Therefore, the primary objective of this study was to develop
alternative wastewater management systems that would treat 1990 waste-
loads, yet still be capable of being expanded to meet 2020 requirements
in the most cost effective manner. The levels of treatment would be
designed to achieve a technical goal approaching ‘mo discharge of
critical pollutants' (NDCP) as well as current requirements with major
emphasis placed upon plans to meet the higher technical goal. Con-
currently, system design also provided the basis for maximizing the
efficient reuse of the reclaimed resources. Accordingly, during the
study's plan formulation process, components of the wastewater management
altematives were progressively refined by incorporating the design with
the resource requirements of the area. In fact, throughout the process,
the multiple-use of the water and related land resources was a predominant
planning interest. The evolved wastewater management plans demonstrate:
(1) the manner and extent to which the area's water and related land
resources can be effectively managed in order to meet future water uses
and "waste''-oriented functions and services; and (2) the range of impli-
cations, including social, environmental, natural resources, institutional,
and economic that would be involved in fulfilling the technical goals and
satisfying some of the area's water-related requirements.

The findings of this study do not mean that any of the alternative
plans investigated would be constructed. Rather, the results are offered
as a planning framework from which the area's decision-makers can select
a system consistent with the national water quality goals and objectives
set forth in PL 92-500. Final decisions as to which alternative, if any,
is best suited to a particular part of the area and most acceptable to
the people is left to State and local governments.
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TEGINICAL GOAL
WATER QUALITY STANDARDS

In the comparatively brief historv of concern over the pollution
of our nation's water resources, a continual evolution has taken place.
Water quality standards, in lieu of anv other method, has become the
basic control for restoring the aquatic environment. There are two types
of standards now in use: (1) "Stream Water Quality Standards'; and
(2) "Effluent" Standards. Both can be variable as to their requirements
and are generally used for control of a specific geographical area and
portion of a stream.

[he stream water quality standards are established so as to main-
tain specified beneficial uses in streams, with consideration of the
"assimilative capacity' (dilution) of the receiving waters an integral
part of the standard setting process. There are many other considerations
involved in this process, of which, the more important are: state of the
art for specific constituent removal; effects on the environment; cost
and economy of the area. Consequently, the established stream standards
are generally a compromise between conflicting interests and represent the
result of a conscientious effort to resolve the complex issues involved.

The effluent standards are the more recent type of control adopted,
and reflect the attempt to enforce water quality at the source of
potential pollution rather than in the receiving waters. Its usage
also tends to place a more equitable burden on the water users. These
standards inherently include virtually all of the considerations involved
in setting stream water quality standards, including the indirect contri-
bution of the assimilative capacity of receiving waters.

The State of Illinois presently employs botl. kinds of standards.
The State of Indiana generally uses only stream water quality standards,
though special provisions for treatment requirements have been specified
for specific locations. The current level of treatment in the study area
also will vary, depending upon the receiving stream. In general, those
plants discharging into streams tributary to the Illinois River are
designed to provide the equivalent of secondary treatment. A higher level
of treatment is required on streams tributary to Lake Michigan.

NO DISCHARGE OF CRITTCAL POLLUTANTS

Definition of Treatment Goal

To reverse the continued degradation of our water resources and
facilitate the reuse of the treated water, required setting the equivalent
of a new effluent standard. The standard would be representative of the
NDCP water quality goal. The concept of standard, as used herein, is a
basis against which to design the treatment process. Selection of the




various wastewater constituents to be controlled together with the critical
levels of concentration were based upon natural background levels of the
watercourse into which the effluent was to be discharged. Also included
were those specific constituents that could be highly toxic or otherwise
injurious to the environment at trace levels. These levels were applied

as the study's technical goals (water quality) with the exception that:

(1) if current state water quality (effluent) standards were higher, these
standards were applied; or (2) if the environmental scan provided the basis
for allowing levels of constituents that were higher than natural levels
but not highly toxic or otherwise injurious to the environment, these
levels were applied.

Because the study was set within the planning framework of 2020
needs, the lists and acceptable levels of critical pollutants are more
detailed and demanding than existing standards. As the basis of design,
three groups of constituents and applicable acceptable levels were
established through a literature search. The search involved a pro-
cedure for selecting desirable levels for human consumption as defined
from the Public Health Service Drinking Water Standards. Other sources
were examined to determine desirable levels for additional usages such
as irrigation water, livestock water, and aquatic habitat. The most
stringent level for each constituent was chosen from these four categories
‘as possible water use. These levels were then defined as effluent levels
to be achieved. Thus, when the equivalent of natural background levels
or conditions for a particular watercourse could not be determined, the
preceeding effluent levels were used. '

While these treatment goals are similar in intent to the national
goal established by PL 92-500, they are not the result of that legislation.
Rather, these goals were established for this and other pilot studies
authorized approximately one year prior to enactment of the law. Con-
sequently, the specific water quality effluent requirements do not
represent federally accepted or adopted standards.

Available Technologies

Concurrent with the establishment of the treatment goal, attention
was directed to the methods by which this goal could be achieved. There
are three basic technological approaches which can be used to attain the
treatment standard. These are: (1) an Advanced Biological treatment
plant system; (2) a Physical-Chemical treatment plant system; and (3) a
Land treatment system.

None of the three are new or unique in concept. The unit processes
of each system can be found in various parts of the nation and the world.
What is comparatively new is (1) the combination of these systems' unit
processes to achieve the treatment desired and (2) the scale to which
these systems would be applied.

C=111+5




Most of the sewage treatment plants in the study area today achieve
secondary treatment of the wastewater prior to discharge into nearby
watercourses. Conventional Biological treatment is the technology most
widely used. It basically involves a two-step process. The first step,
or primary treatment phase, consists of some form of mechanical screening
and holding basins to remove the trash and settleable solids. The last
step, or secondary treatment, utilizes bacteria to consume the organic
portions of the wastes. Prior to being discharged, the treated effluent
1s usually chlorinated for disinfection purposes.

The Advanced Biological treatment system involves the addition of
various biological and chemical unit processes to the Conventional
Biological treatment plant. The add-on unit processes are designed
to achieve removal of specific constituents. On the other hand, the
Physical-Chemical treatment system uses the principles of physics and
chemistry to accomplish the same functions that the bacteria and other
components perform in biological design. Both of these ''plant"
technologies rely on incineration as an integral part of the process
providing intemal recycling and reducing the volume of sludge generated.
The Land treatment system also adds various biological and physical-chemical
unit processes to the Conventional Biological treatment process. The
wastewater having received the equivalent of conventional secondary
treatment is sprayed on the soil by irrigation equipment for the final
stage of purification. What is unique is that the biosystem of both the
soil and cover crop provide the equivalent of the add-on unit process.
Involved are the complex physical and chemical reactions in the soil, the
biological processes of the soil's bacteria and fungi, and the natural
crop uptake - all of which form the basis for designing the farmer's present
fertility program and cropping practices.

In developing the design of the plant systems, certain basic assump-
tions were made. The most important related to the (1) sequential
arrangements of the unit processes; and (2) design criteria for rating
treatment performance under peak flow conditions. Similar design con-
staints were adopted in the land system for relating the application
rates of the pre-treated irrigation water to the perfommance of the
vegetative cover, soil column, and soil organisms. The various unit
processes and sequential arrangements included in each of the three
advanced treatment systems are graphically illustrated in Figures C-I1I-1
through C-III1-3. Detailed discussions of each technology can be found
in Appendix B.

Basis for Adopted Effluent Standard

The study's effluent goals were generated by the Office, Chief of
Engineers, U.S. Army Corps of Engineers specifically to provide the water
quality requirements that would assure the elimination of pollutant
discharges on a regional basis. C(onsequently, the three groups of
constituents selected for the basis of design included: (1) Constituents

C-1I11-4
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that should be absent from the wastewater effluent (Table C-III-1) (In
this context, absent means not detectable by standard testing methods
and current techniques); (2) constituents that together with those
constituents listed in group one provide a base water quality control
for the study (Table C-III-2); (3) constituents that should be given
particular consideration (Table C-1I1-3) as warranted by their impact
in a region.

The constituents and levels contained in these tables were developed
as guidance for the wastewater management program. Implicit was the fact
that the levels in the second and third groups would be regarded as goals
in determining the maximum acceptable levels for design, and that these
levels may be relaxed upwards if an environmental scan indicated no
adverse effect would occur. At the same time, it was recognized that
there was very little, or no, information available as to what constitutes
the present background level, or even an acceptable level of concentration
for these constituents. This was due to an historic lack of adequate
monitoring efforts and the high cost of analyses. Furthermore, concern
for the presence of some constituents (e.g. mercury) is quite recent, and
as of vet, is inadequately documented. The state of the art is expanding,
but the relationships of constituent levels and biological consequences
are inadequately defined. Synergistic or antagonistic effects of two or
more constituents on the biota through the whole spectrum of the food
chain, and the concepts of biostimulation and biomagnification, are
largely untested. Studies on these effects are sporadic and results are
often conflicting, if not contradictory.

Therefore, for this level of planning, it was decided that a list
ot critical pollutants should be selected - one which would adequately
represent the spectrum of constituents contained in Tables C-III-1, 2
and 3. Then, during the preconstruction design phase, additional
constituents could be added, dependent upon the state of the art at
that time. Accordingly, the foregoing list of constituents were reduced
to some 14 types of pollutants. These included:

Total Dissolved Solids Organic Nitrogen
Biochemical Oxygen Demand Phosphates

Chemical Oxygen Demand Oils and Greases

Heat Phenols

Color Suspended Solids

Nitrates Coliform Bacteria (Total)
Ammonia Heavy metals and '"Exotics"

These pollutants, together with the level of concentration recommended

as the treatment goals, are shown in the first two colums of Table C-I1I1I1-4.
[he next three colums of the Table shows the results of the environ-

mental scan and study of background levels under the heading: ''Ultimate
Water Quality'. f'he environmental scan demonstrated sensitivity for

C-111=-8




TABLE C-III-1
GROUP 1 CONSTITUENTS (absent 1/ from effluent)

Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Cyanides
Lead
Mercury
Molybdenum
Nickel
Pesticides (Chlorinated Hydrocarbéns)
Phenols
Selenium
Silver
Thallium
Tin
Titanium
Zinc

1/ Absent means not detectable by standard testing methods and current
techniques.

C-I11-9




TABLE C~1TT-2

BASE WATER QUALITY CONSTITUENT (GROUP 2) LEVELS

Cons tituent _Effluent Level
Total Dissolved Solids (Less than) 500 mg/1
Biochemical Oxygen Demand 2 mg/1l; BOD Level
Heat Plus or Minus 1°C of Ambient Temperature
Color 75 Color Units
Nitrates and Nitrites 4 mg/l total
Ammonia as Nitrogen 0.1 mg/1
Organic Nitrogen Sum with Nitrates § Nitrites - 10 mg/1
Phosphates 50 mg/1 entering a lake
100 mg/1 entering a flowing stream
Oils and Greases Trace
Fecal Coliform Organisms 200 per 100 ml
Suspended Solids 2 mg/1
C-III-10




TABLE C-III-3

CONSTITUENT (GROUP 3) LEVELS WARRANTING CONSIDERATION

Constituent
Virus
Surfactants
Fecal Streptococci
Tastes and Odors
Floatables
Settleable Solids
Volatile Solids
Gamma Radiation
Alpha Radiation
Beta Radiation
Turbidity
Alkalinity
Carbon Dioxide
Sulfates
Calcium
Chlorides
Sodium
Magnesium
Flourides
Aluminum
Bicarbonates

Manganese

GoLE =L

Effluent Level

Inactivated, but trace present
Trace
Inactivated, but trace present
None Offensive
None
Trace
Trace
Trace
1 pEay/l
100 pCi/1

5 Jackson Units

100 to 130 mg/1 at pH between 6.0 to 7.0

25 mg/1
10 mg/1
30 mg/1
250 mg/1
10 mg/1
125 mg/1
From 1.7 mg/1 € 10°C to .8 mg/1 @ 30°C
1 mg/1

Plus or minus 50 mg/1 over ambient conc.

.5 mg/l
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eutrophic water quality conditions and concomitant need for setting a very
low concentration limitt on soluble phosphorus. Likewise, the permissible
ammonia nitrogen concentration is quite low because of nitrogeneous oxygen |
demand and the toxic limits imposed by common fish species. Therefore, |
the concentration levels shown represent the limits on ultimate water
quality as best as can be defined with present knowledge. These quality
levels are use oriented, and include consideration of the aquatic habitat,
public water supply, recreation and agriculture as controlling water uses.
The sources of information for developing ultimate water quality levels
are also shown.

The last three colums of the table show the expected performance
levels for the three technological processes under consideration, i.e.,
Advanced Biological, Physical-Chemical and Land treatment systems. Per-
formance data for the Advanced Biological treatment were based primarily
on small scale operating systems, and for the Physical-Chemical and Land
treatment on limited small scale operating experience and engineering
and laboratory studies. Higher performance may be attainable by each
process.

Table C-III-4 also provides a comparison between effluent goals,
.the ultimate water quality levels developed through environmental scan
and study of background levels, and the performance levels used for design
(NDCP goals) which include the additional consideration of best available
technology. A comparison of these various constituent levels indicates
the following:

Heat: The effluent goals call for 1°C (1.89F) variation above or
below ambient temperature, the ultimate water quality level is specified
at 3 - 5°F above ambient temperature, and the performance levels specified
for design are 53 - 78°F for the Advanced Biological and Physical-Chemical,
and 55 - 70°F for Land treatment technology. All of these values are
within the range of a general requirement that can be established without
reference to specific location and biota to be protected. Additionally,
the ultimate water quality level is in agreement with the National
Technical Advisory Committee report (FWPCA, 1968) on water quality criteria.

Nitrogen Forms: The effluent goals call for less than 4 mg/l total
for the sum of nitrate and nitrite nitrogen, less than 0.1 mg/l for ammonia
nitrogen, and less than 10 mg/1 total for organic nitrogen including the
sum of nitrate and nitrite nitrogen. The ultimate water quality levels
specify 10 mg/1l, and less than 1 mg/l1 for the first two nitrogen forms,
respectively, and less than 0.3 mg/l1 for organic nitrogen. The performance
levels, on the other hand, indicate 2 - 5 mg/l for Advanced Biological,

2 mg/1 for Physical-Chemical and Land technologies for the nitrate plus
nitrite nitrogen, 0.3, 0.5 and 0 mg/1, respectively, for ammonia nitrogen.
Of these three technologies, only the Land treatment meets, and exceeds,
the most stringent requirements. However, the concentrations shown for
the treatment plant technologies are also below the ultimate water quality

C-III-13




levels specified. Of the three nitrogen forms, ammonia nitrogen is the
most critical with regard to toxicity to common fish species.

Phenol: While the effluent goals call for absence, the ultimate water
quality level is specified at less than 0.1 mg/l. Concurrently, the per-
formance levels specified for design are 0.01 mg/1 for the two plant
technologies and an absence for the land technology. The concentration
shown for the plant technologies is below the ultimate water quality by a
factor of ten. The desirability to hold phenols at trace levels stems
primarily from the potential synergistic effects that could result from
the interaction of chlorine and the production of unpleasant taste at as
low as 0.001 mg/1 in drinking water. Conversely, the documented toxicity
to fresh water fish and lower aquatic life is 0.1 mg/l or above. Of the
three technologies, only the Land treatment exceeds the most stringent
requirements.

Arsenic: The effluent goals call for the absence of arsenic, the
ultimate water quality level is specified at 0.05 mg/l, while the
performance level specified for the two plant and land technologies is
0.3 mg/1, and trace, respectively. Toxicity of arsenic to humans is a
function of body weight and has been known to accumulate in the tissues
of many organisms. It is therefore desirable to remove it entirely.
However, the permissible limits are: for drinking water 0.05 mg/1l, and
for irrigation, stock and wildlife watering, and fish and other aquatic
life 1.0 mg/1. The performance levels used for design (0.03 mg/1l) for the
plant technologies are below these standards, as is the land technology
which results in complete removal.

Oils and greases: The effluent goals call for trace only, while the
ultimate water quality level is specified at less than 0.3 mg/1l. The
performance levels specified for design, however, are 1.0 mg/l for the
two plant technologies, and a trace for the land technology. While the 1.0
mg/1 satisfies the criteria, it has been reported that crude oil in
concentrations as low as 0.3 mg/1 is toxic to fresh water fish. Again,
of the three technologies, only Land Treatment exceeds the most stringent
requirements.

Boron: The effluent goals call for the absence of boron, the ultimate
water quality level is specified at 0.5 - 1.0 mg/1, and the performance
level specified for the two plant and land technologies is 1.0 and 0.7
mg/1l, respectively. Boron in low concentrations in drinking water is not
generally regarded as a hazard to human beings, and is an essential plant
micronutrient almost up to concentrations of 1.0 mg/l in irrigation water.
While the performance level for plant technologies does not meet the
effluent quality goal of total absence, it is considered tolerable and in
accord with the ultimate water juality level.




Total Dissolved Solids: Effluent goals, ultimate water quality levels
perfermance levels used for design are in accord at the limit of 500 mg/1
with the exception of the Physical-Chemical technology performance. The
additional 35 mg/1 is considered insignificant for virtually all beneficial
uses of the effluent.

Based on the foregoing, it was concluded that the performance levels
for all three advanced technologies are comparable and, for all intents
and purposes, achieve the same treatment goals. Utilization of different
unit processes make it virtually impossible to achieve identical levels of
constituent removal. Moreover, no differential in impact on the aquatic
ecosystem or other use consideration could be determined relative to the
variations in constituent levels.

POLLUTANT SOURCES

Once the effluent standards for treatment were determined, the sources
of pollutants requiring control also had to be identified. There were
three major categories which affected the quality and/or natural background
level of a watercourse. These were: point sources, in-place sources, and
areal sources.

Point sources pertained to wastewater volumes discharged at a specific
location; be it a collector (pipeline) system or stream outfall. Included
in this category were controlled waste loads from the various mmicipalities
and industrial plants. The volumes and waste constituents were determined
as noted in the preceeding section.

The second category, in-place sources, was more subtle in that it
involved the physical attributes of the watercourses themselves. Of
particular concern in this category were the pollutants that had accumulated
in the stream beds over time. It has been assumed that once a NDCP treat-
ment system is in place and operation, the bottom deposits, especially the
organic material, will stabilize due to anaerobic action. There may,
however, be deposits or specific constituents such as heavy metals or
toxicants which will require other remedial works such as dredging. The
beneficial effects of the stream's increased assimilative capacity in
eventually stabilizing these types of pollutants are not known; related
decisions must be deferred until extensive monitoring has been completed.

The control of areal sources of pollutants was the major differential
between the NDCP and current water quality standards. Prime concern was
the contaminant loading that storm water runoff would contribute to the
area's watercourses if not captured and treated. This consideration would
exclude the amount of storm water that naturally infiltrates into the
collection and conveyance sewer systems. It was recognized, however, that
storm water runoff would become a carrier of the pollutants that are typical
of the geographical area involved - be it urban, suburban, or rural in
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character. Specific pollutant sources would involve septic tank
infiltration fields, fall-out of air-bome pollutants, and the commer-
cial fertilizers used in both agricultural production and the suburban
open-spaces including subdivisions. All of these had the potential of
adding significant levels of critical constituents; enough to temporarily
negate the water quality goal that otherwise would be achieved under the
NDCP system design.

STORM WATER RUNOFF

In determining what, if any, portion of storm water runoff had to be
captured, a search was made of published literature and available study-
related data. Extensive work had been done by the Metropolitan Sanitary
District of Greater Chicago (MSDGC), the Illinois Institute for Environ-
mental Quality, and the Department of Public Works for the City of Chicago
in relation to the pollutant loadings of storm water runoff from combined
sewer systems. The findings supported a need to collect the first 2-1/2
inches of runoff since the flush of contaminants were significantly high
enough to become a definite point source (outfalls) of pollution, even
under existing standards.

The management system in the suburban areas, however, involved
separate collection and conveyance lines; thus, constituent loadings of
separate storm water discharge were needed. Related studies pertinent to
this subject were found, but there were extensive variations in
concentration levels. Most of the variations could be attributed to the
time of sampling relative to rainfall occurrence and whether the samples
were ''grab'' samples or taken on a flow-weighted basis. Consequently, the
results of a study for Ann Arbor, Michigan as reported in the January 1968
issue of the Water Pollution Control Federation Journal was selected as
the basis for this evaluation. The constituent loadings were reported in
the form of flow weighted annual mean values, i.e., level of concentration
correlated to a rainfall-flow relationship. Three constituents, Biochemical
Oxygen Demand (BOD), phosphorus, and ammonia nitrogen were selected as the
key discriminators because of their impact on the aquatic ecosystem
through oxygen depletion and stream enrichment (a phenomenon similar to
eutrophication).

An analysis was done to determmine the effects on the receiving waterways
if the first 2 1/2 inches of storm water runoff was not treated. In this
analysis, two levels of treatment were considered for the 1990 municipal
and industrial projections, local and NDCP standards. Furthermore, the
local standards were subdivided: one reflecting current standards; the
second the most stringent of known effluent requirements in the area -
reflecting long range local planning goals. As such, these treated
discharges reflected the most optimized (quality) base flow condition that
could be expected in the area's waterways. Then using the typical loadings
for the suburban runoff, the applicable concentration (on a weighted flow
value) of the three key parameters were determined. The resultant BOD and
ammonia nitrogen loadings, detemrmined using the stream's assimilative
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capacity for the 7-day, 10-year low flow, exceeded the acceptable concen-
trations levels for not only the NDCP but both local standards. The
phosphorus concentrations were low enough to justify assuming that
additional dilution would maintain the concentration level acceptable
under current standards, but unacceptable for NDCP standards. Based on
this analysis, it was concluded that the storm water runoff in the
suburban area should be captured and treated particularly if the water
quality was to provide for the enhancement of fishery and other stream-
related recreational opportunities. Similarly, the same concept was
applied to the rural storm water runoff where management concerns would
be compounded by the suspended solids and other constituents more closely
related to agricultural production. Without capture of this portion of
the study area's runoff, the stability of the aquatic ecosystem could
not, in all probability, be maintained.

REUSE AND CONSERVATION OBJECTIVES
WATER REUSE

The necessity to capture and treat stomm water runoff in itself
imposed two new conditions. First, it provided a new source with which
to meet the projected water requirements of the study area. Secondly,
it effected a change in the existing streams' flow characteristics and
provided the potential for land-use changes in the flood plain. Based
on the foregoing factors, it became apparent that the wastewater management
system could serve as a primary vehicle to meet the water and related land
requirements. In essence, a more effective water balance for the study
area could be obtained and multiple usage of both the water and land
resources could be realized. In lieu of a detailed water use assessment,
the inventory of needs from the comprehensive studies for the Upper
Mississippi River and Great Lakes Regions were used. Among the water-based
needs cited, flood control, general recreation, fish and wildlife conservation,
commercial navigation, and water supply were pre-eminent. These needs
served as the basic framework for evaluating the potential reuse and
redistribution of the treated water.

The potential for meeting the projected water supply requirement was
primarily a problem associated with the Illinois portion of the study area.
The Indiana portion has no constraints imposed on its use of Lake Michigan
waters. As a result, attention was focused on the requirements for meeting
the Illinois usage. Involved were the institutional constraints of the
Supreme Court decision and the possible need to either change the present
withdrawal allocations or reuse the treated water.

RESIDUAL WASTE BY-PRODUCTS

The constituents removed by the treatment processes are actually the
consumptive wastes from the municipal and industrial usage of our natural
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resources and agricultural products. These residual by-products called
sludges are comparatively high in organic and nutrient value, but also
contain such elements as heavy metals and other industrial by-products.
None of the industrial wastes, though, are available in sufficient
concentrations to prevent their reuse. In fact, these sludges have been
dried and marketed as a fertilizer or an additive to commercial fertilizer.
In the latter case, the sludge is used to provide a slow release of the
nitrogen contained in the organic solids. Accordingly, there is a real
potential for the effective reuse of the residual wastes.

The method of recapture and potential for recycling the nutrients
varies with each of the three treatment technologies. In both plant
processes, the nutrients along with other elements are at least partially
extracted from the wastewater and recovered in the sludge. The sludge
from the Physical-Chemical process is rich in lime, but the nitrogen
and organic matter have been lost by incineration. Consequently, it can
only be used as a soil conditioner. On the other hand, the sludge from
the Advanced Biological plant can be used as a fertilizer and humus
builder since it contains much of the organic matter and nutrients removed
from the wastewater.

The land system achieves a recycling of the waterborne nutrients in
a dual way. Part of the organic matter and nutrients are allowed to settle
out in large storage lagoons like the Conventional Biological systems now
being used. The sludge is similar to that produced by the other
biological processes and can be used as a fertilizer and humus builder.
The remaining reuseable wastes are still in the form of waterborne plant
nutrients and other organic and mineral elements. These nutrients are
then applied by field irrigation and equipment as fertilizer for the
agricultural cover crop.

MULTIPLE-USE OPPORTUNITIES

Another possibility for resources conservation can be realized by
developing the multiple-use potential (add-on features) inherent in the
physical layout or design of a system component. These add-ons represent
an opportunity to meet other area or regional needs with significant
savings in costs and resources. In some cases, the system provides the
resource base with which the dual benefit can be readily attained. In
other cases, the potential for achieving the dual benefit is enhanced, but
additional resource commitments are required. In both cases, additional
investments (although at a lower level) are needed but the opportunity for
realization is greatly improved. Most of the potential for the add-on gain
are dependent upon the technology involved, but a few are affected by other
system components .
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SECTIGN IV - PLANNING OVERVIEW
PLANNING FRAMEWORK

As with any other program involving water and related land resource
developments, this study was directed towards the attainment of the
rultiple objectives cited by Congress. These objectives included the
enhancement of the environment, social well-being and the development
of the regional and national economies.

As noted, the formulation of the alternative wastewater management
systems included an evaluation of multiple-use programs responsive to the
categories of need identified for the Upper Mississippi River and Great
Lakes Basins. Since these basin studies were concerned with the regions'
resource management, they provided an interrelationship between the nation
and the region (with its subdivision) for the production of goods and
services and population distribution. Consequently, any proposal to meet
the requirements of the C-SEIM area would also contribute to the economic
development of both the region and nation.

At the same time, attention was focused on those aspects that make-up
the environment and life-style (social well-being) of the area. This
was done by requiring independent assessments of the socio-environmental
and institutional implications inherent in the alternatives. In addition,
specific add-on programs were investigated that would not only help preserve,
but also enhance the area's physical, cultural and aesthetic characteristics.

BASE APPROACH

The study effort was structured to facilitate the formulation and design
of the alternative wastewater management systems in a logical manner. This
involved organizing the plan-formulation procedure so as to assure a logical
sequence of consideration.

The basic approach was to progressively develop a viable set of waste-
water management plans from an initial set of alternatives that were
successively screened and refined. This reiterative process emphasized a
continuous evaluation of system-related impacts and effects. Involved in
this interface with the planners were the socio-environmental and institu-
tional evaluators as well as the various segments that make-up the general
public. This interaction helped assure that the altermatives retained
for final study would: (1) be as responsive to local, social, environmental
and economic concerns as is possible; (2) contribute to the over-all water
and related land requirements and priorities of the area; and (3) meet
the intent and goals of PL 92-500.

Open planning was maintained throughout the plan-formulation process

in order to provide all segments of the public an opportunity to contri-
bute to the development of the altermatives. Public meetings were held,
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formal coordination conducted with many public organizations, and the
assistance of various citizen groups enlisted to assure that the
alternatives and evaluations accurately reflected the viewpoints of
those concemed.

PLAN-FORMULATION PROCESS

Basically, the planning process was divided into three stages. The
initial stage was used to help establish pertinent planning and design
parameters for the functional components of an alternative. The functional
components of each alternative were designed to treat the 2020 wasteloads.
This provided an insight into the management and operational problems that
the area would eventually face and provided a planning framework within
which to shape the 1990 systems. In addition, the design of the alternatives
were modified to differentiate: (1) the economic effects of regionalization
on the functional components; (2) the extent to which the storm water could
be used to meet the area's water demands; (3) the recycling potential and
economic implication of various sludge utilization programs; (4) the economic
relationship, both capital and annual costs, associated with each technology;
(5) the comparative advantage of combining or separating the collection of
storm water runoff and municipal and industrial wastes; (6) economic
advantage of siting the treatment facilities relative to the water demand
centers; and (7) the comparative advantages of intermixing different
technologies or using the technologies to accomplish other add-on gains.

The intermediate stage involved a redirection of the design effort
and basis for assessment. Basic planning guidelines had been established
during the initial stage. Now attention was focused on the evaluation of
the socio-environmental, institutional and resource implications involved
in those alternatives retained for further study. As the first step, all
of the altematives were redesigned to treat the 1990 wasteloads. Where
economies of scale and construction dictated, the 2020 requirements were
retained as part of the system design. Due to the volume of water involved
for redistribution, attention was focused on economies of transportation
and the use of Lake Michigan as a supply and return source. Adjustments
were made in system design to reflect cost savings identified in the
previous study stage. For example: (1) separate collection and storage
of storm water runoff was found to be the most economical for suburban
areas; (2) the storage capacity of the suburban storm water systems was
increased to reduce the peak treatment rates and costs of the plant
technologies; and (3) the rural stormm water system was developed on a
modular basis and soil conservation practices incorporated into the design.
Based on the foregoing, the degree of regionalization was again reexamined to
further define the optimum point of consolidation. Once the redesign had
been completed, a preliminary evaluation was made of the impacts associated
with each altemative. This information then was furnished to the public
to determine their viewpoints and preferences.
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The third stage involved a refinement of the design for the individual 4
functional components and a more in-depth assessment of the altematives
retained for final study. A major effort was devoted to the redesign of
the Land treatment system. The physical layout of the treatment facilities
had been designed to achieve maximum efficiencies in operational and
economic considerations. This resulted in large geographical areas being
comnitted without proper regard to the growth pattems, environment and
life-style of the agricultural community. The redesign significantly
changed the siting as well as the operational and managerial considerations.
Another modification to design criteria involved the water (reuse)
distribution program and its impact on Lake Michigan. The U.S. Environmental
Protection Agency had expressed concern about the potential discharge of
dissolved solids and the need to maintain the non-degradation provisions
of the Lake. Accordingly, adjustments were made to conform to the current
"water retum'' regimen now in effect. This meant constraints for the I1linois
portion of the study area as opposed to the Indiana area. These constraints
primarily involved the necessity to continue diverting all treated water
down the Illinois River. It also meant balancing this diversion and future
water requirements within the 3,200 cfs limitation on Lake withdrawals

imposed by the U.S. Supreme Court.

Subsequent to the final design, each alternative then was critically
assessed. This involved the quantification or qualification of (1)
changes in water quality, (2) changes in land use both inside and outside
the study area caused by the technology and system design, (3) consumption
of resources, (4) displacement of people, (5) employment potential, (6)
potential for meeting future water demands, (7) potential for multi-
purpose add-ons, both water and land related, and (8) system associated
costs. These assessments in turn, served as the basis for evaluating the
socio-environmental, institutional and economic implications inherent in
each altemative.

Shown in Figure C-IV-1 is a schematic diagram summating the three
study stages and depicting the phasing and interaction between the various
study elements.

SOCIO-ENVIRONMENTAL STUDIES

PURPOSE

The basic purpose of this element of the study was to assure that the
socio-environmental impacts attributable to the wastewater management
alternatives were identified. Therefore, the first task of these studies
was to develop an acceptable methodology for performing an unbiased
assessment of the impacts. The second task of the studies was to evaluate
the alternatives under study and interact with the engineering and institu-
tional studies to successively screen and refine the remaining alternatives.
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This involvement in the iterative process helped assure that the final
alternatives were as complimentary to the maintenance and enhancement of
the area's social and physical environment as was possible.

GENERAL APPROACH *

The development of the impact evaluation procedure was based on an
analysis of the processes by which altermnative wastewater management
systems would affect the environment and likewise the quality of life.

It was concluded that four sets of parameters interacted in the impact
process. These were: (1) system components, the physical and output
characteristics; (2) those resources which comprise the environmental
attributes of the area; (3) those human activities which make-up man's
social well-being; and, (4) the relative worth of human values and goals.
It also was concluded that the system elements and characteristics create
changes (positive or negative) in environmental conditions and the
availability of resources. These changes can modify the effectiveness
with which people conduct their activities and the range of alternative
activities that are available to them. Thus, the modified activities or
states-of-being will affect the human satisfaction achieved relative to
the values and goals being pursued. Values placed on these activities or
goals vary among people and groups of people, so the same changes (impacts)
are valued differently, depending on the point of view.

The impact of the altematives on the area's environment and human
activities was evaluated in terms of over-all implications rather than on
a site specific basis. It was recognized that one of the major factors
in the final decision-making process will be the extent to which the
area's treatment system will be consolidated. Aside from the effects
that resource commitments impose on a community's lifestyle, regionalization
was considered the one variant with the most potential for impacting on
the natural and social environment. Therefore, attention was focused on
the socio-environmental effects associated with the system components and
the altemnative's degree of regionalization. Impacts specific to a site
and surrounding locality should, of necessity, be evaluated once a waste-
water management program is adopted for the study area. At that time,
an effect assessment and environmental impact statement must be prepared
before any phase of the plan is implemented.

IMPACT ANALYSIS METHODOLOGY

In order to fulfill the purpose of evaluation, a procedure was needed
capable of describing the relative magnitude and direction of both direct
and induced impacts, while lending itself to the comparative ranking of
either the individual components or aggregate systems. The approach taken
involved the use of a series of linked matrices. The first, or A Matrix

o
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(see Table C-IV-1) numerically rated on a comparative basis, the positive
or negative impact a particular system component would have on a set of

14 environmental elements. The a\ordge ratings developed for each
environmental element in Matrix A by the evaluation team was then used

as input to Matrix B (see Table C-1V-2) which assessed the impacts of
environmental conditions on human activities. Again, a numerical rating
on a comparative basis was done. This time to identify the positive or
negative impact a change in an cnvironmontal element would have on the

set of 19 cate&orie~ that characterize man's state-of-being. The average
output ratings from “atrix A were then multiplied by the average ou'put
ratings from Matrix B to obtain a gross rating (Matrix C). Since the
primary vector for the environmental elements were common to both Matrices,
a comparative measure of the systems' components acting through the
environmental changes on the human dimensions was obtained. The com-
parative measure or gross rating was then adjusted by a value vector (see
Table C-IV-3) to reflect the relative socio-environmental worth (importance)
of each of the 19 human dimensions. The gross ratings of Matrix C when
multiplied by the value weightings, Vector V, produced an adjusted series
of ratings for both the individual components and aggregate alternatives.

The evaluation teams which performed the assessment established value
weighting constants which represented their opinion as to which human
activities are of more relative ''value'' than other activities. Briefly
sumated then, the evaluation procedure attached numerical ratings to
alternative wastewater management systems and their components by first
identifying the impacts on environmental elements, then determining how
this affects human activities, and finally ascrlblng a '‘value' or
significance weighting to those effects. It should be noted, however,
that the evaluation was based on "hard" engineering data. This supportive
data included alternative descriptions and graphics and system
specifications. These specifications presented information on the
physical (resource) requirements and outputs of each alternative.

Since inputs to the developed impact analysis formula shown below were
largely judgmental, the numbers produced were used with judgment, primarily

[MPACT  ANALYSIS FORMULA

_ WEIGHTING - SYSTEM
RMINS
E] MATRIX A I, MATRIX B
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TABLE C-IV-1

MATRIX A
SOCIO - ENVIRONMENTAL IMPACT ANALYSIS

VECTOR E VECTOR S
ENVIRONMENTAL ELEMENTS SYSTEM ELEMENTS
1. Surface Water Quality 1. Collection, Transportation,

& Storage of Wastewater
2. Surface Water Quantity
L 2. Treatment Facilities
| 3. Subsurface Water Quality
i 3. Treatment Process (es)
4. Subsurface Water Quantity

5. Air Quality
6. Sensory Quality of the Environment

4, Liquid Effluent § Reuse
5. Sludge Management

6. Synergisms (add-on programs)
7. Present Land Use and Facilities

8. Potential Land Use and Facilities
9. Soil Quality

10. Mineral Resources

11. Energy
12. Access
13. Biotic Communities

14. Unique or Rare Things
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TABLE C-IV-2
MATRIX B

SOCIO - IENVIRONMENTAL IMPACT ANALYSIS

VECIOR E

FENVIRONMENTAL ELEMENTS

18

10
10165
1Z.
§ 57

14.

Surface Water Quality

Surface Water Quantity

Subsurface Water Quality
Subsurface Water Quantity

Air Quality

Sensory Quality of the Environment
Present Land Use and Facilities
Potential Land Use -and Facilities
Soil Quality

Mineral Resources

Energy

Access

Biotic Communities

Unique or Rare Things

C-IV-8

VECTOR H
HUMAN ACTIVITIES

Commercial Production
Industrial Production
Food Production
Construction Services
Public Service
Private Service
Residential Activity
Migration

Population Density

10. Health & Safety

1L
12,
657
14.
1573
16.
1
18.

13,

Employment

Iﬁcome
Cultural/Educational
Public Finance
Recreation
Aesthetics

Ecosystem Status
Political

Sociological




TABLE C-1V-3

HUMAN FACTORS WEIGHTS
SOCIO - ENVIRONMENTAL IMPACT ANALYSIS

Factors Weights* ]
Aesthetic 2.8 1
Health and Safety 2.7
Ecosystem Status 2.5
| Recreation 2.4
f Cultural/Educational g
g Public Service 2.1
| Employment 2z
Public Finance 1.9
Income 157
Commercial Production 1557
Food Production 1.6
Private Service 1.3
Residential Activity 1.3
Commmity Social Structure 1L
Construction Services .8
Community Political Structure il
Industrial Production .6
Immigration =135
Population Density =1eS
*Weighting values established by evaluation teams. g
|
l
| C-1V-9




on a relative or comparative basis. Included with this rating system was
the supplemental written analysis that identified the major impacts of the
system components on the environmental elements and the human dimensions.
This supplement, together with the debriefing sessions which followed each
assessment, served not only to explain the results of the analysis, but also
served as the basis for modifving system design.

A more detailed explanation of the methodology is presented in
Appendix E.

INSTITUTTONAL STUDIES
PURPOSE

The basic purpose of this aspect of the study was to determine the
institutional arrangements that would be necessary before any of the
alternative wastewater management svstems could be implemented. In so
doing, the assessment underscored the institutional concerns that would
have to be considered from an operational and management standpoint. To
obtain this information and incorporate it into the planning process, data
concerning existing institutions in the region was needed; selected criteria
had to be established by which to characterize the organizational qualities
considered necessary if the financial and managerial responsibilities
required by the new quality standards were to be met; and the tvpes of
arrangements which could be considered for either modifying existing
institutions or establishing new institutions had to be generally described.

INSTITUTIONAL BASE DATA

The institutional base data was published in report form. The
report entitled '"Evaluation of Institutional, Financial and Manpower
Factors'' presented a cross section of the state, regional and local
institutions directly or indirectly involved in wastewater management.
The report characterized the organizations in terms of types of insti-
tutions, their geographic (service area) constraints and their authority
and functions; discussed the flexibility of the institutions' revenue
sources by identifying their financing methods, restrictions, and
allowances; described the elements affecting manpower availability such
as job regulations, training opportunities and certification, compen-
sation, job image and career ladders; and identified the existing
manpower situation in these institutions. This data subsequently
served as one of the bases for assessing the institutional implications
of the various alternative systems considered during the study.

INSTITUTTONAL QUALITIES
A list of institutional qualities considered necessary to meet the

new financial and organizational requirements imposed by system operations
was prepared. In effect, the list served to help identify the institutional
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problems and direct attention to these arrangements which should be con-
sidered in: (1) either modifying existing wastewater management institu-
tions and/or (2) establishing new institutions for the study area. In
preparing the list, it was recognized that the qualities were not completely
compatible with one another in all circumstances. The qualities, however,
did represent general needs for institutional viability which must be
weighted to satisfy overall objectives. Basically, the institutional
qualities were categorized into three broad areas: economic, administra-
tive and political. Involved were the concerns for institutional ability
to: accommodate change; have an adequate financial base together with
control for operation and enforcement; and be politically accountable

and responsive to the public interest.

INSTITUTIONAL ANALYSIS

The institutional requirements imposed by alternative systems were
determined and the capability of existing institutions to meet these
requirements was assessed. This assessment was carried out concurrently
with the refinement of the technical solutions. Institutional constraints
were not applied during the development of the initial altermatives in
order to totally assess the advantages or disadvantages of regional
planning and economies of scale. The institutional problems inherent in
these and other aspects, however, were evaluated during the plan-
formulation process. The results were then utilized for both the
screening of altermatives and for modification of system design.

Pertinent information concerning the institutional aspects of the
study, particularly the alternatives retained for final study, are
contained in Appendix F.

PUBLIC INVOLVEMENT

The purpose of the public involvement program was to assure partici-
pation by the area's residents in the plan-formulation and review process
of the alternative wastewater management systems. The nature and extent
of the public participation program is discussed in the following
paragraphs. There were basically three major categories of involvement:
Public Meetings, Citizens Advisory Committees and Work Groups, and
organizational and med<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>