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REPORT CavIPOSrTION

The survey report is divided into a Summary , and 9 Appendices . A
charge for each appendix and suiui~ary 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 proj ections , 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 sys tern components .

• C. Plan Formulation - The appendix presents the planning concepts
and procedures used in developing the alternative was tewater 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 was tewater management alternatives. Components of these
alternatives are described in detail in Appendix B.

E. Social - Envi ronmental 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 insti tutional 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. Coninents - 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 Si.uinary Report . Also capsulized are the views
of citizens presented at public meetings.

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

/ ~This appendi x presents the planning concepts and procedures used in
• developing a range of alternative was tewater management plans for the

Chicago-South End of Lake Michigan ---(C—S~LM)~area. -.,~The findings of this
study do not mean that any of the alternative plans~’ investigated would
be constructed. Rather , ~thê~~êsTu1ts are oTffèred is 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 .~mená~ients of l972.~ Final decisions as to

,~ which alternative, if any , is best suited to a particular part of the area
( and most acceptab le to the people is left to the State and local govern-• I 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 unconinited to any specific system aspect ;
and that environmental and insti tutional 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 wat r and related land resources was a predominant planning

pninc e. 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’1-oriented functions and services ; and (2) the range of implica-
tions , including social , environmental , natural resources , institutional,
and economic that would be involved in ful filling the technical goals and
satisfying the area needs .
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SECT I~~ I - INT1~ DUCF I~1~
AJJThORrIY

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 “Eva luate general alternatives for the management of
was tewate r on a regional basis , including the elimination of pollutant
discharges .“

PUPP(~ E

The purpose of this study is to identify and evaluate viable
alternative was tewater treatment technologies and sys tems that: (1)
would eliminate the discharge of pollutants into the lakes and streams
of the Chicago-South En~. of Lake Michigan (C-SEU’4) area; and (2) could
be incorporated into areawide or reg ional plans . Also examined is the
potential for multiple-use planning, from both a resource conservation
and retzse standpoint. All of these cons iderations are containe d in the
Federal Water Pollution Control Act Amendments of 1972 (Public Law 92-500)
recently enacted by Congress. In addition, alternatives 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 STJTh’

This is a planning study only. It is intended to assist the States
and local agencies in northeastern Ill inois and northwestern Indiana who
are responsible for planning wast ewater management systems respons ive to
the provisions of PL 92-500. Such technical assistance should help
desi gnated agencies meet the requi rements of Section 20 1(g) (2)(A) of
PL 92-500 which stipulates that after 30 J ume 1974 , requests for Federal
grants must demonstrate that (1). . . “alternative waste management tech-
niqt~ s have been studied and evaluated.. .“; and (2)” . . . the works proposed
for grant assistance will provide for the application of the bes t
practicable was te treatment technology over the life of the works..

The study , and this appendix in particular , document the objectives
and strateg ies used: (1) the plan-formulation process; (2) to establish
t}e basis for system design; and, (3) to assess and screen the array of
alternatives considere d during the cours e of this investigation. Each of
the alternative sys tems were structured to meet the long-term needs for the
year 2020 . Final design , though , was based on the more immediate req uirements
of 1990. During the course of the study, the alternatives were evaluated
from several diffe ren t 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- i



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

PARI’I Cl PAT1 ON AN!) COORDI NAil ON

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 n eeds- . To effectively investigate the many facets
involved in the study, the Qücac~o District sought and received assistance
from nLnhlerous sources . These included interested Federal, State and local
agencies ; consultants under contract; representatives of commerce, industry
and the acadenüc community; farm leaders; envi ronmentalists ; and the public
in general. While most of this assistance came from the study ’s Advisory
Committees and Work Groi~ s, 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.

PRI OR STUDIES AND REPORTS

~~NERkL

There are’ ni.snerous studies which have been conducted by other
agencies or organi:ations 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 Tru.lnicipal 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
st udies established a framework for development based on the cooperative
effo rt of those Nederal , State and local agencies concerned with the
regio ns ’ resource management. Since all of portions of the C-SELN area
were included , the fi ndings of thes e two reports served as this study ’s
framework for reuse considerations .

FE4SIBILITY STUFf

Early in 1971, the Co~~s of Engineers in cooperation with the U.S.Lnvi ronmental Protection A~encv (USEPA~ undertook five pilot p lanning
studies to examine the feasibility of regional wastewater management
alternatives for five key urban areas across the nation . The Greater
thicago ~ictropolitan Area and its envi rons was one of the sites investi-
~atcd . That study ~as completed in the sumner of 1971 and published

C- I- 2
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as a two voliine report entitled: “Alternatives for Manag ing Wa stewate r
in Chicago-South End Laice Michigan Area, July 1971.” The study
recognized that improvement of the water pollution abat ement progra m
was a matter of hi gh priority in the nation ’s overall commitment to
i~q rove its environment and enhance its quality of life . To achieve a

more effective pollution abatement program, the study explored alter-
native was tewa ter management sys tems that extended beyond the present
level of area-w ide control . This included the exami nation of providing
treatment beyond the level being considere d in local plans and involved
three di fferent technolog ies , (Mvanced Biological , Physical -Che mical ,
and Land) . While all three technolog ies were cap able 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 answe r concerns regarding the effectiveness of various
treatment processes ;

3. To develop a full range of alternative s and then compare the
implication involved with emphasis place d on gathering information on
certain sys tems and components; and

4. To investigate institutional considerations and include
suggested modification to institutional arrangements for implementation
of plans .

C- 1-3
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SECT1tTE ’~ I I  - UN1~ iNl ~ )1~~\T I (1~
Prio r to the init iation a~ t h k  stud~’, infor mat ion pertinent to the

study area and en~ineerin~ cons i derations were obtained. This informat~cn
is presented in Appendix \ ~rnd ~~~ ai ’i:ed below, it is provi ded to
establish an overview of the rchnc envi ronment.

~T 1 I ) Y  .\PEA

The study are a extends from tao Wisconsin hcr J er  th r~a~~ pc i-~ ion: of
Illinois and Indiana, around the southwestern and southern perimeter of
Lake Michigan to the Mic h i gan statc~ i~~~~. As suca, the wastewater manage-
ment study encompasses some 2 ,bD O square miles and includes all or portions
of four counties in Illinois and th ree counties in indiana . h i t h~n 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 adj acent to the C-SELN area. Included in the outlying
area were some 12 counties, 8 of which were in Illinois; the remain~ng 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-SELM study area and outlying area of influence are shown in
Figure C-II-l. 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).

Q-L•\RACTERISTICS OF STUDY AREA

TOPOGRAPHY AND DRA 1~LAGE

The topography of the C-SEU’l area is comparatively flat with poor
definition existing between some of the watersheds. This lack of
separation or elevation was caused hy the glaciers which passed through
the area. As the glaciers melted, the~- overlaid the area with drift
material , some of it ranging in depth upwards to 400 feet. As a result ,
the few hill y areas that do ex ist are made up of broad, low ridges and
contain nu~~rous lakes and swamps .

C -il-i
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hC st reams wh ich drain the area, eithcr f iow ta  the illinois River,
or Lake Michi~an , as shown on Figure C-II-2. Major tributaries to the
1l~ ii~oi~ River i nclude the Chicago, Des Plaines and IXi Page Rivers plus

• the C.ai-Sa~ Channel, all of which drain generally south. Portion ’s of the
Gran d Cal~rnet and Little Cal~~~t Rivers are tributary to both the Cal-Sag
a~a~~ eI and l ake Michigan . Several small streams along the Lake Michigan
shore are di rect ly  tr ibu tarv  to the  Lake.

he c~~rna tc in the study area is predominantly continental , with
warm si~ rners and relatively cold winters. Lake Michigan does exert a
partial modifying effect on the climate. The average annual temperature
and rainfall are 50°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.

F~JPtJLATIC~ A\D L.~~D 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 , Indian a , outside of the SCA is also within the C-SEJJ’4
area. The SCA includes Lake, Cook, DuPage, Kane, Will and McHenry
Counties in Illinois , and Lake and Porter Counties in Indi ana.

Present and proj ected land use , aside from indus trial requi rements ,
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 acre age
between them. Figure C-II-3 shows the anticipated trends in population
and land use (urb an , suburban and rural) for the C-SELM area during the
next 50 yea rs.

For purposes of this s tudy , urban areas were defined as hi gh-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
categori zed as lands devoted mainly to residential development (including
high rise apartments) with some light commercial usage. In this case,
population densities ran ged between 2,000 and 5,000 pers ons per square
mile and included moderate commercial and, possibly , some manufacturing
commi tments. The rural areas involved all population densities fewer than
2,000 persons per square mile and included agricultural areas as well. The
time-phased distribut ion of the land-us e categories ~ithin the study area
for 1990 and 2020 are shown in Fi gures C- II-4 and C- Il -5 , respective ly.

C-II-3
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ECX)NU’II C ACflVIT~’

The foundation of the study area’s economy is its dive rs e industrial
complex. Presently, industrial jobs account for approximately 40 percent
of the wages and salaries earned in t u e  area. The primary indus t ry groups
as ranked by employment and value of output. are displayed in Table C-II-l.
The major industry, on the basis of value of production, is primary metals
which also leads in volt~ e of was tewater discharge. The next three
ranking industry groups, elect rical equipment , non -electrical machinery
and fabricated metals, are all linked directly or indirectly to the primary
metals indus try. Future indus trial grow th 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 Reg ion 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 , blas t furnaces and steel mills , is
expected to increase production by 73 percent from 1970 to 2020. Porter V

County industry is expected to grow at a rap id pace in the future . Its
new deep water Great Lakes Port , in combination with the existing rail
and highway networks and avai lable open lan d , is expected to stimulate
industrial growth. LaPorte County ’s indus trial center is within the
C-SELM area . Its principal industries will continue to be metal related.
This area ’s growth relative to the entire study are a is expected to be
greater bec ause of its avai lable unde veloped land coup led with its
established indust ry .

EXISTING WASTEWATER MANAGE MENT FACILITIE S

There are 132 munici pal sewage treatment plants of one million
gallons per day (MCD) capaci ty or greater now operating in the C-SE U~1study 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)
conten t of the raw was te s entering the plants . Industrial wastewater is
generally treated by the user indust ry itself , althou gh some is treated
by the municipal plant servicing that area. In addition , approximately
400 square miles of the s tudy area are serviced by combined sewers which
carry both was tewater and storm water ru noff . Combined sewer systems
are designed to spill excess flows into a receivi ng strea m whenever the
sewer ’s capacity is exceeded. Typicall y, combined sewe rs deliver thy
weather (municipal) flows to an interceptor sewer which conveys the flow
to the treatment plant ; but rainfall s of only 1-1/2 to 2 times dry weathe r

C - I I - 8
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TAB LE C- II-l

INDUSTRI AL E~VW~?’ENT AND oisr~ur
U-il CAGO ~~TROPOLITA~ AREA 1/

Value
Standard Industrial Employment Added
Classificatic ;i (1,000) Rank ($1,000 , 000) Ran k

20 Food 83.0 6 1,681.3 4

23 Apparel 27.0 13 228.1 13 
V

24 Lumber .3  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

31 Leather ~ L. Pro ds . 6.6 16 74.1 14

32 Stone, Clay ~ Concrete 24.6 14 349.2 11

33 Prima ry Metals 136.5 2 2 ,146.3 1

34 Fabricated Metal 116.3 4 1, 583.2 5

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

36 Electri c Equipment 163.6 1 1, 926.1 2

37 Transportation Equip. 33.4 9 685.5 8

38 Ins truments ~ Related Prod. 34.3 8 539. 5 9

39 Misc. Manufacturing 31.8 11 345.3 12

1/ Cens us of Manufacturers , 1967; Chicago SMSA: Gary, Haimiond, East
— Chicago S~~A
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flot~s , a fairly common occurrence , result in overflows to the waterways.
~breover, mos t s~.cage treatment p lants have facilities to by-pass raw
sewage when the vohnre of wastewater arri ving at the plant exceeds the
p lant ’s treatment capacity . Thus , the combined impact of overflows and
be-pass on stream water qua l i ty  is si gn ificant .

CURRENT PL~\S :\N D CONSTRAI NTS 
V

l’o insure that the wa~tewater management study was responsive to
local oh~ect~ves and concerns , the area ’s plan s and constraints were
exam i ned. ~\he re fea~ ih le , thes e p roposals and requirements were incor-
porated into the study ’s p lan - 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
Illinois Planning Coninission (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 st udy by NIPC has established a suggested regional plan for
wastewater management. It would consolidate the existing treatment
systems , expand arid upgrade some of the existing faci lities and construct
some new plan ts 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 suburb an development.

Open space has more than a social and envi ronmental value . The
open-space areas can also he used to hold water permanently or on a
tempora~~ basis . 1~~en this is done, the low-ly ing areas including flood
plains can serve to minimi ze the damage from storm water runoff. Both
N IPC and LPCRFPC have these types of multip le-purpose open-space plans
to balance and control growth.

The Met ropolitan Sanitary District of Greater Chicago (~~DGC) is
currently improving its system ’s operational and treatment level.
Included in its upgrading program is the “Gh icago tJnderflow Plan”.

Vf l~~ j ç plan involves the construction of a t unnel sys tem , reservoir
storage and additional treatment facilities . Implementation wou ld
greatly reduce the flood and pollution control problems caused by
overflow from its existing combined sewer system.

C- ii- I i~ 
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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 wa t c~r quality s tandards or gui delines . However ,
these upgrading programs are being des igned on an individual basis
rathe r than as a cn~~nonent to a reg ionali zed sys tem. This can only
result in lc~al~:cd solut ions to a regional problem.

The r ej  :at~~nn~ I ~al~h md usa~c of mos t streams in the area have
been lLnLtf ~ ~~~~~~ 

~~~~~ ~ tv and lack of public lands.
~bst of the t l : . .  ~~r~c :ro~ the existing treatment plants make up
most, if not all , of the stream flaw. Since the quality of discharge
is below curren t State standards , the aquatic ecosystem and fishery value
is limited in many areas. At the same time , the urban-suburban bui ldup
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
program could be implemented. Both States are interested in improving V

the quality and quantity of fishery production of the area’s streams.
Included are salmon (coho) programs on sane of the streams tributary to
Lake ~tichigan. Other governmental levels have expressed interest in such
programs as fishing pon ds , recreational stream corr idors and acreage for
parks and preserve areas . In recent years , most of the recreational V

developments that serve the urban demand hav e been provide d 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 thos e remaining recreational
sites . Nevertheless , unti l the natural resource bases of land and
water are restored , the potential for meeting the recreational needs V

within the study area will be mini mal .

Lake Michi gan and local ground water are the two sources for the
area ’s municipal and industrial water si.~ply 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 groun~~ater consi.m~ed , most of Indi ana ’s supplies come from the
Lake . These wi thdrawals are treated and ult imately 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 Illinois River and
providing control locks and dams at three points . See Figure C-II-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 ~noun t of Lake diversion now has been restricted to an average
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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
western portion of the Illinois area. Therefore, additional sources
of potable water are needed or the allowable Lake diversion must be
real located.

DATA BASE

In addition to inventorying the existing treatment facilities,
including collection and conveyance sys tems , proj ections were made of
future water usage and the resultant wastewater vohunes. This, together
with other pertinent re source data , provi ded the basis for the planning
and design efforts that followed.

The geographica l location of the population and industrial projec-
tions were kept consis tent with the avai labili ty of lan d and local land-
use plans . ~breover, the population projections were disaggregated (suballocated) to the township level in order to facilitate the determination
of municipal was teloads . Then , the study area was divided into 22
•wastewater management watersheds . See Figure C-Il -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 dr~~n along the combined s~~er service area bamdaries ‘f
the ?.~ DGC . Table C-II-2 presen ts the descri ptio n of these watersheds ,
including the drainage areas , total (1970) populations , and total popu- V

lations served. Table C-I I - 3  sumiarizes the anticipated C-SEIJvI waste -
water flows for the time frame 1980-2020. Include d are project ions for
both the nunicipal and industrial flows in each of the 22 watersheds .
The indus trial figur es were considered preliminary , subject to coordination
with the maj or water using industries concerning the degree of recycling
that conld be expected in the future . Additional inform ation re gard ing
tl~ projected was tewater flow vohanes and constituen t characteristics can
be found in Appendix B.
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TAB LE C-t I- 2

MANAGEIVENT WATERSHEt~

Total Estimated Estimated
Total Popu- 1 Present Design

Drainage Popu- lation Average Capacity
Watershed Area lation served Wastewater Average
Nimiber Description (Sq.Mi.) (1000’s) (1000’s) Flow (M~~) (l~1GD)

1 Lake Michigan - North 59 121.5 138.6 18.76 19.83

2 North Bran ch
Chicago River 92 187.1 60.1 7.51 9.05

3 DesPlaines River - North 249 292.7 49.58 5.15 7.73
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 IkiPage

River 93 147.2 117.20 12.62 15.66
8 Wes t Branch DuPage

River 124 120.1 108.20 14.68 13.45
9 Main Stem IXiPage 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 51 151.7 - - -

12 Sani f~ 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 111 299.2 157.4 17.71 22.71
17 Little Cahniiet - West1 31 6.0 0.8 N.A. N.A.
17.1 Little Calumet - West2 32 41.8 7.55 0.73 N.A. 

V

18 Indiana Harbor 140 417.30 475.0 88.40 120.6
19 Little Calumet - Middle 143 75.0 11.0 1.8 1.8
20 Little Calumet - East 173 69.5 24.7 3.8 4.5
21 Indiana lAm es 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

i-The total population served by a sanitary treatment plant (SIP) in a particular
watershed may be greater than the population residing in that watershed since the service
area of the SIP may encon~ass more than one watershed.

C- I 1-1 5
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SECTI~~ I I I  - STJDY GOALS

SThLTY VALUE

Th~ long-range national water quality goal established by PL 92-500
~,eeks to eliminate the discharge of pollutants into navigable waters by
1985. It also encourages the development and implementation of area-wide
~astewater tr~itment manager9ent p lans to assure adequate control ofpollutant so~ -::s and, in~ licitiv , 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 was tewater;

2. the reuse of the treated water, and

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

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 “no discharge of
critical pollutants” (NDCP) as well as current req ui rements with major
emph asis placed upon plans to meet the hi gher technical goal. Con-
currently , system des ign also provided the basis for maximizing the
efficient reuse of the reclaime d resources . According ly, during the
study’s plan formulation process, components of the wastewater management
alternatives were progressively refined by incorporating the design with
the resource requirements of the area. In fact, throughout the process,
the nultiple-use of the water and related land resources was a predomi nan t
plann ing interest . The evolved was tewater management p lans den~nstrate :
(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 i nvestigated would be constructed. Rather, the results are offered
as a planning framework from which the area ’s decision-makers can select
~ 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 peop le is left to state and local governments.
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TLUL\ICAL GL1-\L

t UTR QUAL I Ti STAN DAIU)S

in the comparati vel~ ~ri ( V f  hi stur\ vi nccr n over the po1lutio:~of our na t ion ’s water re~ource ~ , a c o n t i n u a l  ev O l ut i no has taken p la~~’ .
~\ at e r  quality standards , in lie u of an~- otner :a~~~t~~~V ) d , ha’; h~’CO~’ L’ t h V

ha s ic control for res t e r~ ~~ thc- aauat iv envi rOnment . I V h er e  ir ~• ~~~ t’;p~sof stan dards now in use: ( 1 )  ‘‘st rIV -a n  ~at - r ~ua1 it: ‘t~~ la rds ’ ; V U J J

~2) ‘‘Effluent ’’ Standards . Bot h can be van at) I I J S ’  0 t 1 c~ i re0 • .~~~~

and are generally used for contro l of a shed f ic  ~~ rophiLal ~~ L’~A anc
po rtion of a stre am .

i1~e stream water quality s tandards are cstahlished so as to :uiu
tam specified beneficial uses in st reams , with consideration of the
“assimilative capacity” (di lu t ion) of the r eceiving waters an integral
part of the standard setting process . There are many other considerations
involved in this process , of whic h , the more importan t ar e : s ta te  o~ t u e
art for specific constituent removal; ef f ec t s on the environment; cost
and economy of the area. Consequent1~- , the established stream standards
are generally a compromise betw een c onfli ct ing i nterests and r cp re scnt  the
result of a conscientious effort to resolve the comp lex issues involved.

The effluent standards are the more recent type of control adopted ,
and reflect the atte mpt 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 emp l~~s botl. kinds of standards.The State of Indiana generally uses only stre3rn water quality standa rds ,
though special provisions for treatment requirements have been speci fied
for specific locations . Vflle current levei 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 provi de the equivalent of secondary treatment. A h i gher 1 -vel
of treatment is required on streams tributary to Lake ~1ichiga n .

NO DrSa-LA.RGE OF CRITICAL POLUTF ANTS

Definition of Treatment Goal

To reverse the continued degradation of our water resources and
facilitate the reuse of the t reated water , requi red setting the equiva’ent
of a new effluent stan da rd . The standard would he representative of the
NDCP water qualit y goal. The concept of standard, as used he rein , ~s ahasis aga inst which to dv - ‘C° the tre a tmen t proce-~s. ~~ t ’ lc~ t 1 1) 0

C_ Ill-
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various was t ewater constituents to be controlled together wi th the crutica l
levels of concentra tion were based upon natura l backgro LEl d levels of the
watercourse into which the effluent was to be discharged. Aiso included
were those specific constituents that could he hi ghl y toxic or othe~~-i
injurious to the environment at trace levels. These levels were appli d
as the study ’ s technical goals (water quality) with the exception that:
(1) if cur rent stat e water quality (effluent) standards were hi gher , these
standards were applied ; or (2) if the envi ronmental scan provide d the basis
for all~~ing levels of cons tituents that were higher than natural levels
but not highly toxic or otherwise inj urio us 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 desi gn ,
three groups of consti tuents and applic able 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 Pthlic F~ alth 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 condi ti ons for a particular watercours e could not be detennined , the
preceeding effluent levels were used, -

Whi le thes e treat ment 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
repre sent federally accepted or adopted stan dards .

Available Technologies

Concurrent with the establishment of the treatment goal , at tention
was directed to the methods by which this goal could be achieved. There
are three basic technolog ical approaches which can be used to attai n the
treat ment stan dard. These are : (1) an Advanced Biological treatment
plant system; (2) a Physical-Che mical treatment plant system ; and (3) a
Land treatment sys tem.

None of the three are new or unique in concept . The unit processes
of each sys tem can be found in various parts of the nation and the world.
What is comparative ly new is (1) the combination of these systems ’ unit
processes to achieve the treatment desired and (2) the scale to which
these sys tems would be app lied.

C-III- 3



Mos t of the sewage treatment p lants in the study area today achieve
seconda ry treatment of the was tewater 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 hold ing  basins to remove the trash and settleable solids . The last
step,  or seconda ry treatment , u t i l izes  bacteri a to consume the organic
portions of the wastes. Prior to being discharged, the treated effluent
is 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 pr ocesses are desi gned
to achieve removal of specific constituents. On the other hand, the
Physical-chemical treatment system uses the principles of physics and
chendstrv to accomplish the same functions that the bacteria and other
components perform in biological design. Both of these “plant”
technolog ies rely on incineration as an integral part of the process
providing internal 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
was tewater having received the equivalent of conventional secondary
treatment is sprayed on the soil by irrigation equipment for the final
— t ai ~e 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 uptak e - all of which form the basis for designing the fa rmer ’s present
fertility program and cropping practices.

In developing the design of the plant systems, certain basic assim~-tions we re made . The most important related to the (1) sequential
arrangeme n ts of the un i t  processes; and (2) design criteria for rating
treatment performance under peals 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 performance 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-Ill- i
through C- lII-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 , (Thief of
Engineers , IJ. a. Army Corps of Engineers specifically to provide the water
quality requirements that would assure the elimination of pollutant
discharges no a regional ba sis .  Conscquentlv , the three groups of
c o n s t i t u e n t -  selected for the  has i~ of k-sign inc l uded: (1 ) ( l J ~1st ituen t s
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I

that  should be abs cr it from the asi~ t~~ater offluent (iäble C-UI-i) (Inthis context , absent means no t detectable ) s tanda rd test ing methods
and current techni ques); (2) constituents that together w i th  those
constituents listed in group one provide a base water quality control
for the study (Table C-IlI -2 ); (3) constituents that should he given
particular consideration (Tab le C-l Il-3) as warranted by their impact
in a region .

The cons ti tuents and levels contained in these tables were developed
as gu i dance for the was tc ’\ 1 t ~~r nana~ernent progr~oI . Implicit was the fact
that ~he levels in t h e  ~~L ond and thi rd groups a-;~uld he regarded as goals
in detei~ ining the nasiniurn acceptable levels for desi gn , and that these
levels as he reia~asi upwar ds i f  an envi ronmental scan indicated no
adverse ef fec t  woul d occur . At the same time , it was recognized that
the re was very l i t t le , or no , information available as to what constitutes
the present back ground level , or even an acceptable level of concentration
for these cons ti tuen ts. Thi s was due to an historic lack of adequate
monitoring efforts and the hi gh cost of analyses . Furthermore , concern
fo r the presence of some constituents (e.g. mercury) is quite recent, and
as of yet , is inadequately documented. The state of the art is expanding,
hut the relationships of constituent levels and biological consequences
are inadequate lv defined. Svnergis tic or antagonistic effects of two or
more constituents on the hiota through the whole spectrum of the food
chain , and the concepts of biostimulation and biomagnification, are
l ar r e l v  untested. Studies on thes e e ffects are sporadic and results are
o:tcn coot licting , i f  not contradictory .

Therefore, for this level of p lanning, it was decided that a list
of criti - a1 pollutants should be selected - one which would adequately
represent the snectnim of constituents contained in Tables C-III-l , 2
uiJ 3. Tin -n , duri ng the preconstruction desi gn phase , additional
cons t~. ta~ats could 1’e added , dependent upon the state of the art at
t r i t  t i n e .  .\ccordin~ 1v , the foregoing list of constituents were reduced
to —one 14 types of :~o l l ut ants .  These included:

Tot il Dissolve d ~ol ids Organic Nitrogen
Bioche mic al ~x’- gen Demand Phosphates
iR~n 1c a1  ~~vgen Deman d Oils and Greases

Phenols
colo r Suspended Solids
N i t r a t e s  Colifonii Bacteria (Total)
‘j- un onia Heavy metals and “Exoti cs ”

These p o l I a t a n t~ , t o ce ther  with the level of concentration reco~~endedas the t reatmen t goals , are sho~n in the f i r s t two collHmls of Table C - I l l  -3 .
Ili e next three coluiiris of the Fable show s the results of the environ-
-iental scan and s tudy of back groun d levels under the heading: “U l t i mate
~..iter I k i a l j  ty ” . ftc en~-j  runmen tal scan demons t rated s e n s i t iv i ty  b c
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TABLE C - I l l- i

GROUP 1 CONSTI11JENTS (absent 1/ from effluent)

Mt imony

Arseni c

Barium

Bery llium

Boron

Cadmium

~hroiniuin

Cobalt —

Copper

Cyanides

Lead

h~~rcury

?~blybdenum

Nickel

Pesticides (chlorinated Hydrocarbons)

Phenols

Selenium

Silve r

Thalli um

Tin

Titanium

Zinc

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

C- 111-9
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lAD LE C - i l l - i

BASE WATER C~UAL ITi CL) NS ~ITU ENT (GROUP 2 )  LEVE L’~
Constituent Effluent Level

Total Dissolved Solids (Less than~ ~0U :~g/ l

Biochemical Oxygen Demand 2 mg/i; BOD Level

Heat Plus or Minus 1°C of ADhient Temperature

Color ‘S Color Units

Nitrates and Nitrites 4 mg/ l total

.~~nonia as Nitroge n 0 .1  mg/ i

Organic Nitrogen Sum with Nitrates ~ Nitrites - 10 mg/ l

Phosphates 50 mg/i entering a lake
100 mg/i entering a flowing stream

Oils and Greases Trace

Fecal Coliform Organisms 200 per 100 ml

Suspended Solids 2 mg/ i

C- I I I  — l ()
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TAB LE C-III-3

CONSTITUENT (GROUP 3) LEVELS WARRANTING CONSIDE RATION

Constituent Effluent Level

Virus Inactivated, but trace present

Surfactants Trace

Fecal Streptococci In activated , but t race present

Tas tes and Odors None Offens ive

Floatables None

Settleable Solids Trace

Volatile Solids Trace

Ganina Radiation Trace

Alpha Radiation 1 pCi/i

Beta Radiation 100 pCi/i

Turbidi ty 5 Jackson Units

-Ukali nity 100 to 130 mg/i at pH between 6.0 to 7.0

Carbon Dioxide 25 mg/i

Sulfates 10 mg/i

Calcium 30 mg/i

Chlo rides 250 mg/ i

Sodium 10 mg/i

Magnesium 125 mg/i

Flourides From 1.7 mg/i @ 10°C to .8 mg/ i @ 30°C

Alumi num 1 mg/i

Bicarb onates Pius or minus 50 mg/ i over airbient conc.

Manganese .5 mg/ i
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_ _ _  

_ __—_ ~~~~~~~



D 0 or— o

~

J~ — ~~~~
r -~ ~ 

0 —
a j o to or -  4—l to -:: o _

~~~-~~~ ~~~~~~~~~~~~~ 
.

0 ~~~~~

-~ rci

~~~~~~ -~~ -~~~
-
~~~ h!

~ ,_ __ A~~__~~~~.~~ ~~~~~
0

-~
0

—‘ .-3 0 Cl) — Lfl . ta  0 C l  U) — o .-‘
~~~~~ 0r-) CO to~~~~f t 0 ..t C-) 0 ~~~ - , 0 Q 0 . - - 40 o~~~~~~~~~0

~~ ~ ::: ~:::: :::~:
_ _ _ _

uca c~ u u~~ — a o ~ u u u u u u  o

-~__ _

~~~ ~~~~~~~~~~~~ -—---- ---~~
- —- — ---~~ —~~ ---

~~~~~~ ~~~~~~ 
~~~~~~~

eC-) ~Cl1 
-C’ ~0 1..

-~ C, 41
f-’ l)~ . cC

o~~~~e—~ — I-. )-. a~~~F-’ ~ H

C-) ‘0 4-. ~~~~~~ ‘0I_Cl, a) ~ 1.1 ~ Cl) ~ I_U Z
o U, rJ) +.-~~c/)

0 - - 4 °~ 4 -~~~~~ - -

~~~~~~~~~~ 

‘

~~k ~

- ‘
0 — ‘~ -~-~ V 4-~ .-~ 4-~ 4-~ 4-~ 4-’ 4-’ 4-’ 4-’ 4-’ 4-’ .-4 4-’u H  O C C l L) -‘ 4)~~ ~~~~~~~ ~~~~~~~~~~~~~~

B —~~~ ~~~~>0 0 ‘~tv 1) 4) C44)4)4) 4 ) 4 ) 4 ) 4 ) 4 ) 4 ) >  Cl)
0~~) 0 ‘-4 4-. -4~~~~ C4~~ fl ~~ I C ~~ C~ C~~~~.4 0 0 0 0  F.. 0 ~~ .0 .0 .0.0 .0 -~~ .0 .0 0

to t-I Z + 1  ‘io ~. —. < r’a ~~~~~~~~~~~~~~~~~~~~~~~~~~c c

.4_C _C I-. ~-~~~--~~ -.C --. _~~~~~~~ ) . 4 _ C . 4 _ ) . 4 . 4 _ ) _ C _ C _ C . 4

~~~~~~ 0 ~n:— -~~
_ - - --- n

0
4.
0

Cl)

F—. -
~~ C’

— a) - j
F—. .- .-~Cl) 4~~~~~’0 — a)> -

~ 

.T
~~a ) C:: ~~~~~~~~~~~~ — 04: c.

--4 -4 4 )4 ) 0) 4 0  ~ F-.
— 4) a) E E 0 .’~~U 0 ~~~ U .-‘ 0 4)
0 0 4 )  .-~ , tIC ~~~F-. 0. C 5 U  0 0 4 :  14i  4-’.4 Cl) 0) 0 4) —I C4 .0 Cl) ‘.‘ - F-. ~~ Cl) 4-) C4

~~L)LJ _ C Z t — ) ’-’ .~~~ --. 4. ~~C-) 0 >-. 0 .-~ a) a) (~‘ ‘0 .0 a)
C—. 0)~~~~ Cl) — C ~~c~ • .-C )
H ~. Q b 4  l 0O ~~~~ ,,, .-~ - ,-Cl - -
C-1 —‘ - - F-~ F-- ~ - C’ 0 > tIC ~~ 

.4 —
~~ 0 .-4 $ ‘0 ~ ‘ .-. 0 ) Cl) ‘—4 U 4_t _t
LI .C C4 . ~~ - - -- .r) -~ .

‘~ . I) ~ ~~ —~ )— ~ ‘0 — a) CC_ ‘ -‘.4
C ’ C 4 ’ C C’ ~~~ r . ’ 0 a )~~ .) .-.4)1) ~~~.-4 - C~~ -~ . 0 o I _ —
~~00~~) - 0 4 ) 0 0 0 - , - 401 ~~~ .-‘

F-~~~~~~ CCl~~~CF- a) 
~~~~~ ~~C~~-9)C ~~~~~~~~~~~~ -? ~i- r ~~~~~~,~~~~ F-

C-Ill - 12 



~~~~~~~~~~~ -~~~~~- - ~~~~~- - -~~~~~---- - - - ----------~~

eutrophic water quality conditions and concomi tant need for setting a vc- r
low concentration limitt on soluble phos phorus . Likewise , the permi~ cib 1e
ammonia nitrogen concentration is qthtc-’ low because of niti-ogeneous ox~:4;eridemand and the toxic l imits impos ed by cc~ mon fish species . i’}ieref~re ,
the concentration levels shown represent the limits on ultimate water
quality as best as can be defined with present knowledge. ~Ches e qual i ty
levels are use oriented, and include consideration of the aquatic habitat ,
public water supp ly, recreation and agriculture as controlling ~~ter uses.The sources of information for develop ing ultimate water quality levels
are also shown.

The last three columns 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 . Pe r-
forman ce 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 - I I I - 4  also provi des a comparison between effluen t goals,
the ultimate water quality levels developed through envi ronmental scan
and study of background levels , and the performance levels used for design
(NDCP goals) which include the additional consideration of bes t avai lable
technology . A comparison of these various constituent levels indicates
the following :

Heat: The effluent goals call for 1°C (1.8° F) variation above or
below aith ient temperature , the ultimate water quality leve l is specified
at 3 - 50F above ambient temperature , and the performance levels specified
for design are 53 - 780F for the Advanced Biolog ical and Physical-Chemical,
and 55 - 70°F for Land treatment technology. All of these values are
within the range of a general requi rement 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 Ccuunittee report (FWPCA, 1968) on water quality criteria.

Nitrogen Forms : The effluent goals call for less than 4 mg/i total
for the sum of ni trate and ni tri te ni trogen , less than 0.1 mg/i for ammonia
ni trogen , and less than 10 mg/i total for organic nitrogen including the
sum of ni trate and nitrite nitrogen. The ultimate water quality levels
specify 10 mg/i , and less than 1 mg/i for the fi rst two n itrogen forms ,
respectively , and less than 0 .3 mg/ i for organic ni trogen . The performance
levels , on the other hand, indica te 2 - S mg/ i for Advanced Biolog ical ,
2 mg/l for Physical-Chemical and Land technologies for the nitrate plus
nitrite nitrogen, 0.3, 0.5 and 0 mg/i, respectively , for aimonia nitrogen.
Of these thre e techno logies , onl y the Lan d treat ment meets , and exceeds ,
the most stringent req ui rements . However , the concentrations shown for
the treatment plant technologies are also below the ultimate ~..ater quality

C-II I- l3



levels specified. Of the three nitroge n forms , ammonia nitrogen is the
most critical with regard to toxici ty to corr~non fish species .

Phenol: While the effluent goals call for absence, the ultimate water
jualitv level is specified at less than 0.1 mg/i. Concurrently, the per-
tunTLu~ce levels specified for design are 0.01 mg/i 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 chlori ne arid the production of unpleasant taste at as
low as 0.001 mg/i in drinking water. Conversely, the documented toxicity
to fresh water fish and lower aquatic life is 0.1 mg/i 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 watL r quality level is specified at 0.05 mg/i , while the
performance level specified for the two plant and land technologies is
0.3 mg/i , 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/i, and
for irrigation, stock and wildlife watering, and fish and other aquatic
life 1.0 mg/i. The performance levels used for design (0.03 mg/i) for the
I lan t 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
u1 ti~ ate water quality level is specified at less than 0.3 mg/i. The
performance levels specified for design, however, are 1.0 mg/i for the
~~~~ ° plan t technolog ies , and a trace for the land technology. While the 1.0
mg 1 satisfies the cri teria, it has been reported that cnide oil in
..a.icentrations as low as 0.3 mg/i 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 leve l is specified at 0.5 - 1.0 mg/i, and the performance
leve l specified for the two p lant and land technologies is 1.0 and 0 .7
mg/ i , respectively . Boron in low concentrations in drinking water is not
g)-nerallv regarded as a hazard to human beings , and is an essential plant
micronutrient almos t uj to ~~ric -iitrations of 1.0 mg/i in irrigation water.
tVhile the perfo rmance leve l for p lan t technolog ies does not meet the
e t  l ’ie ~it quaii t v  goal of total aP—e nce , it is considered tolerable and in
accord with the u lt ii.t t - ‘-.~it - r  i u a l i t ~

- I c - v o l .
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Total Dissolved Solids : Effluent goals, ultimate water quali ty levels
pedcirinance levels used for design are in accord at the limi t of 500 mg/i
w i th  the exception of the Physical-Chemical t echnology perfo rmance . The
additional 35 mg,’l is considered insignificant for virtually all beneficial
uses of the effluent.

Based on the fore going , it was concluded that the performance levels
for all three advanced technolog ies are comparable and , for all intents
and purposes , achieve the same treatment goals. Utilization of di ffe ren t
unit processes make it virtuall y impossible to achieve identical levels of
constituen t removal . ~breover , no differential in impact on the aquatic
ecosys tem or other use consideration could be determi ned relative to the
variations in constituent levels.

POLLUTANT SCXJRtIS

Once the effluent standards for treatmen t were determined , the sources
of pollutants requi ring control also had to be ident ified. There were
three major categories which affected the quality and /or natural backgro~md
level of a watercourse. These were : point sources , in-place sources , and
areal sources .

Point sources pertaine d to was ta~ater volumes discha rged at a specific
location; be it a collector (pipeline) system or stream outfall. Incl~~ed
in this category were controlled was te loads from the vari ous municipalities
and indus tri al plants . The volumes and waste constituents were determine d
as noted in the preceeding section .

The second category , in-place sources , was more s~.t tie in that it
involved the physical attribut es of the watercourses themselves . Of
particular concern in this category were the pollutan ts that had accumul ated
in the stream beds over time . It has been assumed that once a NDCP treat -
ment system is in place and opera tion , the bottom deposits , especially the
organic material, will stabilize due to anaerobic action. There may,
howeve r , be depos its or spec ific cons ti tuents such as heavy metals or
toxicants which will requi re othe r remedial works such as dred ging . The
beneficial effects of the stream ’s increased assimilative capaci ty in
eventually stabilizing these types of pollutants are not known ; related
decisions must be de ferre d until extensive monitoring has been completed.

The control of are al sources of pollutants was the major differential
between the NDCP and current wate r 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 naturall y infiltrates into the
collection and conveyance sewer sys tems . It was recognized , howeve r , th at
storm water ru noff would become a carrier of the pollutants that are typ ical
of the geograp hical area invo lved - be it urban, suburban , or rural in
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character. Speci fic pollutant sources would involve septic tank
infiltration fields , fall-out of air-borne pollutants , and the courner-
cial fertilizers used in both agricultural production and the suburb an
open-spaces including subdivisions . All of these had the potential of
adding significant levels of critical constituents; enough to temporarily
negate th e water quality goal that otherw ise would be achieved under the
XDCP system design.

STORM WATER RUNOFF

In determining what , if any , portion of storm water runoff had to be
cap tured , a search was made of published literature and available study-
related data. Extensive work had been done by the Met ropolitan Sanitary
District of Greate r Chicago (MSDGC) , the Illinois Institute for Environ-
mental Quality , and the Department of Public Works for the City of Chicag o
in relation to the pollutan t loadings of storm water runoff from comb ined
sewer sys tems . The fi ndings 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 defini te point source (outfalls) of pol lution , even
under existing standards .

The management system in the suburb an areas , however , involve d
separate collection and conveyance l ines ; thus , constituent loadings of
separate storm water discharge were needed. Related studies pertinent to
this subject were found , but there were extens ive 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 , Mi chigan as reported in the Janua ry 1968
issue of the Water Pollution Control Federation Journal was selected as
the basis for this evaluation . The constituent loadin gs were reported in
the form of flow wei ghted annual mean values , i . e . ,  level of concentration
correlated to a rainfall-flow relationship. Three constituents, Biochemical
Oxygen Demand (BOD) , phosphorus , and aninonia nitrogen were selected as the
key discriminators becaus e of thei r impact on the aquatic ecosystem
through oxygen depletion and stream enrichment (a phenomenon similar to
eutrophication) .

An analysis was don e to determine the effects on the receiving waterways
if the fi rs t 2 1/2 inches of storm water runoff was not treated. In this
anal ysi s , 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 stan dards ; the
second the most stri ngent of known effluent requirements in the area -

reflecting long range local p lann ing goals . As such , t hese treated
discharge s reflected the most optimi zed (quali ty) base flow condition that
could be expected in the area ’ s wate rw ays . Then using the typ ical loadi ngs
for the suburban runoff, the app licable concentration (on a wei ghted flow
value) of the three key parameters were determined. The resultant BOD and
annonia nitrogen loadings , determined using the stream ’s assimilative
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capacity for the 7-thy , lO-y’~ar low flow, exceeded the acceptable concen-
trations levels for not only the NDCP but both local standards. The
phosphorus concentrations were low enough to justi fy assuming that
additional dilution would maintain the concentration level acceptable
under current standards , hut unacceptable for NDCP standards. Based on
this analysis , it was concluded that the s torm wat er runoff in the
suburban area shoul d be captured and treated particularly if the water
quali ty was to provide for the enhancement of fishery and othe r stream -
related recreational opportunities . Similarly , the same concep t was
applied to the rural storm water runoff where mana gement concerns would
be compounde d by the suspended solids and other consti tuents more closely
related to agricultural production . Without capture of this portion of
the study are a ’s runo ff , the stability of the aquatic ecosys tem could
not , in all prob ability , be maintained.

PEIEE AND CCt’3ERVATI (1~ OBJECFIVES

WATER REIEE

The necessity to capture and treat sto rm water runoff in itself
imposed two new conditions . Firs t , it provided a new source with which
to meet the proj ected water requirements of the study area. Secondly ,
it effected a change in the existing stre ams ’ flow characteristics and
provi ded the potential for land -us e changes in the flood plain . Based
on the foregoing factors , it became apparent that the was tewater managemen t
system could serve as a pri mary vehicle to meet the water and related land
requirements. In essence, a more effective wate r balance for the study
area could be obta ined and multiple usage of both the water and land
resources could be reali zed. In lieu of a detailed water use assessment ,
the inventory of needs from the comprehensive studies for the Upper
Mississipp i River and Great Lak es Reg ions were used. Among the water-based
needs cited , flood control , general recreation , fish and wildlife conservation,
ccmnercial navigation, and water supply were pre-eminent. These needs
served as the basic fra mework for evaluating the potential reuse and
redistribution of the treated water.

The potential for meeting the proj ected water supp ly requirement was
primari ly a problem associated with the Illinois portion of the study area.
The Indi ana portion has no constraints imposed on its use of Lake Michigan
wate rs . 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 trea ted water.

RESILUAL WASTE BY-PRODUC1’S

The cons tituents remove d by the treatment processes are actually the
consumptive was tes from the municipal and indus trial usage of our natura l
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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 coninercial fertilizer.
In the latter case, the sludge is used to provid~ 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 was tewater.

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 bui lder.
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 fertilize r for the
agricultural cover crop.

~IJLTIPLE - USE OPPORTUNITIES

:~nother 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 coim~itments are required. In both cases, additional
inves tments (although at a lower level) are neede d but the opport un ity for
realization is greatly improved. ~bst of the potential for the add-on gainare dependent upon the technology involved, but a few are affected by other
system components.
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SEcrIa~ IV - PLANN iNG OVERVIEW

PLA~ 4ING FRAMEWORK

As with any other program involving water and related land resource
developments , this study was directed towards the attainment of the
multiple 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
sys tems include d an evaluation of multiple-us e progr ams responsive to the
categ ories of need identified for the Upper Mississippi River and Great
Lakes Basins. Since these basin studies were concerned with the regions ’
resourc e management , they provi ded an interrelationship between the nation
and the reg ion (with its subdivision) for the production of goods and
services and population distrib ut ion . Conseq uently, any proposal to meet
the requirements of the C-SE U~ area would also contribute to the economic
development of both the reg ion and nation.

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

BASE APPROAC}1

The study effort was structured to facilitate the fo rnvlation and design
of the alternative was tewater management systems in a logical man ner. This
involved organizing the plan-formulation proce dure 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
successive ly screened and refined. This reiterative process emphas i zed a
contin i.~us evaluation of system - related impacts and effects . Involve d in
this interface with the planners were the socio-envi ronmenta l and institu-
tional eva luators as well as the vari ous segments that make-up the general
public. This inte raction helped assure that the alternatives retained
for final study would: (1) be as responsive to local , social , environmental
and economi c concerns as is possible; (2) contribut e 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 alternatives. Public meetings were held,
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fo rmal 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 concerned.

PLAN- FORM1JL&TI(~ 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 was teloads .
This provided an insight into the management and operational problems that
the area would eventually face and provided a p lanning 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 wh ich the storm water could
be used to meet the are a ’s water demands; (3) the recycling potential and
economic implication of various sludge utilization programs; (4) the economic
relationship, both capital and annual cos ts , associated with each technology ;
(5) the comparative advantage of combining or separating the collection of
storm wate r runoff and municipal and indus trial wastes; (6) economic
advantage of siting the treatment facilities relative to the water demand
centers ; and (7) the comparative advantages of intermixing diffe rent
technologies or using the technologies to accomplish othe r 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 implication s involved
in thos e alternatives retai ned for further study. As the first step, all
of the alternatives were redesigned to treat the 1990 wasteloads . Where
economies of scale and construction dictated, the 2020 requi rements were
retained as part of the system desi gn. Due to the volume of water involved
for redistribution , attention was focused on economies of transportation
and the use of Lake Mich igan 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 suburb an storm water systems was
increased to reduce the peak treatment rates and costs of the plant
technologies ; and (3) the rural storm 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 alternative. This information then was furnished to the public
to determine their viewpoints and preferences.

C-IV-2
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The third stage involved a refinement of the design for the individual
functional components and a more in-dep th assessment of the alternatives
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
c~irutted without proper regard to the growth patterns, environment and
life-style of the agricultural coninunity. 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 return” regimen now in effect. This meant constraints for the Illinois
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 mean t balancing this diversion and future
water requi rements within the 3,200 cfs limitation on Lake withdrawals
imposed by the U.S. Supreme Court.

Subsequent to the fina l desi gn , 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 desi gn, (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 , serve d as the basis for evaluating the
socio-environxnental, institutional and economic implications inherent in
each alternative .

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

SOCIO- ~~VI RON~-ENTAL STu DIES

PURPOSE

The basic purpose of this element of the study was to assure that the
socio-environmental impacts attributable to the was tewater 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 stu dy and interact with the engineering and institu-
tional studies to si.~cessive1y 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.

GENLRAL APPROAQ—J

The development of the impact evaluation procedure was based on an
analysis of the processes by which alternative 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 . ‘I hese 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 hrinan 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 alternatives or- the area’s environment and human
activ ities was evaluat ed 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
are a ’s trea tment system will be consolidated. Aside from the effects
that resource comitments impose on a conlnunity ’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-enviironmental effects associated with the system components and
the alternative’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.

IMPA~~ X~.ALYSIS ~EThODOWG~

In order to fulfill the purpose of evaluation, a procedure was needed
capable of describ ing 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
invo lved the use of a series of linked mat rices . The fi rs t , or A Matr ix
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(see Table C- IV - 1) n u m e r i c a l l y  rated on a compara ti ve bas is , the pos itive
or negative impact a part icular ~vstcr component would have on a ~et
14 cmvi ronmental c ~ -r~cnt s ftc ave rape ra t ings  devel oped for each
cliv! ronment ii ~-lcrii ’at in ‘lit ri .x ~-\ he the evaluation tear was ther u~~-das input to ~1atrix P see Tab i. e C- I V-2)  which assessed the impacts L

environmental condit:ons on human act ivi tic ~ . Again , a numerical ri tin p
on :1 comparative Harm s was done . ftis time to i dentify the posi ti~~ ori iegat  ive impact a change in an environ m enta l  element would have on the
set of ft categories that characteri ze man ’ s s t a t e - o f -b e i n c .  ftc acer -age
output ra t in g s  from -~a t r ix  -

~ . were then m u l t i plied by the a\-cr age ea~~ut
ratings from ~1at rix  B to obtain a gross rat ing (~~trix C). since t~~~~ :

pr Lna rv vector for the envi ronmental elements were corrunon to both ~, t r i c e s ,
a compa rative measure of the sys tems ’ components acting through the
env-i ronmental changes on the human dime nsions was obtained. The co~ -

parativ e measure or gross rating was then adjusted by a value vectcr (see
Table C-IV-3) to reflect the relative socio-envi ronrnental aorth (i”portarce)
of each of the 19 human dimensions . The gross ratings of -latriN C ‘~henmulti plied by the value wei ghtings , Vector \ ‘ , produced an a dj u s t e d  ser i e s
of ratings for both the indi vidual components and aggres~ate alternatives .

The evaluation team s which performed the assessrient established value
weighting constants which represented their opini on as to which human
activities are of mere relative “value” than other act ivi t ies . Briefly
st.n runated then , the evaluation procedure attached numerical ratings to
alternative was tewater management s stems and their components by fi rst
identifying the impacts on envi ronmental elements , then determining how
this affects human activities , and finall y ascribing a “value ” or
si gnificance wei ghting to those effects .  It should be noted , howeve r ,
that the evaluation was based on “hard” engineering data. This supportive
data included alternative descriptions and graphics arid sys tem
specifications . These specifications presented info rmation on the
physical ( resource) requi rements and output s of each a l te rna t ive .

Since inputs to the developed impact analy sis fo rmula shown Hel ow were
largely jud gmental , the numthers produced were used with iud gment , p r i m a r i l y

IMPAC T ANALYSIS FORMULA

WEIGHTING SYSTEM

MATRIX 
Al 

X MATRI X ~ [ ~ I RA TiNG
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TAB LE C-IV-l

~.tATRI X A
SOCIO - I RONI.ENTAL IMPACT i~ ALYSIS

VECI’OR SVE CTOR E 
SYSTEM EI~~~~ TSThDN?~ NT.~L ELEI’&NTS 
_ _ _ _ _ _ _ _ _ _ _

1 Collection, Transportation,1. Surface Water Quality 
~ Storage of Wastewater2. Surface Water Quan tity 

2. Treatment Facilities
3. Subsurface Water Quality 

3. Treatment Process(es)
4 . Subsurface Water QlJ~f l t ~ 

4. Liquid Effluent ~ Reuse
5. Air Quality 

5. Sludge Management
6. Sensory Quality of the Environn~nt 

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

8. Pote ntial Land Use and Facilities

9. Soil Quality

10. Mineral Resources

11. Energy

12. Access

13. Biotic Con~nunities

14. Uni que or Rare Things

C-TV - 7
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!‘AB LE C- IV- 2

~IATRI X B
socro - FNVI RO.\7-ff~’TAL IMPACT ~MLY~I~

\ECTOR E VECTOR H
I NVT RCN~VLNTAL 1IW.~XIH~ ITil IAN ACTIVITIE S

1. -~urface Water Quali tc  1. conui~ercia1 Production

~. Surface Wa ter Quantity 2. Industrial Production

3. Subsurface Wate r Quality 3. Food Production

4. Subsurface Water Quantity 4. Construction Services

5. Air Quality 5. Public Service

h . Sensory Quality of the Envi ronj~~nt 6. Private Service

Present Land Use and Facilities 7. Residential Activity

8. Potential Land Use -and Facilities 8. Migration

9. Soil Quality 9. Population Density

10 . Mineral Resources 10. Health ~~ Safety

11. Energy 11. Employment

12. Access 12. In come

13. Biotic Comunities 13. Qiltural/Educational

14. Unique or Rare Things 14. Public Finance

15. Recreation

16. .-\csthetics

17. Ecosystem Status

18. Political

19. Sociological

C- IV-8
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TABLE C-I V - 3

11111\N FACTORS WEIGIffS
Sod a - EWII~1NMENTAL IMPACT AXALYSIS

Factors Weights*

I%esthetic 2.8

h ealth and Safety 2.7

Ecosystem Status 2.5

Pecreation 2.4

Cultural/Educational 2.4

Public Service 2.1

Employment 2.1

Public Finance 1.9

Income 1.7

Coimiiercjal Production 1.7

Food Production 1.6

Private Service 1.3

Residential Activity 1.3

Couuimmity Social Structure 1.1

Construction Services .8

Community Political Structure .7

Industrial Production .6

Immigration -1.5

Population Densit -1.9

*weighting value s established by evaluation teams.
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on a re la t iv e  or comp ara t ive  b a s is . Inc luded w i t a  t h i s  ra t  in g  sy s tem  aas
th0 ~upp lement al wr i  t t cn  anal\ s is t h a t  i der t i fi cc! t a -  a or I p a c t  S O~~ he
sy s t em components on the unvi rormmental ci er’~’at ~- and t h e  !.ac cm d i n e i m s  ions .
i b i s  supple ment , toge t i e r  a 1 ti l t h~ ~h r l e t

_
i Y1~~ se ssmon s w h i ch to I lcaei each

ar~-cssr:~~nt , served not only to  exp la in  the r e su l t s  o~ t he anal~ s is , -ut  a lso
served as the R e — i s  for  :-~o d i t v i n p  s v s t c r ,  Jc -s ig ’n.

A more detailed e~~ l~uiati on of he flc t h~ hal a 
~ !~~ 

- -~er.t ed in

.-\ppend ix L.

PSI!  PU I Y~
’d 511 1111:-

PURPOSE

The basic purpose of this aspect of the study ‘~as to detenid ne the
institutional arrangements that would he necessary before any of the
alte rnative was tewater management sys tems could ha ’ iv:p lcne nte - . I .  In SO
doing , the assessment underscored the ins t i tu t ional  concerns that a O U L :

have to be considered from an operational and managertent stan~~)o in t .  10
obtai n this info rmation and incorp orate it into the p l anning process , da ta
concerning existing institutions in the region aas needed; -ctlccted criteria
had to be established by which to characteri ze the organizational qualities
considered necessary if the financial and managerial responsibilities
required by the new quality standards were to be met; and the types of
arrangements ~iich could be considered for either modifying existinginstitutions or establishing new institutions had to be generally described.

INSTITIrFICf4AL 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 arid 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  au tho r i t y
and functions; discussed the flexibility of the institutions’ revenue
sources by identi~~ing thei r financing methods, restrictions , and
allowances ; described the elements affecting manpower availability such
as job regu lati ons , trai n ing opport uni t ies  and certi 1ication , compen-
sation, job image and career ladders ; and identified the existing
manpower situation in thes e institutions . This data sub sequently
served as one of the bases for assessing the inst i tut ional  imp l i c a t i o n s
of the various alternative svs tenls conside red duri ng the study.

INST IDJf I~~ AL QUALITIES

.\ list of institutional qua l it ie s con si de red necessar  to meet t h e
new f ina ncial and org aniza t i onal  requ i remeiits imposed by sv~ teri opera t i on s
was prepared. In effect , the list served to hel p i d e n t i f y  the i n s t i t u t i onal
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problems and di rect 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 reco~~ized that the qualities were not completely
compatible with one another in a l l  c i rcuz i ~ta~a e - . ft~ qualities , bc ~-;c-.cr ,
did represent general needs for institut ional viability ~~ich must beweighted to satisfy overall objectives . Basically , the institutional
qualities were categorized into three broad areas: economic, adniinistra-
tive and political. Involved were the concerns for institutional ability
to: accon~nodate change ; have an adequate financial base together with
control for operation and enforcement; and be politically accountable
and responsive to the public interest.

INSTI11JTIC !~AL ANALYSIS

The institutional requirements im posed 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 alternatives 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 alternatives and for modification of system design.

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

PUBLIC I NVOLVE1~ENT

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 was tewater management systems . The nature and extent
of the public participation program is discussed in the following
paragraphs. ihere were basically three major categories of involvement:
Public Meetings, Citizens Advisory Committees and Work Groups, and
organizational and media briefings . “Public” in the sense used here
includes governmental or private agencies, organizations, groups, or
individuals other than Corps personnel and its consultants.

Transcripts of the public meetings have been made and are on file
in the dhicago District Office for review. Details of the entire public
participation effort are summarized in Appendix H.
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PUBLIC ~a :Li iN r

Mu -ce pub ! ic m e t  ngs .~cr• sch edu le d to be 1w -id during the course
of the studs- , the final  not I cing held u n t i l  comp letion of the study
e f f o r t .  Because of the i n t er s t a t e  nature of the C-SEUt area, separate
meet iags we re iw ~d in  each tate  during the p lanning process . In each
case , the notice of publ ic  meet i ngs were widel y distributed to all
kn own interested arties in o rde r to provide for the broadest possible
presence of the interes ted public .

die i n i ti :d  publ ic  meetings we re held  on 2~ Feb rnary 1972 in
li~ umois , u-id on 7 ~iarch l~hR in Indiana. The general approach of the
plann in c nrocess was presented to help the pu b l i c  unde rs tand the soope
01 s tud , th e need fo r involvement , the genera l time frame of the study
ef fo rt , and how the planning service could be of use to the local
governmental agencies and area residents . During the second set of
public meeti ngs , the intermediate set of alternatives were presented.
The presentation involved a level of detail that allowed the various
se onents of the public to see how they may be affect ed. These second

of meetings we re held on 14 September 1972 in Indiana , and on 18
~ent emher 1972 in I l l inois .  The types of info rmation presented included:

Pie  major impacts of the various alternative sys tems on local areas ,
ident i fied by use of maps and visual aids; (2) the effects of the
alternatives on the planning objectives of the region; (3) explanation
of plant and land treatment technolog ies ; (4) the type of institutional
arrangements requi red fo r imp lementation ; and (5) the comparative impacts
imposed Nv the plant and land treatment systems in both the study and
out ly ing area. All of the sys tems received equal eriphasis in presen-
tation , although not in response.

Sub sequent to the general public meetings held in September 1972,
tic planning criteri a used to design the land treatment system were
sig n i f icant1~’ changed. The changes reflected the concern raised by
both the socio-envi ronmenta l evaluators and the residents in the land
site areas . .-U though the alternatives under consideration included
var ia t io ns of the three t i-eatment technolog ies , it was Land treatment
that  became the subject  of mos t questions and pub l ic concern. In response
to t h i s  concern the Chicago Distr ict  subsequently held a series of public
meetings in each of the three basic agricultural  areas that could be
affected if some form of the land system were to he implemented. These
wer’~’ held a f t e r  the land system dc-s ign had been revised. The meetings we re
held on 12 Parch 1973 in - J o l i c t , I l l i n o i s , 14 March 1973 in Woodstock ,
I l l i n o i s , 15 Parch l~ Th~ in  Dci’btte , India na and 3 April  l9T ’3 in iVatseka ,
I l l i n o i s .  Ihe prima ry purpose of these meetings was to ascertain the
v l y a a o i n t s  of the ag r i cu l tu ra l  community in rega rd to the pot ent ia l  use
of t h e i r  lan ds for  t r ea tment  of wast ewa te r  from the C-SE LP area. Conse-
que nt lv , these :::eet ngs a t-  ma has i cal lv conf ined  to exp laining h ow the  lan d
t reatment sy stems would work ~n d  how it could affect the e x i s t i n g  life
st ii’ of the a g r i c u l t u r a l coriunuli i t v .
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CI TI:I:NS ADVISORY CO1~ II TTEES A.\i h 1iI~< Gi~hUi’~

On- going communication had to be es~ a~li~~ oJ ~~~~~~~~ he-’: n3titutions
and various civic interest groups to su:i’lement ~h - ~:uL i c  !neetirlgs The
representatives of these ent i t ies  provi ded thc - de roe C~ clase coc-rci i -

nation that was necessary in the p l anning pre c e-  s. ~h c -r e we re nunerous
fo rms by which the coordination was affected , incluthng advisorc groups,
wcrkshop sessions, technical and non - technical con ferc-nce’~, and individua l
meetings with various civic organizations. The intent ~as basically tokeep all key civic groups info rmed of th e sted y effort  amd in turn
receive inputs for continual refinement of the al ternat ives .

A so-called “Steering Committee” was formed to better organize the
interagency relationship between the Federal, State and major local
agencies. The role of this committee was to insure better communication
and exchange of agency viewpoints, particularly those involved directly or
indirectly with wastewater management. Committee membership included
representatives from those Federal and State agencies concerned with water
resources, environmental quality protection, and public health; multiple
governmental levels of planning, public works, and transportation agencies;
major sanitary districts ; and key civil action groups. The committee
meetings did not replace , but only supplemented the normal channels of
inter-agency communications .

A Local Planning Organization and Sanitary Districts Advisory
Committee was organized to involve local agencies in the planning and
screening processes. In this way , the viewpoint and expertise of the
membership in making kn~~n its position on all issues, provided neededinput and assisted in the conduct of the study. The committee included
representatives from County Council of Governments, Planning, Public
Works, and Sanitary Agencies, City and Town Treatment Facility Managers
and representation of the Illinois State Office of Planning and Analysis,
Indiana State Budget Agency, Illinois Association of Sanitary Districts ,
and the Illinois Section of the American Society of Planning Officials .

A Commerce and Industry Citizens Advisory Committee also was organized
to facilitate working directly with the major commercial and industrial
entities in the study area, particularly those directly or indirectly
concerned with water and land usage. The role of the conimmittee was two-
fold: one to present the viewpoint of the membership, making laiown its
position on all issues; and to provide specific design input required
for the conduct of the study. In providing studs- input , members of the
committee assisted the Corps in projecting trends in commercial and
industrial water usage and recycling, on-site wastewater treatment,
sludge disposal, and the economics implicit therein. The committee
included representatives from the steel , oil , coal , gas and manufacturing
industries, investment, finance and merch andising f i rms as well as
engineering and industrial development organi:ations .
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A Conse r’ ation and Envi ronniental Interes ts Cit izens Advisor-v
y-cnn~ ttee  aas fo rmed to obta i : i  input  from t e~ e c t izens concerned t~ithconservation , recreation and ci than c er r~-nt of the envi ronment. The rol-
o: the con un itt ee was two-fold:  to make known its posi t ion on all issue s ;
u~d to provide info nnation on which to base canser;at ~cn- relat ed ~ro~ r~~L’~.
In i -ecii-ds to the latter role , an Ad-Hoc subconuni ttee aas formed wh i c h
ass :st c- d i n the prepa rat i on of a prototyp e model for the enhancement and
—~i - -e  use of the flood plain and adjacent lands. T h i s  substudv addres ed
the concern as to the future use of these lands once the (flood) control
of surface runoff as a point source of po l lu t ion  was achieve-i . i b i s  ~. ; e
of program would he supp lemental to the s t ructura l  improvement r e q u i r d -~:er  the tecimical hat er  q u a l it y  goals and would provide an e f f e c t i v e
balance in the development of the area ’ s water  and land related resources.
The composition of the comittee include representatives from national ,
regional and local environmental and conservation groups, women ’s and
students ’ organizations, wildlife and recreation federations and coalitions ,
and concerned individuals .

Separate work groups were formed in each of the three basic agri-
cultural areas. Each included a cross-section of the agricultural
comunity. Formation of those work groups was delayed un t i l  the planning
process had reached the stage of identifying the specific area ’s
warranting detailed study. To facilitate the work groups involvement ,
a paper was prepared entitled ‘The Use of Land As A Method of Treating
Wastewater (Its Meaning to the Agricultural Communit )”. A revised version
of this paper is contained in the Annex to Appendix B. The paper exp lai ned
the design concepts of the land treatment technology and i l lustrat ively
demonstrated how the system could be operated if implemented. The role of
the work groups was to make kn~~n area’s concern relative to the design ofLand t reatment sys tem and to help assess the impact on the life style of
the agricultural area. The composition of the work groups included
representatives from the U.S. Soil Conservation Service , State Depa rtments
of Agriculture , Soil and Water Conservation Districts , State Agricultural
Extension Services, farm bureaus , county boards , p lanning commissions , heal th
departments, State universities, environmental organizations , financial
interests, news media , and individual farmers.

()RGANEATIONAL AND MEDIA RRIEFI\1 5

During the study period, formal coordination meetings took place i..ith
a large number of Federal, State , regional and local agencies . These
meetings can he divided into three major categories: (1) Briefings at
various study stages and exchange of information ; () Coordination on
resource development and recreation ; and (3) Technical discussions of ~~~~and disposal systems. The degree of coordination and cooperation varied
considerably, depending upon the inte rest and manpower capab i l i ty  oi~ the
par t icular  agency .

C- i v —  14
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Concur rently , special efforts were made to keep the public informed
via the communication media. This involved press briefings and partici-
pation in radio and television programs. Individual presentations
concerning the study also were g iven in resp onse to invitations from
a wide range of local organizations . All of the above took place in
addition to the Advisory Committees and Agricultural Work Group meetings.
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SThAThCi t1$IDL J~A 1 I(~~S

Ia comp ] iance w:ith the study ’s tectLnical goal and Ccagxess~ onal
di rectives , since reinforced by PL 92-500, major emphasis was pl aced or.
th0 desi gn of alternative systems to meet the NDCP objecti ves . At the
same time, plans were formu]ated to meet current standards . The Latter
would also serve as a comparative base for evaluating the socio-
environmental , institutional, and resource implications associated .~iththe national NDCP goals.

The plans to meet existing water quality standards were predicate d
on: (1) accepting those improvements which were at or near the drawing
board stage as firm elements of the base pl an; (2) exami ning State and /cr
local proposals for future implementation and modification of the existing
system; and then (3) develop an opt imum plan(s), incorporating the concepts
of regionalization (economies of scale) and effluent (treated water) reuse
potential consistent with the identified need categories. In this way
the study could identify opportunities for improving current plans without
adversely impacting on the on-going progran is .

BASIS FOR SELECrIa4 OF ALTEPNATI~~S

Special effort was made to insure that the plan-formulation procedure
for the NDCP alternatives was totally uncommi ted to any specific design
approach . To do this , the initial set of alternatives were structured
to help establish pertinent planning and design parameters. Consequently,
the specifications for the initial alternatives were derived from a
“decision -mak ing matrix ” . This matrix was constructed tr facilitate
comparisons of changes in the system ’ s key components, thereby permitting
an analysis of the most effective manner in which to achieve the component ’s
function.

— To determine the n~rber and characteristics of the initial alternatives,
the functional components of a wastewater management system were defined
and considered together with key secondary planning factors. The key
svs~~yn components included the functional requirements of collection
facilities, treatment processes, and the handling and management systems
for residual wastes. The secondary factors selected as significan t design
considerations were regionalization (economies of scale), conservation
(recycling) of industrial processing water , water reuse to satisfy local
needs, and specific resource philosophies such as greenbelts to reflect
local planning goals. These factors, in essence, provided the framework
for the basic “decision-making” matrix. See Figure C-\-’-l.

4
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INITIA L ~ \TRI X CRI TE RI A

Based on the foregoing, the criteria for meaningful differentiation
between ~ltemative systems were developed in detail. These criteria
(m&pendent variables or significant planning options) and the rationale
used to constrain or eliminate those not used in the matrix are listed
belnw.

A. Level of Treatment - Effluent Quality Goal

1 . Current Standards

2. No Discharge of Critical Pollutants

a. Direct - Designed to achieve immediate attainment of NDCP
standard.

b . Phased - Initial upgrading to existing standards, then pro-
ceeding to achieve higher quality goals. This criterion was
considered a refinement applicable to all NDCP alternatives
and not a differentiating factor. Therefore, it was eliminated
from inclusion in the matrix .

B. Treatment Technology

1. Current Standards - Conventional Biological Treatment Plants

2. No Discharge of Cri tical Pollutants

a. Advanced Waste Treatment (AWT) Plan ts - Advanced Biological
and Physical-Chemical .

b. Land Treatment (AWT) Facility - All effluent will have received
the equivalent of secondary treatment before being applied to
the land.

C. Water Reus e - Direction of Emphasis tc~ard reuse optimization

1. No recycling, no reuse - This criterion was not to be used for
differentiation since it is contrary to current trends and, thus,
was elimi nated from inclusion in the matrix.

2. Maximum utilization of reuse potential of the final effluent.

a. Maximum utilization of the recycling potential (primarily
industrial) only. This criterion is reflective of conditions
under current treatment standards, hut not applicable as a
differentiating factor for the NDCP alternatives.

C-V- 3



~ 
~~~ -—-- -- —~~~~~~~~~~~~~~~~~~~~~~

——-
~~~~~~~~~~~~~

--

b . ~-taximum utiii~ ;it ion of recy c l ing  and the reuse potential of
the final effluent. 1hjs criterion retained as a constant
for all NDCP alternatives since i t  is responsive to the
intent of PL 92-300 .

P. Economy of Scale - Regionali:ation

1. ~1axi1m1ni consideration of existing institutional arrangements and
proposals for consolidation of treatment facilit ies

2. Disregarding exis ting ins ti tutional arrangement and providing
consolidation of facilities

a. Within state boundaries only.

b. Within entire study area.

L. Collection System - di rection of emphasis according to source

1. All-comb ined sewer system. This criterion was not used to
differentiate between systems designed to meet current standards
since the need for storm water capture and treatment was not
specifical l y required.

2 . Retention of the present (and proposed) combined sewer facilities.
In all new facilities, storm water collection to be separate from
domestic or industrial wastes. Implicit in this NDCP criterion is
that no rural storm runoff will enter the collection system.

3. Elimination of all or most of the combined sewer facilities . This
criterion is not to be used for differentiation. The combined
sewers are located in urban areas and restructuring sewer systems
obviously would be too costly and the socio-environnental impact
too severe.

F. Non-St ructural Elements - Direction of emphasis for their employment

1. Employment of existing non-structural elements only

2. Maximum utilization of all reasonable non-structural approaches.
This category was dropped as a differential between alternatives.
Instead, it was decided to incorporate the non-structural
considerations as part of the system design and/or as an add-on
program to the wastew ater system. -‘

G. Sludge ~tanagement

1. Emphasis on current sludge hand ling and disposal methods

C-V- 4



Emphasis on the “Liquid Fertili :er” concept

3. Emphasis on recoverv (conservation of resources) of al~ recove rable
sludge constituents . This category was also dropped as a differential
between alternatives. Instead the sludge management proposals
were incorporated as add-on options to the individua l al ternative s
and evaluated separately.

II. New Systen Concepts - Synergisms

1. Emphasis on utilizing the “Synergistic Linkages” concept (implies
use of infl uent and of treated wastewater at various stages of
treatment up to but not including final effluent)

a. Cooling water service to thermal and/or nuclear power
generating facilities by wastewater system

b. Relief of rural storm water problem through simultaneous flood
relief, low flow augmentation and aquifer recharge

2. Emphasis on utilization of the “Limited Access Sewer” or “finger
plan” concept developed by the regional planning agency (NIPC) as a
means of providing open space and recreational lands

3. Emphasis on utilization of the “Cluster System” concept involving
nultiple usage of (existing) facilities as base treatment points
to advanced treatment plant(s).

All of Criteria “H” were removed from consideration as variables in 
- 

-

constructing specifications for the initial set of alternatives . Instead,
it was decided that some of the synergisms could be better incorporated
as separable features of system design or as add-on programs .

FINAL MATRIX CRI TERIA

Based on the above, the eight main criteria (A through II) were reduced
to five. Further reductions of variables within each category resulted
in the following plan formulation criteria being used to determine the
initial set of alternatives:

A. Level of Treatment - Effluent Quality Goal.

1. Existing standards.

2. No discharge of critical pollutan ts .

B. Treatment Technology (N1XT only).

C-\- 5
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1. \ .h~uiced (~as te I reatu~ iit \ 1 ) 1 1 an ts .

a. hvsical-Chemical Icchnology .

h. \Jvanced Biolca~~ca1 [e~Jknologv .

2. Land Freatment .

c. ~~~~~

1. Lccvcle only . (current standards only)

2. Recycle and Reuse.

a. Option No. 1 for reuse (transport of t reated water to reuse
centers by pipeline .

h .  Option No. 2 for reuse ~transport of treated water to reuse
centers by stream and pipeline).

D. Reg ionali:ation - Economy of Scale.

1. Existing institutional constraints.

2. Regionalization:

a. A~T Plants: Regionalization within County boundaries
Lan d Treatment: 3 sites .

b. AWT Plants: Regionalization within State boundaries.
Land Treatment: 1 site .

E. Collection System.

1. Combined Sewer.

2
• Separate Sewer.

3 . Combination of Separate and combined sewer.

SELE CfI(}~ OF ALTERNATIVES

The foregoing criteria significantly reduce the number of alternatives
sys tems which could be formed. They would he different  from each other
by a minimum of one and a maxirmnn of five variables . However, maximum
diversity even i%ith this reduced criteria would still requi re too 1ar~e a
nuther of systems . In order to further reduce this nix’ber, a d d i t i o n a l  logic
was applied. The system specifications used to form what ultimatel y i roved
to be 17 conceptually different alternatives , are displayed in lable C-V-i.
Also shown are the minor variables not ident lied in the following log ic
discussion:

C - V - o
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CURREN’I’ TREAThENT STPM)ARDS

Develop two alternatives to meet current water quality standards.
Alternative 1 assumes the ntu±er and location of treatment p lan t s  (64)
provided for in existinh regional i : J .-ln S , e,\ ftufl hlsull to meet C . l -

- )n:11 -
tions . Alternative 2 in contrast with A] t ’niat lye 1 was i~~~~ 5j fl(C u.l C)

determine if economies and other beneficial c t t e c t s  could he achieve l
through consolidation (regionalization) of treatment plants (41) and
implementation of recycling opportuni ties .

~Iost of the industrial wast e\-:a r ’-- volume gene i atc~l cithin the study
area is discharged back into the watercourses rather t h I n  the rnun~~~ ial
sewers. This practice would be expected to continue if current s tan dar ds
were to he retained as the governing water qua lity  goals . Even so ,
industry would have to upgrade its treatment and incorporate these facil:ties
into their manufacturing processes . This would include expanding the
current t rend of recycling the was tewater which not onl ,- reduces the
water vo lume used, hut also the cost of treatment. ~there, however,existing plans call for coL ection systems to capture riiuriicipal and
industrial wastes and storm water flows, these were retained for both
alternatives . Separate collection sys tems were provide d for de”fs lop ing
areas with treatment of the municipal and indus trial was tes on i .

NI)CP TREAT?VENT LEVEL

Plant Technologies

Develop eight al ternative s tmp !i ;- ~ic ~ t h e  treatmen t plan t techni r iogie s.
Alte rnatives 3, 4 and 5 u t i l i : e d  comh iaeri collection systems fu r  con-
veyance of storm water and ;sas tewalcr to the treatment plants or storagE’
facilities , in Alternat ive 3 , the g4 p j eit uiLIr:0’ flu A l t  en It 3 VC I —snls
upgraded to the NDCP treatment leve l using th~- .- \d ui~ c~ -j Biolog ica l
treatment process .

An intern edi ate 17 p lant scheme wan ,1eve1~~~u~- l  fo t A i  ternat i ‘c 4
while a minimuii 8 plant layout was ut i  I i  cod in ~i to nuiT ye 5. Both
Advanced Biological and thy ica l-Che ln i  cal tFo tment ~~~~~~~~ WCF(’
alternately analyzed for th0 two alt~- i~ .otives . \lso developed wt~nt- - a
variety of sludge nIanagemen~ syst

moc includ i il~~ llg ri cultural utili cation ,
lan d reclamation and i n c i i i c n t  ion . -\ cost eV3f 11511 i Of l  C f  ihe thre e
alternatives was desi gned u’ demonst m i t e  the 0on~5n at i I i  t N  I if5 t \ ~i ’&~t 3
regionalizat i on , treatme nt chn o 1 u , , ui d ~ 1lf ~l ge len l I t - m ent 1’ract ices .

Alternative 6 was di re. t ly conç 1 iai It’ w I th the 111010 0 onomi ~ I
t reatment  technology opt ion i d e n t i f i e d  ii i  Al  ( 1 -n It l e e  S with th~ 

- o C ~~t ion
that the i o l  leet ion and treat itent s~ s tons for t-ois tcaat ~r CInd S on: — . I t - I

flows serC kept separate for thus : areas h it - Er -  resent l\’ ser iced by
sep a l a l e  col iec~ ion svstp ;a . I l:u: ‘hi ’ cost coi i q t a i : tb i  l i t  O t  C !  Sr fl. h a i t i ’

vcr .~us omb i nod col 1ectior~ and t e i  
r -

rfl L A f l t  sv 101) 1  1s11:, 11 I L S  t I - i  0,
coinpar i son of A i t . it - i t  I ~es S an d  (1
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tac  , i l t ~~~t a t ~ vcs :~~~~~
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11 an~.i l .  we re designed to demonstrate the effects ~~ t

’ eccn onlt -s o~ — c u l c
lconschJ,at icn ~ of land treatment sites ,utd a conp :hrison in co—I -

e f fec t ive ness between the plan t and lan d treatment technolog-~- . Cc~±inedcollection and s torm water storai’e systems were utilized wit h sludi’c-
disposal ugr ~cultura l r ige~ w i t h i n  s t t e  boun daries . 
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Alternative 15 was d i r e c t l y comparable to A lternat i ve 11 in all
respects except that i t  involved the use 0f lan d as a supp l ement to  the
area ’s larger key plants. Thus, the alternatives provide a corrrar:1t~ ve
basis for evaluating both the co st - e f f cc t ~veness of the treatment process
and the potential for using a combination of technologies .

Synergisms

Alternative 14 and 15 were designed to determine the feasibility
and cost effect on system design as a result of designing a collection
sys tem that physically follows the finger-plan of development for the - I

0-ilcago Metropolitan -\rea as proposed by the Northeastern Illin o is
Pl anning Cournission . The concept of thes e plans waild be to fo s t e r
growth along the major transportation corridors ( f i nge r s ) thereby us ing
the area ’ s in between as op en-space recreational lands .

Alternatives i n and iT ’ were di rectl y comparable to Alternat ive 11
and 12 except for the synergistic use of the land syStem ’ s st o r a c e
lagoons as sources for generat i ng pumped s tora g e energy and the d: o - - r-- l i ” : i
t ion  ot’ was te :e~it  fro m conv entional  powe r s tat i ons , t-~ite ico - Iri ct i on s
preclude d s imi la r  considerat ions for the t r e a t m en t  p lant  pro ce s— e~ - he
comparison between these sets of alternative s was intended to illus trate
the cost corrparahilitv and potential for co-s i ti n g .

,-\fl1) III ~ A1. ALTERNATIVES

~Jring t h e  c-cu i - se of developing th e  Jct , i~ led ~t ’e c i f i c a t i c n ’- , 0

were added resulting in a total of li~ ini tiai w a s t o ”s : i t e r  I ,L’niceflcttt
alternatives.

Fhe two :ioldi t i o n a l  alt er:at i yes cop c o - C O  th !flU t Feat ‘1€-al tech
nology in con - unct  ion w ith t h e  ‘- e r t  hc :i— u ~m . l i n  ci — - I :cut i :’a- -~ i ‘- -- an
open space f i ng e r p l a n .  - t

t
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~
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economi cs in u 0 i n g  the operl ~t acc “finge r” areas for treatment of waste -
water pr ima r i  iv s t ur n  a n t i - i )  as wel l as for rec reational usage . The
:uauut;c of wastewater to he t reated sas limited and app lied only at ni ght;
t oe day being reserve d for ftUl )llc useo-~. Open space needs were proj ected
and large acreage defined w ithin th~ s t udy urea which could he ut i l i zed
fu r  t r e a t  i rig the selected port  on of the pr o i ected w:istewater flows .
Ill Al te Sfl t t  1 Ce is the rena i ning unt reat~-d fl ows were conveyed to a
single land Site. In :Uto- iiiOt ivo 19, multi p le land trea tment si tes
were nsyu w i t : :  ho - remain ing flt as -~ t ranspor ted to the out lying
agricultura l ii’ e:h- ~ l u c : i t o - d at t h e  extens i ons of the open space “finger”
areas .

Fab le C-V - 2 shl l l : : :It e ’o t h e key components and comparative relation-
ships of the 19 ini~’ial wa stew ater management alternatives .

l IR S T STAGE PERSPECT I VE

o- - r t ~ nent info rmatio ri and g raphics rega rding the nineteen initial
a l te rna t ive s we re f urnished to the memb ers of the Citizens Advisory
Coninittees and [valuation Contractors (tzide r contract to the Chicago
Di strict in the form of a report entitled: “Was tewater Management
~tudc , i i i i c a g’j -~~o u th  Lnd of Lake ~-1ichigan Area, Progress Report No. 2.”

Pus publication contained considerable data on the basis of
desi gn and eng ineering details concerning t reatment technolog ies ,
sludge management , conveyance systems, storm water provisions, flow
projections , reuse of reclaimed water, synergistic effects, and the
cost of the alternatives, including cost basis and cost of alternative
components .

The main intent in formulating the initial set of alternatives
was to establish meaningful criteria for differentiating between any
wastewater management sy stem. The planning concepts alon g with the
design c r i t e r i a  we re the mai n considerations . The technical , reuse ,
and con servation i ssues and add-on potentials were the bases with
i~ ich the analyses were made .

.i.-\ i [R QUAL I TY (DALS AND FRIi -\ l’I~l lXF

Fo achieve the equivalent of the ND(~ water quality goals, the cost
of industrial pre-treatment will he materially inc reased. ‘l’here are
pote n t i a l  savings possible , however , i f  indus t ry was to discharge its
recycled n a s t ew a t e r into the r e g ional s~’stem. ‘ib is was the assi niption
used f or  the des i gn of the NDCP systems . Under th is  s i tuat ion , indus t ry
would s t i l l  he req ru red to  p r o - t i -eat i ts i~as t eu: i t o- r but would rely on
the ro g h  onal t reatnx~nt p lant to p rovide ‘‘final” t r e:I tnkcn t .

C-\’- 10
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The comparative analys i s  between al ternatives focused on the d~ fFeren-
tial in capital investment and operating costs between technologies and
between different levels ot ’ reg ionali:ation. Furthermore , the degree of
locational impact i~oth w i t h i n  and outside the C- SEU ’-1 area was of concern.
*11 have impacts on the comunities and counties outside the study area;
the disposal of sludge being the corir~on external  f a c t or .  .\ t h i r d  f act o r
was the variance and magn itude of other resource corT~ir i tments . ‘[‘he i n i t i a l
al ternatives we re designed to pro o’ide a framework hor -°uhsec ut’rt -cc:~luat ionof this aspect.

~L-’o\,Adi~ L\’-f dPi l (1\’S

Various options for the functional components of sludge disposal,
collection and conveyance systems and the reuse of the treated water were
also evaluated. Again , the interest was to establish meaning ful criteria to
di ffe rentiate between managerial concepts.

Sludge ~-1anagement

The sludge disposal programs for the treatment technologies was
primarily concerned with two types of residual was tes , biolog ical and
physical-chemical. Biological sludges are generated by both the Conventional
Biological and Advanced Biological plant processes as well as the Land
treatment system. Consequently, the constituencies are similar  and the
potential for disposal are comparable. On the other hand , sludge from the
Physical-Chemical process is chemically inert. This is due to the fact
that sludge is incinerated as part of the treatment process in order to
recycle the treatment chemicals and partially remove the an~ onia nitrogenfrom the wastewater. However, because of its lime content, the sludge
can be used on agricultura l lands for soil pH control and as a soil
conditioner.

The amount of sludge generated was also a concern. Preliminary
evaluations for treatment plants utilizing Advanced Biological treatment
processes indicated an expected rate of 1.0 ton of anaerobically digested
sludge produced per mil l ion gallons of inflow , while Phvs i cal -dhcmica l
treatment p lan ts were expec ted to produce sludge at the rate of 0 .5 ton
per million gallons of raw sewage treated. Land treatment was expected
to produce 0 .8 ton of anaerobicall y s tabil ized slud ge per m i l l i o n  gal lo ns
of inflow , as are existing Conventional Biolog ical treatment plants.

hosed on the foregoi ng, various options were inve sti ated with respect
to their suitability for such sludge management techniques as agr i cul tural
utilization , land reclamation , land fill , and incineration. I’he potential
sites sui table for each option were located both inside and outside of the
( :-SE LM area. The lop I i cah le  lan d disposal sites , management ‘k ’thods and
t rea tment  Olai l t  si  id~ t ’ t - 1- 1t c’g conside red are i dent i l i ed  in  ib Ic C - \ ‘ - 3.
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Collection and Conveyance Sys tems

For the purposes of design , management of the storm water runoff in
the entire C-SE LM area was divided into three categories: urban, suburban ,
and rural . Where the cc~nbined dry weather and storm water collection
systems exist , such as for the City of Chicago, Illinois and Gary , Indiana ,
these ~~re incorporated into the system design of all alternatives . Also
included were those improvements being planned to supplement the capacity
of the comb ined sys tems for the MSDGC area . The geograp hical area serviced
by the combined sewers are shown in Fi gure C-V -2. A schematic diagram of
the urb an storm water concept is shown in Figure C-V-3.

In the suburban area , two options were considered. The first involved
the installat ion of sewers to handle the combined overfl ow of storm water
and sewage. The second involved provision of separate collection and
conveyance systems. The separate storm water management system included
a network of collector lines and storage sites designed on a modular basis
to deliver the runoff to th e treatment sites or access points of major
conveyance systems.

The strategy for the rural are a was different. The basic approach
was to utilize on-stream impoundments and/or off-stream pit excavations
to capture and regulate the storm runoff so that it can be subsequently
irrigated (Lan d treatmen t sys tem) on adj acen t agricultural lan ds . A
schematic diagram of this storm water management concept is shown on
Figure C-V -4.  Management sites were assu’ned to be uniformly distr ibuted
in the rural areas at the rate of one 1.2 MGD detention pond per 2000
acres. It was assumed that the drainage design for this portion of the
region will include local land t reatment of the maj or runoff in order to
prevent increased levels of nitrogen and phosphorus being induced into the
C-SE LN wateiwavs . Suitable retention capacity was included to provide not
only an effective flood reduction but also a restricted water-based
recreational program.

For the purpos es of this s tudy it was assuite d that the collection
system for municipal and industrial wastewater flows would be extended
by local interests to the 64 plants recommended for consolidation by the
regional planners. The costs to achieve this base condition , (Alternative
~~ 1) were not included in this phase of the study. These plants served
as terminal points for the collection systems of the storm water runoff
and municipal and industrial flows . In addition , these same plants served
as access points to and beginning point of the major conveyance systems
requi red for t ransporting the combined flows to the regional treatment
plants . All of the conveyance pipelines and tunnels have been placed
within public right-of-ways such as streets , highways and public waten~aveasements in accordance wi th current planning and construction procedures.
In so doing , it elimi nates wha t would prove to be a costly and time-consuimini~procedure for obtaining easements and minin g rights from an indefinable
n iinber of i ndiv ’idual p roperty owners .

C-V- 14
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keu~—e 1-ac :lities

The ~aci  I i  t ies assoc iat ed  w i t h  t i c  reu -o e- of t i , e  t ~-~~ ted - a ~ er  we-re
des i~ ned as u~ odd - - ~n ~- - i i  u re- t~ al  c n ccc . ~ ci  m in i n: need
centers ~ere es tab l ished  o deteniii ne tN d~ oree oh ~or is h~~t ion p o c - i b l e

tb the van ou~ -ite r muia oemeo t re- c incu s . ftc p r i o r i  t ies ond i — ; ~~ to
quan t i t i e s  ~\er e : F i r s t — r  on tv for - -: l t c r  -u i -p ly re -nm cOt  -

~ of 34o
“ED ; secon d p r I o r i t y  h er  recreat ional  st i ’ e;un : low ~~ ~ 1 ‘ tm t : . I  ~~d

pr i or i  tv for maintenance of nav i ’~at ion flows c~ -Oo - 3 , 00 0 . 0  o t , o - - i
water supply def ic ien t  o l-e as were  located in  the ~c e s t e- i~~. : -  - 

t L O f l  0 !  t I l i --

a rea ~%tiere the sha l l o~ aqul fer  sms t e l  : 0 5  w o n  : - : 1 : eO - & , o:nd 1

sustainable level. I k e  redistribution (recreational ~1oo c I so - t e l : :  l%~~s
desi gned fo r some 4 )  major streams and t r ibutar ies . Of in te re s t  -oI~ ‘L I - c
impact of the treated storm water runoff on the stream flow ;- :ittern s in
the area and the capabil i ty of the streams to carry the increased peN
flows (regionali:ed plamt discharge and runoff)  wi thout  ove rt ank d ;u -m~e .

Two potable water supply opt i ons were established , 1 rina ri ly t o
different iate between the methods of delive ry to the need centers . in
Option 1 , managed rural storm water was brought by a pi pe col lec ti on
and distribution system to the potable supply deficient areas , supp lemented
by make-up flow p iped f rom Lake ~-tichi gan to DuPage County , I l l i n o i s . In
Option , managed rural storm water is carried by means of surface stream -
flow mixed with reclaimed urban-suburban wastewater and then punped to
the potable supply deficient areas ; once again supplemented by make - up
flow piped from Lake ~1ichigan to DuPage County, Illinois. A water  balance
that illustrates the reuse concepts, for the majority of the a l ternat ive
plans is schematically shown in Figure C-V-S

PGA’ER SYNERGI S~-1

Reg ional system des i gn provides the opportunity for expanded and
mult iple  uses at a reduced but additional investment level. Priniarv among
these is the opportunity for development of electric power generating
faci l i t ies  ~~ich would utili:e the storage lagoons at land treatment sites
as cooling ponds . For the ini t ial  set of land a l te rna t iv es  the use of
sto rage lagoons as potential power plant si tes both as cooling ponds hor
t he generating stations and/or p tinped storage f a c i l i ~ i c’s were investi:at ed .

The sites for generating stations of 55 , 000 megawatts capac i ty
required in this reg ion by the year 2 020 could he provided by the lan d
utilized in a land treatment a l ternat ive , as could the cooling ponds and t h e
supp ly of m ake-up water for evaporation. The evaporation would he aNu t
12 MGD per 1 , 000 megawatts on an ann ual average basis. This o’~ould be roughly
600 ~‘- IGD for the ~5 , 000 megawatts , or about l7~i of the average annual desi gn
fl ow of the wastewater.

C - V - H



52 MGD
RURAL STO RMWA TE R r - 4

450 MGD
,~~~~~ ~~~~~ 

~~~~~N—’

RURAL STORMWATER SUPPLY

I .
~~~~~~ GROUNDWATER

SUPPLY -
~~- -
- 

-~

302 MGD 96 MGD -

45 MGD 1:

- -

- 
‘~ ~ 4 I  Z,

NEED - - - - - Lake
CE~~~~~~ R — :  244 MGD Michigan

POTABLE
WAlE R . . 

_~~~~~~ 2035 MGD
310 ~ç’ - -

96 MGD
379 MGD ~~~~~ -

GROUNDWATER 
-

~~~~ 

-

- - - -

780MG0 ~~~
~~~~~~~~~~~~~ ~~~~~~~~~~~~~- - - —~--.—--~--— -—s~- --:-- —5~~~-

- ’
~ -~~~ --

TREATMENT ~~~~~~~~~~~~~~~~~~~~~~~~~
- -- - -

~
FACIL ITY

URBAN AND 
II25 MGD

SUBURBAN

GROUNDWA TER

277 1  MGD 
(?I

C
0 -
• /

201 MGD

- -

~110’

T,~
) T Y P ICA L *ATER

Fiqw e C-~~-~

I -‘ I~



-~~~~~~ -- C 

The l and s i t e  ooul ~i include pumped storage f a c i l i t i e s  which would
~eOt Fotc powe r duo 1UO : ~Ci iuds of peak demand. Pre l i minar y  desi gns
lnco rr— )rated a 5 ,

- 3 : H  H — - r  ‘ , 500 d c  capac i t’~’ ptu1~~ing s tat ion at a head
of 1,100 ft-ct . Ik e omen correspond ing to the energy in time is 1,100 ,000
i1c r c~-n (a\er or S~ 5 , 0h ~- m l o w a t t s , using appropriate efficiency . During
t I : ~ puoll ing per:s- d , the average dai ~~~~ f low from the tunnel system would
he nuTTed t o  th e  s-o r fa c e . ftc actual  number of gallon s discharged during
t }~e ~cnc rot~~m’ eeniod woul d be 10 , 000 mil l ion and the actual n~~~er of
~ol lcns  ma- :mt- m aol-. during a lb hour s pulping period would he 10 ,000
m i l l i o n  p lus 5 , 000 m i l l i o n  ~a11ons of tunnel flow for a total of 15 , 000
mi l l i on  -~-~~i-3fl5 . The sHe of the - unde rground reservoir would be about
10 ,000 : : ~ N m  gallons lus 1/3 of ti m e 5 , 000 mi l l ion  gallons tunnel flow
he r a t c t a ~ of l1 , ’OO CSC The reservoir space would be used for both
storm \~IL t er  and ec~-; e x- - -mate r  storage as the prob ab i l i ty  of occurrence of
— int u lt aneo us  de:- :an d for both would be ve ry small . If the underground
reservoir we re to he used for thi s purpose , less storm water  storage
could be provide d upstream , and a larger tunnel would be provided to
del iver  the sto rm water to the underground reservoir. However , this
possibili ty was not eva luated in this ini t ia l  al ternatives ’ design phase
of the study . A power ra t io  of 3 (used) to 2 (generated) is anticipated
for the pump-back operation as is usually experienced in these type
operations . Primary benefi ts  would accrue from : (1) obtaining peak
power at  reduced cos ts and (2) the internal economies attributable to
bei ng able to uti l ize base load demands during off-peak periods . The
benefits attributable to co-siting and using the wastewater for cooling
would be --aced on construction savings . Normally some 1.5 cfs of
t h r c u 0 h - f l o w  is required per ki lowat t  generated. Therefore , the benef i t
would he the net savings achieved in not having to buy the land and construct
the cooling basins . An illustrative drawing of the land treatment and
power p lan t combination is shown in Fi gure C-V- 6 . Back ground information
concerning this  synerg ism may be fo und in Appendices B and G.

PUB LI C I NVOLVEi-~ NT

Du01fl0 this sta~c of s tudy , various other work efforts  were initiated.
IVi th the amd Citizens ’ Advisory Committee for Conservation and Environment,
a ‘ Lon—e r v a t ion  Inventory and Needs” questionnaire was sent out to locally
known envi ronmental groups and individuals . The purpose was to determine
mO at types of conservation and recreational programs should be considered
w i t h i n  the study area. A copy of the questionnaire is included in
Appendix H.

At the same time , coo rdin at ion was init iated in conj unction wi th
sews - ra t  o the r  programs . - \ meeting was held with an “Ad Hoc ” group of the
Comc’rce and Industry Comittee . )f prime interes t was the future needs
of the area ’s two major u - i t - r  users and extent of recycling that would
be err-p loved i f the \T)CP ~oa 1s were to be imp leniented. Also of conce rn

C-k ’ - 20
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was (1) the fe as ibi l ity  for assum ing industry would discharge the blow -
down from its industrial process into the munici pal system rathe r than
the watercourses and (2) the degree of on-site , pre- t reatment that would
he required if the reg ional cyst s- n was to p rovide “ f i n a l ’  treatment .

Dis cussions we re also in it ia ted  w i t h  the ~l i d - l ~est Coal Producers
Inst i tute , Inc . concerning the i mp l ications involved in the slud ge 
ma~cment program for r ec i 1un4I t i on  o f  ~ur h im ce  in ned a reas . Info r-~at ion

concerning possible disposal sites was also sou~- O t .

I
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hLL~ I(t\ \I - 0L-~\- FOl~MJ LAT ION, INJU~ lld)I-\TE ST-V~
STAGE RE LATI ONSHIP

In the initial sta~e of the plan-formulation process , main emphasiswas -Iaced on di fferentiating between t h e  concept ual aii d fun cti onal
aspects of the sys tem components on a reg ional basis. No constraints
had been adopted relative to institutional cons iderations, resource con-
suirption and socio-environmental implications at the local level. Thel-e-
for- , a redirection in the design and subsequent ev a lu — ~t~ on mas needed.
Desi gn of the individual sys tem components were to be re fined and
redi rected to meet the mo re imediate needs of 1990 as opposed to the
year 2020 used in the initial stage . Furthermore , the resource irnp lica—
tions had to be assessed as did the impact on the area ’s social ,
environmental and economic structures. Land was isolated as the basis
of a separate evaluation . Its use impact was multip le , not only in relation
to the svsten1 components , but also in Ineoting other local and reg ional
needs . Greater emphasis was also g iven to the area ’s water balance
including the reuse of the treated water and the use of Lake Mich igan as
a source of supply . Finally , the economies of scale achievable from
reg ionali :ation had to be assessed in relation to such associated
problems as institutional , operational and geographical (service area)
balance . lcith this in mind , a screening of the initial alternatives was
undertaken . Two basic objectives were used: (1) to maintain a diversity
in technologies and sys tem management concepts ; and (2) to eliminate the
mere costl y and least effect ive functional system or sys tem elements.

WST CO~~ARTSON S , IN I TI AL ALTERN -VFIVE S

The following is a sunj nary of the cost relationship among the
i n i t i a l  19 al ternatives . It should be noted that the costs are compara-
tive and do not include the base costs which were common to all systems.
Shown in Table C-VI-l is a sunj iiarv of costs for each of the alternatives.
Not all s\ -stem elements are included in each a l t e rna t ive  nor are all
comparable as to component function .

LXIST IN C ST~\ DARD A LT ERNAI I VES

The reference p lan , A l t e rnat ive  1, has a total annua l cost of $385
million . ltith the increased economy of scale achieved wi th  the screening
base , this cost was reduced o $3b2 m i l l i o n  in Alternative 2 .  This is an
inh ica t ion  of the cost sav in g s  obtained through greater reg ionali zation .
C t C  water reuse option inc re;ise-~ this cos t ab out $5 mi l l i on . Both
alt s  r m mt ives lack the leve l of s torm m~ater collection included in the
\I)CP a l t e rna t ives .
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Alternative Total Costs
NO. Descript ion ($ Mill ion/ Year)

Fx isti ng Plans l~ithout Reuse 38 5 .5
2 lodi fied Bas e Without Reuse 36 .2 , 1
2 Modified Base W i t h  Reuse 3o7.l

-V)V~h-~C~ D - 1i2’L\’l PL-~NT ALTERN~VFI\T S

Reg ional i :ation

I c r the f i r s t  thre e advanced was te treatment a l t e rna t i ve --’ , reg~ 4)00 11 -

zation produced a cos t situation contrary to what was expected from economies
in scales , i . e . ,  the cos t increased with the lesser number of p l an t s .  Further
evaluation indicated that the economies in p lant were offset  b y the costs
in combined collection systems . Therefore, separation of the collection
system for storm water runoff was inthcated. The lower cos ts in Al ternat ive
3 resulted largely from a reduction in the amortized capi tal costs attribu-
table to the system when maximum use was made of existing facilities .

In Alternatives 4 and 5, the Physical-Chemical (P-C) s s  tens we re
somewhat less costly than the ~dvanced Biological systems ( -\dv . Bio.) when
using the same nu~iiier of treatment plants . The trend in dispersion for
both treatment systems also indicated that eight plants ma be too great
an employment of reg ionalization .

Alte rnative Nuiiber of Total Cost ($Miilion/Year)
No. Plan t Adv . Bio. P-C 

—

3 O4 1,l-hL S -

4 1/ l ,2F.9 1 ,107 .9
5 8 1,227.5 1 ,112 .h

slud ge Management Opt ions

The mul tiple site agr i cul tural opt ion was the least costi - - of the
four sludge management options when combined with the -\dvanced Bio log i ca l
syste m (Alternative -1 ) .  When the Phy sical-Ch emical process was cons juered ,
land reclamation (fill) appeared to he most p romising from a C a s t  l o a s i s .
For Al ternative 5 w i t h  ei ght p lants , the single site agricultura l opt ion
was the leas t cos t ly , a l thoug h the cos t difference between s i n g le and
mul i p le i tes was not appreciable . For the Ph ysical-Chemical sys tem
w i t h  - \ I  te rnative 5 , the land recl amation ( f i l l )  was a g a i n  the leas t c o s t l y .
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Sludge Mgt. Cost
Alt. No. of Sludge Mg-t . ($ Million/Year)

No. Plan ts Options Adv . Bio. P-C

4 17 Agric. - Single Site 13.0 23.7
4 17 Agric. - 14-&ilt. Site 9.9 26.5
4 17 Land Reclamation 40.0 7 ,2
4 17 Incineration 38.3 -

5 8 Agric. - Single Site 27.7 23.5
5 8 Agric. - l’tzlt. Site 30.6 26.1
5 8 Land Reclamation 39.4 16. 9
5 8 Incineration 38.3 -

WMBINED VERSUS PARFIALLY SEPARATE SYSTE~~

Altern ative 6 , using a combined and separate collection system was
shown to cost about ~‘32 million more annually than Alternative 5 which
used an all combine d sys tem . The additional costs , however , result mostly
from the incre ased nuith er of treatment plants in Alternative 6.

A l t e r n a t i v e  Cost
5 6 Difference

-Collection System Combined Comb . E~ Sep .
Nuiiber of Plants

-Combined 8 4
-Storm Water 4 -

-Wastewater 6
-Total N

Cost ($ Million/Year)
-Collection/Storage 379.6 381.2 1.6
-Treatment 714. 0 744.3 30.3
-Reuse 19.0 19.0 0.0
-Total 1,112.6 1,144.5

WATER REUSE (TPEAThENT PLI~NT ALTERNATIVES)

In the 17 plant systems of Alternatives 4 , 7 and 8 , Alternative 4
was sited wi thout any consideration of water reuse; water reuse being added
on as an option . Facilities in Alternatives 7 and 8 were sited considering
water reuse and then Opt ions 1 and 2, respectively, were incorporated. In
Option 1 water is piped from rural areas to the need areas , while in Option
2 the water is transported from the rural are as in streams . There was not
a noticeab le cost diff erence if plants are sited with or without reuse
considerations, and the two plans were essentially identical. Using streams
instead of pipes resulted in a cos t savings of about $5 million/year . The
resul ts for the eight treatment plant systems of Alternatives 5, 9 and 10
werc4 similar, with savings of about $6 million/year by using streams as
the transportation network .

C-VI-5 
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Alt. No. of Cost ($ Million/Year)
No. Plants Reuse Total

No rma l Plan t Siting 4 17 18. 8 1, 107.9
Option No. 1 7 17 18.8 1, 107.9
~ otion No. 2 8 17 13.6 1,102.7

No n cil Plan t S i t ing  5 8 19.0 1, 112.6
Yption No. 1 9 8 19.0 1,112. 6
~nt ion No . 2 10 8 12.9 1,106.5

I hC~ ~\-~-LC-GY COST COMPAIU SCt’

In comparing the Land treatment alternatives, there was a small
increase in costs for Alternative 11 using more sites, as compared to
Alternative 12 using a single site. Alternatives 18 and 19 employed
greenbelts with limited spray application, wi th  the surplus secondary
effluent sent to one site for Alternative 18 and to the greenbel t
extensions for Al ternative 19. The costs for these alternatives have
increased when compared to Alternatives 11 and 12 due to the larger
amoun t of land required for limited application in the park areas.
These latter alternatives, however, represent multipurpose systems
serving recreational and environmental functions which could make the
addi tional costs worthwhile.

Alternative 13 was similar to Alternative 11 except that two of the
land sites are replaced by two Physical-Chemical systems . The difference
in costs between these alternatives was quite small, resulting primarily
from an increase in costs by using a mixed Land and Treatment Plant system,
and a decrease in conveyance costs . The slight net increase indicates
there is a potential for combining treatment plant and Land treatmen t
fa c i l i t i e s .

The least costly Physical-Chemical system (Alternative 4) and the
least costly Advanced Biological system (Alternative 3), were more
expensive than some of the various Lan d alternatives in meeting the
: r a ~ment needs . Costing each of the systems without the provision for
storm wate r treatment illus t rated tha t  a large amoun t of the system costs
were attributable to storm water treatment. A comparison of these latter
costs to the costs to meet the present standards in Al ternatives 1 and 2
inJlcated that the costs for the NDCP goal are comparable in many cases to

~l -: r~ at i ves 1 and 2, although som~~hat more costly .
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Total Costs Total Costs
Treat ~~nt A 1 t e r n a t i v e With Storm Water W/O Storm Wa te r
Techno lo~~’ No. Description ($ Million /Year) ($ Million /Year)

Land 12 1 Site 799.1 466.9
Land 11 3 Sites 802.3 457.5
Land 18 Parks ~ 1 Site* 981.0 673.6
Land 19 Parks ~ Exten-

sions* 1 ,001.1 671.4
Mixture 13 1 Site ~ 2 P-C

Plants 804.3  479 .2
Phys . -chem 4 17 Plants 1,107.9 729.6
Mv. Bio. 3 64 Plants 1,149.5 815.4
Cony . Bio. 2 ?bdified Base - 367.1
Cony. Bio. 1 Existing Plans - 385.5

~Miltipurpos e Sys tens

SYNER1~ISTIC LAND SYST~~~
Alternatives 16 and 17 incorpo rate d an add -on for power generation

facilities in coordination with the waste trea~~ nt facilities . A com-
parison of Alternatives 11 with 16 and 12 with 17 indi cated a pot ential
savings in excess of $200 million/year due to the synergistic effect of
the power supply add- on. This saving rep res ented the eq~iivalent cost
investment that wonld have to be made by the utility and hence a savings
to the system.

Alt. No. of Power Cos t ($ Million/Ye ar)
No. Sites Md-on Total Diff.

11 3 None 785.3 -

16 3 Yes 577.1 208
12 1 None 782.1 -

17 1 Yes 574.2 207.9

SELECTICT4 OF DflEI~~DIATE ALTERNATIVES

Based on the results of the foregoing comparative cost screening ,
attention was focused on other screening factors particularly dive rsity
in technolog ies and management concepts . The eleven alternatives which
ultimately were selected differe d in effluent quality - either the
existing or the ND(P water quality standards ; by the number or degree
of regionalization ; type of treatment - Conventional and Mvanced Biological ,
Physical-Ch emical or Land; and by other factors . Table C - VI-2  identifies
the base alternatives retai ned for further study .

C-VI-7



TABLE C-VI-2

INTERMEDIATE STAGE ALTERNATIVES

- - - CURRENT STANDARDS - - -

xu~ COY\TiNTI~~AL BIOLOGICAL PL-~NT ALTERNATIVES OLD
c~~

A. EXISTING REGICt ’~AL PLANS (AU . I

B. ~UDIFIED BASE (OPTIMAL ) (ALT . 2)

- - - NO DISQ-IARGE OF CRITICAL POLL1T~ANTS - - -

AW~ (A- B ~ P-C) PLANT ALTERNATIVES

C. 1/ MAXIMJM DISPERSIa4 (64 PLANTS) (ALT . 3)

D. 1/ INTERNEDIATE D1SPERSI(}~, RANGE 1 (41 PLANTS) (NEW )

E. 1/ INTERMEDIATE DISPERS I CI~, RANGE 2 (17 PLANTS) (ALT . 4)

F. 1/ MINIMJ ’l DISPERSI CI’J (8 PLANTS) (ALT. 5)

G. CO~FINA TICt’~ OF AWT P LANT TEQ-INOLOGIES (NEW )

AW l , LAND ALTERNATIVES

1-1. SINGLE SITE (ALT. 121

I. DISPERSED SITES (ALT. l1 2

VARI ATIONS IN SYSTEM DESIGNS

PLANT l~ LAND CO~~ I NAT I ON (AL 1. 13) 2’

K . OPEN SPAGE (NIPC) ~ RECREATiONAl. DEVELOP~~NTS (.-U:i. 18) 2

1/ To he developed for )-oth Advanced Biolog ical and Phvs ical-Chemical tedrno1ogie-~.

2,— Modified version .
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SELECTED ALTERNATIVES

Alternatives A and B were designed to meet the existing standards and
corresponded to Alternatives 1 and 2 of the initial set. Both of these
al ternatives were retained for use as a comparative base. Al ternative A
is t~e reference plan (Alternative 1) and reflects the existing regional
~-‘1an s , while Alternative B is a modi fication of the base plan and repre-
~er.ts the optimization of existing regional plans . The former achieves
existing water quality standards with 64, and the latter with 41
Conventional Biological treatment plants.

Alternatives C thru K , nine alternatives in all , were designed to
achieve the adopted “No Discharge of Critical Pollutants” effluent standards.

Alternative C was designed with two options, either all Advanced
~ic~ ica1 or all Physical-chemical treatment plants, and represented a

maximum dispersion of 64 plants. This system corresponded to Alternative
3 of the initial set.

Alternative D was designed with the same two options as C, but
represented an intermediate dispersion of 41 plants. With regard to
selecting an optimum point for regionalization of the NDCP alternatives,
~~~ system represented an interim level between Alternatives 3 and 4 of
the initial set. The alternative was designated as intermediate dispersion,
Range I system. -

Alternative E was also designed with the same two options as C, but
represented an intermediate dispersion of 1 plants. This system corre-
sponded to Alternative 4 of the initial ‘zet , and was designated as
intermediate dispersion, Range II sys tem.

Alternative F was similarly designed with the same two options as
C, Lut represented a minimum dispersion of 8 plants . This system
corresponded to Alternative 5 of the initial set.

Alternative G was designed as a combination 17 plant system in
cordance with the objective to further evaluate the advantages of

combining technologi es. In this system , the five largest existing
~‘ia~ts--the North Side , West-Southwest, Calumet, Harmond, and Gary
p~s.its-- - we re upgraded as Advanced Biolog ical plants and emp loyed in
~ ü i h i f l~~t i C ~~ with 12 Physical-Chemical plants in the outlying area.
TLc rL ~ no alternative of this nature in the initial set.

-Uternative H was desi gned as a single large site land treatment
~:ten located in the Kankakee River Basin in Indi ana and Illinois. The

51’ tc-~ represents a n ini mum level of “plant” dispersion for this tech-
n~~c~ y and corresponde d to Al te n ia t ive  12 of the i n i t i a l  set .

C - \ 1  -9

—~~~~~~~~~~~ 
--

~~~~~
-
~~~~

.-
~~“

- - .--- -- - - -



r 

- - -  - __________

Al ternative I was desi gned as an inten~~diate level of “plant”
dispers ion for the Land treatu~nt system and consisted of six sites .
These sites were located in the Kankakee River basin area in Indiana , a
Will-G nin dy-K anka kee Counties site i n Illinois , a Kendall County site ,
and th ree Mcflenry County sites . The sys tem was a modified version of
Alternative 11 in the initial set.

Al te rnative J was des igned as an AWIT Pl ant - Land treatment combi-
nation sy-~tem. It is an intermediate dispersion alternative which
included the five Advanced Biolog ical plants described for Alternative G
plus scaled-down versions of the six land sites described for Alternative
I. As such, it provided a similar evaluation function as Alternative C.
The system was a modified version of Alternative 13 of the initial set.

Alternative K was designed as an open space - Land treatment combi-
nation system, similar to Alternative I in saiie respects. It is an
intermediate dispersion alternative which includes use of open land space
for recreation and controlled storm water irrigation application. ~ith
this open space spray application, the outlying six land sites were
re~.iced somewhat in size. The system was a modified version of Alternative
18 of the initial set and provide d the basis for assessing the worth of
achievi ng concurrently an increased and multiple level of environmental
enhancement .

ALTERNATIVES ELIMI NATED

These eleven systems continue d study on modified versions of
Alternat ives 1, 2, 3, 4, 5, 11, 12 , 13 and 18, and eliminated from
further consideration Alternatives 6 thru 10 , 14 thru 17, and 19 of the
initial set .

Of the 10 alte rnatives dropped from the initial  set , almost all were
formulated to help establish planning and engineering criteria applicable
to a part icular system component or its function . Consequently , they we re
no longer needed once their purpose was served and the criteria established.
Alternative 6 focused on the comparative advantages of combining or
maintaining separate was tewater and storm water systems . Al ternat ives 7
through 10 we re used to analyze the reuse imp lications , both the two options
and relative to plan t locations . Alternatives 16 and 17 we re used to
eva luate both the potential for power synerg ism and alternative sludge
disposal options for the Land treatment sy stem. Finall y,  Alternatives 14
and 15 (Limited Access) and 19 (Finger Plan with extention treatment sites)
were foun d to he too costly and were dropped since the same object ives
could be achieve d by -\l te rnat ive iS which was retained.

M()DIF ICATI c~ S TO DESIGN CRITERIA

Major chan ges were made at this stage of study relative to the h i~ is
used for s stem design . The changes were the r esults  of addi t ional  teci ln i
cal stud i es carried ion~ard f rom the start and the  eva lua t i on of the
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initial alternatives. The major changes concerned the design approach used
for: (1) storm water control and system design; (2) collection and con-
veyance systen~ ; (3) wastewater quantities; (4) water management ; (5)
sludge managements ; and (6) synergisms.

S1’ORM WATER CONTI~JL AND TREAThENT SYSTEM DESIGN

The change in the storm water management program was two-fold. The
first was related to achieving further economies in treatment plant design.
In this case, the capaci ty of the wastewater storage system was increased
and regulated pl.ulip-out was employed to reduce the treatment and con veyance
facility capacities required. Second, separate collection and more
localized dispersed storm water storage system was provided in suburb an
areas to reduce costs and achieve a more effective runoff controi .

(DLLE CTICN AND CONVEYANCE SYSTEI~~

Des igns of the collection and conveyance systems differed for the
urb an , suburb an , and rural areas . In urban areas , munici pal , industrial ,
and storm wastewater was combined and conveyed in tunnels. The combined
storage capacity, equivalent to 2.5 inches of runoff, as previously
established, was retained.

In suburb an are as , the storm water was collected separately and stored
in surface ponds or deep pits depending on land availability. Sufficient
storage capacity was provided for 2.85 inches of runoff. The increased
capacity from 2.5 inches permitted economies to be achieved in sizing both
the collection sys tems and the treatment plants . Reduction of the pump-out
rate and the peak diurnal (daily) flow permitted maintaining a more
reasonable (regulated) ratio of storm water to dry weather flows . This , in
turn , allowed the design of a more cost efficient plant both in terms of
capacity and operations . Storm water was conveyed from the storage areas
by gravity or force mai ns to access points wher e it was combined with other
wastewater for treatment. Figure C-VI-l shows the basic concept of suburban
storm water storage utilizing surface and deep pit storm water storage
sites . These storage sites were dispersed to enable local suburban collection
systems to deliver storm water directly to the storage areas. Storm water
was then moved from the storage areas through existing or future regulated
suburban conveyance sys tems to the access points . Wh ere open surface ponds
were used , the area would be graded and landscaped to be compat ible with
the surrounding developments . If desired, a permanent pool could be
incorporated into the impoun à~ent ’s desi gn. While b ody contact pursui ts
would be prohibited , the impoun~~~nts can serve as the base source of local
park-type developments . Pit storage will be required where sites are
limi ted and the area is highly populated. The pits will  he covered so as
not to he an aesthetic blight to the area nor a safety hazard for small
children. Space above these covered storage areas could he utilized to
help meet other con’rnuni tv needs , h e i t  recreation al , commercial or
mun ici pal.

C-\i-11
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ini tial alternatives . The major changes concerned the design approach used
for: (1) storm water control and sys tem design; (2) collection and con-
veyance sys tems ; (3) was tewater quantities ; (4) water management ; (5)
sludge managements ; and (6) synergisms .

S’FO1~s1 WATER CONTI~DL AND TREAThENT SYSTEM DESIQ~4

The change in the storm water management program was two-fold. The
fi rst was related to achieving further economies in treatment plant design.
In this case, the capaci ty of the wastewater storage system was increased
and regulated p~.m~p-~ it was employed to reduce the treatment and conveyance
facility capacities required. Second, separate collection and more
local ized dispersed storm water storage system was provided in suburban
areas to reduce costs and achieve a more effective runoff control .

CDLLEC~ION AND CONVEYANCE SYSTB~
Designs of the collection and conveyance systems differed for the

urban , suburban , and rural areas . In urban areas, municipal , industrial ,
and storm was tewater was cc~thined and conveyed in twmels . The coni ined
storage capacity 1, equivalent to 2.5 inches of runoff , as previous ly
established, was retained.

In suburban areas, the storm water was collected separately and stored
in surface ponds or deep pits depending on land availability. Sufficient
storage capacity was provided for 2.85 inches of runoff. The increased
capacity from 2.5  inches permi tted economies to be achieved in sizing both
the collect ion sys tems and the treatment plants . Reduction of the pump-~~1trate and the peak diurnal (daily) flow permi tted maintaining a n~ re
reasonable (regulated) ratio of storm water to dry weather flows . This , in
turn , allowed the design of a more cost efficient plant both in terms of
capacity and operations. Storm water was conveyed from the storage areas
by gravity or force mains to access points where it was co~~ined with other
wastewater for treatment . Figure C-VI-l shows the basic concept of suburban
storm water storage utilizing surface and deep pi t storm water storage
sites. These storage sites were dispersed to enable local suburban collection
systems to deliver storm water direct ly to the storage areas . Storm water
was then moved from the storage areas through existing or future regulated
suburban conveyance sys tems to the access points . Where open surface ponds
were used, the area w~ild be graded and landscaped to be compat ible with
the surrounding developments . If desired, a permanent pool could be
incorporated into the impoun~~ent ‘s design. While body contact pursui ts
would be proh ibited, the impoun~~~nts c~~ serve as the base source of local
park-type developments. Pit storage will be required where sites are
limited and the area is highly populated. The pits will be covered so as
not to be an aesthetic blight to the area nor a safety hazard for small
children. Space above these covered storage areas cc~..ild be utilized tohelp meet other coninunity needs, be it recreational, commercial or
municipal.
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In the rural areas , the basic approach, previous ly discussed , was
retained. The design of this rural system was , however, expanded to 422
units of 2 ,000 acres each . Within a typical module , a permanent pond
would occupy 100 acres and the land treatment site 240 acres . The
remaining area of 1,660 acres is the tributaxy area providing runoff to
the pond. These 1,660 acres will have essentiall y the same land use as they
now have and their use will be consistent with good conservation practices
necessary to prevent runoff into the streams . As before , the management
facility included a detention pond with a permanent pool available for
recreational use , a pt.rip station , irrigation rigs on agricultural land ,
and a ptnnp sys tem to reclaim the purified water.

WASTEWATER QtLW~ITIES

Shown in Table C-VI-3 is a breakd~qn of the anticipated wastewater
voli.w~e to be treated, projected from 1970 to the year 2020.

TABLE C-VI-3

WASTEWATER QUANTITIES (MGI))
(Intermediate Study Stage)

PRESENT 1990 2020

DQ~1EST1C - 
~O!+ERC1AL 1,000 1,235 1,72.0

INLIJSTRL4.L 3,450 1,240 1,205

S1D1~4 WATER (LESS INFILTRATION) l~~85 1,155 b155

5,635 3,630 4,080

These figures were revised somewhat from the initial phase of the
study, but were still subject to revision based on input from the Comerce
and Industry Advisory Conunittee .

WATER MANAGE1’EWF

Heretofore, the water balance for each of the alternatives have been
generalized reflecting an over-all framework of analysis . There were ,
however, signifi cant variances between the two broad categories of AWl’
technologies , i.e., plants and lands . The basic components of any system ’s
water balance were the water needs and transfer (transport) economics which,
when translated into use requirements, reflected the total water vol xne input
to the study area and regulated (output) flow regimen. Consequently , the
water balance had a direct impact on system design and costs . Initially , a
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base water need framework was established which would meet the projected use
deficiencies . The need categories included municipal and industrial water
supply deficiencies and maintenance of a minimum base flow for stream -
related recreational , esthetics , and public health concerns, and water-
borne navigation .

Results of the study ’s fi rst phase of investigation indicated that
the capture and treatment of some 2 1/2 inches of storn water throughout
the area resulted in an available water volume actually in excess of the
minimum level of projected needs previously used; moreover , the proj ected
population concentrations and regionalization (economies of scale) of plants
necessitated a controlled water t ransfe r in order to avoid flooding
and/or stream bank erosion . Thus , greater attent ion was given the
economi cs of water trans fe r within the study area ; the use of Lake Michigan
both as a source of supply and for return ; and the variances feasible for
consideration in meeting a range of needs outside the study area.

Planning Considerations

The maxiiTun volume of water avai lable for use within the study area
by the year 1990 would amount to 3,995 MCD. Of this amount, 379 MG) could
be withdrawn from grounc~ater sources (without depletion) and 1,155 MCD of
storm water runoff would be available after treatment. The balance, some
2,421 MCD could come from Lake Michigan with I llinois usage limited to
2,068 MCD by the Supreme Court decision. These figures established a frame-
work within which to analyze the transfer economics, legal allowances and
projected uses of the available sources , particularly Lake Michigan . A
breakdown of the water balances actually used in the design of the 11
alternatives is shown in Table C-VI-4.

The design of the NDCP plant systems utilized a base volume of 3,711
MCD. The requirements for low-flow augmentation in the interest of water-
born e navigation on the Illinois River (700 MCD) and recreat ional flows
amounting to 201 MCD for the selected 40 major streams and tributaries
were automatically met and even exceeded by effective transfer of plant
discharge. The outflow component of the water balance was maintained as a
constan t with 3,159 MGD discharged into the Des Plaines-Illinois River
Systems and 552 MCD returned to Lake Michigan - 72 MCD from Il linois and
480 MCD from Ind iana.

The desi gn of the pure land systems utilized a higher water balance
equivalent to 4,612 MCD. The difference (901 MCD) in water balance between
the plan t and lan d treatment system involved increased withdrawals from
Lake Michigan and changes in the return regimen. Greater emphasis was
placed on the use of Lak e Michigan waters , the resulting implications in
trans fe r economics and the net between withdrawals and returns . 1~~i1e
a general comparability was maintained within the C-SELM area , different
divers ion schemes which could be adopted for various types of synergistic
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TABLE C-VI-4
WATER BALAN(I (W~D) - (Year 1990)

Alternatives
Plants Land Land ~ Plant

(C-C) 1 Site 6~~Ties 6 Sites ~ (Al t J)
(Alt II) (Alt I) Open Space

(Alt K)

Area Input

1. Rural Storm Water 630 630 630 630 630
2. Urban ~ Suburban Storm Water 880 880 880 880 880

Subtotal, treated Storm Water 1,510 1,510 l,~IO 1,510 1,510
3. Ground Water aipply 379 379 379 379 379
4. Lake Michigan Withdrawal 1,822 2,723 2,723 2,723 2 ,023

Illinois (1,469) (2 ,370) (2 ,370) (2 ,370) (1,670)
Indiana (353) (353) (353) (353) (353)

5. Total Water Input 3,711 4,612 4,612 4,612 3,912

Area Distribution ((~itflow)

1. Lake Michigan Return 552 3,072 1,501 1,475 552
Illinois (72) (2 ,592) (1,021) (995) (72)
Indiana 1/ (480) (480) (480) (480) (480)

2. Des Plaines-Illinois River
O..itflow 3,159 1,540 3,111 3,137 3,360

3. Total Water ~1itput 3,711 4,612 4,612 4 6l2 3,912

Lake Michigan Balance

1. Withdrawal: Illinois 1,469 2,370 2 ,370 2,370 1,670
Indiana . 353 353 353 353 353

2. Diversion (Illinois only) 2/ 360 360 360 360 360
3. Return: Illinois — 72 2 ,592 1,021 1,995 72

Indiana 480 480 480 480 480
4. Net Withdrawal: Illinois 1,757 138 1,709 ~,73S 1,958

Indiana - - - - -

1/ Includes Lake Michigan withdrawal plus storm water runoff.
27 Diversion of storm water that normally flows into Lake Michigan .
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uses outside the study area were also evaluated. The outflow components
of the three water balances varied considerably with ultimate diversion
(from within or outside the study area) to the Des Plaines-Illinois River
system ranging from 1,540 to 3,137 MCD. Conversely , returns to Lake
Michigan ranged from 3,072 MCD to a minimum of 1,47 5 MCD.

SLUDGE MANA LNT

Based upon the analysis of sludge management options during the initial
~‘has e , the following management schemes were dropped from further con-
sidcration : A quarry site in Southern Indiana for disposal (land fill) ~Phyc ical -themical sludge; land reclamation sites in the Shawnee National
Forest; and total sludge incineration. Cost was the prime factor for the
options being dropped though environmental considerations did act as an
additional constraint. Incineration with its air emissions (particulates)
posed the potential for adversely affecting the existing ambient levels .
Concern was a.~so expressed over the possibility that the chemical sludgeswould aff ect t}’- aquifers surrounding the limestone 4uarry sites . These
added factoz - ~re sufficient to preclude further consideration of the
two options. Consequently, the intermediate study stage continued the
evaluation of land reclamation sites in Fulton and Knox Counties, Illinois ,
and of the use of sludge as fertilizer on nearby agricultural sites in
Illinois and J~diana for both the Biological and Land technologies . The
sludge from the rhysical-themical technology, because of its physical
properties , was limi ted to use as a soi l conditioner and pH control on
agricultural lands .

SYNERGIS~~
Recreational-Envi ronmental Stream Corridors

Through the efforts of the Citizens P4visory Committee for Conservation
and Environment, a special study was initiated to determine the feasibihty
of incorporating open- space land corri dors with the wastewater management
programs . As the area upgrades the water quality of its streams , the
recreational value of these watercourses will be increased. 1~breover, asstorm water runoff is controlled , treated , and used to augment the stream
flow, the Jpportunity to utilize the adjacent flood plain land for re~rea-
tional and environmental purposes is enhanced. Therefore , this special
study was undertaken to provide the basis for incorporating an effective
recreation and conservation program in the open space lands bordering the
area ’s streams .

In order to provide a realistic framework for development, it wa-
decided to select a stream for detailed analysis. In this case , the North
Branch of the Chicago River was used . The North Bran ch of the Chicago River
was celected because: (1) it involves an area where the residents are
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actively promoting specific conservation and recreation programs and thus
are knowledgeable of the local problems; (2) the nature and diversity of
the stream and land- related problems are such as to be considered typical
of those expected to occur over t ime throughout the study area; and, (3)
the demographic conditions (population characteristics) are considered
representative of the urb an area . Consequently , any plan which would be
responsive to the problems and opportunities for recreational and conser-
vation programs along this river would be feasible for being implemented
elsewhere.

Surface-Mine Reclamation

Coordination with the coal producers in Illinois was continued. Of
major concern were the liabilities involved, the reuse of the reclaimed
lands and the acceptance of the proposal by the local counties . Therefore,
attention was directed to establishing some guidelines whereby this
management option could be implemented.

Open-Space and Recreational Development

In connection with the desi gn of Alternative K, the open~space require-
ments of the regional planning agencies were obtained. Since the open-
space lands were designed to control growth patterns, continuous blocks
of lands could be located and used for treatment during the night and
recreational pursuits during the day . This concept was similar to the
one used in the Golden Gate Park in San Francisco , California. Uowever,
only storm water runoff from the sik urban and rural areas would be treated.
In this case, an underground sprinkler sys tern, rather than ovethead,
rotating irrigation rigs would be used to apply the storm water runoff .

Power Generation

The projections of the regional power needs were obtained from the
Federal Power Comission. The feasibility of co-siting the power plants
with the Land treatment system was discussed as was the integration of
the power into the grid systems of the locally designated power supply
areas . See Annex A to Appendix G. Refinement of the site plan if power
was to be incorporated into the Land treatment system was completed. A
sketch of one such site is shown in Figure C-VI-2 , as are schematics of
the other synergisms .

PUBLI C INVOLVE~ENT

During this time , many questions were being posed by various members
of the Advisory groups . Most were technical in nature and represented an
effort to understand the basis of design. Accordingly , a paper was prepared,
identi fying and answering the individual questions . This paper was then
distributed to all participating individuals . Work continued with the
major industrial water users in refining the projections of their requirements.
At the same time , discussions were held with a representative of the local
aggregate producers to determine if the rock mined from the conveyance
tunnels could be integrated into their market .
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SECTI(}I ‘ill - DESCRIPTIC1~ OF IN~ER~EDIATE ALTERNATIVES

Presented in this section are indivudual descriptions of the 11
wastewater management alternatives retained during this stage of study .
Also included are graphical layouts of the alternatives , depicting
treatment facility locations , treatment plant service area boundaries
and wastewater conveyance systems. All designs were still on a comparative
basis ; preliminary in nature and subject to refinements in the later
stage of study .

COM~I)N SYSTEM C~~’(~E~rS

STOPWATER ~LANAGEWW~ SYSTE~V5.

Urban

Common to all alternatives is the p roposed “Chicago Underflow Plan”
for the combined sewer area of the ?~~tropolitan Sanitary District of
Greater Chicago (~~DGC) . This plan incorporates storage in an existing
sludge storage lagoon area of the ?.~ DGC, and existing quarry and a surface
storage site . The tunnels which are mined in deep rock formations , augment
the existing combined sewers and prevent bac1o~ater flooding problems bothlocally and to Lake Michigan . The remainder of the study area serviced by
combined sewers, which includes portions of Harmond, Gary , Joliet and North
Chicago, would be managed in a similar manner. In this case , however ,
combined storm water and was tewater flows would be conveyed in force mains
to covered deep-pit surface reservoirs where it would be held prior to
controlled release to trea~~ nt facilities.

Suburban and ibiral

The suburban and rural stot,~water systems are conm~on to Alternative
C through K. Both were designed on a modular basis . For present ly
suburbani zed areas , with or without combined sewers , covered pits were
used, supplemented by aeration facilities to prevent odor problems from
developing . For those suburb an areas which will be developed between
the 19 70-1990 period , open ponds were used, draining some 2 ,000 acres .
The module size was similar to that used for the rural area . The
retention bas ins in the rural system, however , were si zed as 100 acre
units or five percent of the drainage area. Land treatment was accom-
plished on a 240 acre area adjacent to the retention basin.

WATER REUSE (NDCP ALTERNATIVES)

In-Stream Use

In the case of the plant alternatives (C through G) , the treated water
is pi.niiped to the headwaters of the major streams and tributaries selected

C-WI-i



.~

for recreational flow augmentation. While the reuse is common , the
degree of pumping wil l  increase along with the regionali:ation of the
system . For the land treatment alternatives (H through K) po rtions of
the wate r is returned to Lake Michigan via a return tunnel. In this
case, a pi peline sys tem is designed to p rovide Lake Mich i gan (~ ithdrawals~to the streams ins tead. The remaining water not returned to the study
area is used to augment the low-flow reg imen of the major stro:tr ~soutside the study area.

Potable IVate r Supp ly

Portions of the treated water from the rural storn~ ater management
sys tem were used to help augment the supp lies in the ground wate r
deficient areas . Two options were used to trans fe r the water.  [n
Option 1, which is common to Al ternati ves C th rough K , the reclaimed
water is conveyed where possib le via the streams to water deficient
areas . In Option 2 , which was only studied for Alte rnative E and H , the
reclaimed water is conveyed from the rural management site to the
defi cient area via a pipeline system. Common to both these reuse options
is a potable water supply pipeline f rom Lak e Michigan servicing need
areas in DuPage County .

SLUDGE MANAGE~ENT

For the current standard alternatives (A and B) the slud ge manage~ment system includes disposal of the ~vtSDGC solids via a pipeline to
Fulton County, Illinois as is presently proposed. This sludge is appl ieJ
to the land , ut i l iz ing land reclamation techniques . The res t of the
system would continue to truck thei r s ludge out to the niral areas as
they now do. Two options were used for the NDCP alternatives . Fcr
Alternatives C through K the sludge is app lied to rural lands for
agricul tural utilization purposes . The sludge is t ransported via p ipeline
to th ree disposal sites , located in ?lcHenry and Wil l  Counties in I l l inoi s ,
and the Kankakee rive r area in Indiana . The Physical- Chemical sludge is
app lied at the rate of 3 dry tons per acre per year while  the Biolog ical
sludge is applied at the rate of 13.3 dry tons per acre per \ e a r .  For
Alternatives E and H , biological sludge disposal is also u t i J i z e d  for
land reclamation techniques . This involves a sing le la rge sludge
application (150-200 dry tons per acre) to surface-mined lands in
cent ral Illi no is .

c-vu - :

~ 

- . .~~~~~~ ~~~~~~~~~~~. 



DESCRIVFIC.1’~ OF IW~ERMEDIATE STAGE ALTERNATIVES

(Alternatives A and B)
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ALTERNATI VE A

‘ i~~ a 1terna~ ive , ~~v~~r i in i~~~ui~ C - \i J-i reflects the level of
ec~ -olidat ion for ai dr o~l \c i ue .as t ewatL r :ianaoeme r~t sYstem as presently
propos ed by the r~~~.ona i planning ag ncies in t h e  stud area. This
alternative include.~ n4 p lants of ;.i~~i ....: ; o ~. e,~ ~~~~ These 54 n lants ,
o~eve r . would be exp anded to neet the 1 :rdJ . ~najnin~, 10n iant s  are pronosed for new construct~~r~. The a~tt~ r ~j ua1 i ty  goal is

h~~ .’d cur rent stancnrds :~~d ~:.nde i  i nes as •~~t hc~ tS. ~ th e  two
:-~~.i te- . Pencnd ~ n~ on t h e  ~r~ec if i  cs , ther e  are five bas iL  t •~~e~ i f

~rc~~:~~r t  ie’;eis:

ivoc A - conventional Secondary (Stream Dilution Ration 5:!)

P Conventional Secondarv + Filtration of 1/2 Flow

~Strcam Dilution Potion 1:1) for BOD and
SS reductions of 10 and 12 mg/i, respectively .

Type C - Conventional Secondary + Conventional Secondary + Filtration
of Total Flow

(Stream Dilution Ratio 1:1) for BOD and
SS reductions of 4 and 5 wgjl , ~esne ctiveiy .

Fyne U - Type C + Xitrification (Chicago ~ Calumet River systems)for aninonia removal to 2 .5  mg/ i.

Type E - Type A + 80% Phosphorus Removal (Discharges to Lake Michigan).

ALTERNATIVE B

Alte rnative B is si!ri lar to Alternative A in tenas of the effluent
quality goals and the type of treatment provided. ihis alternative is
further regionalized into a 41 plant system which abandons the smaller,
1-2 MGi) treatment facilities , contained in Alternative A. This alternative
is shown in Figure C -Vi I -2

Poe .ai~c ~t~~n~~atc r stc ra,~o sy s tem ~s provide d a~ in ;dten-iat~ \ e
i~I e conveyance system t e i n g  in the dr anuoned plants to re~ ional facilities
is based on tt~e re~uIated l i20  ~v~ ra~’c flows w h i l e  the treatment facil
i t i e .~ i re  de~~~n~ d for lh:) O
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DES~RIPTI~N OF IW1~~ 1EDIATE STPIcE ALTE1~ ATIVES

(Alternatives C , D and E)
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ALTERNATIVE C

Alternative C is similar to Alternative A in that the same 64 plant
system is used, but the plants are upgraded to meet the NDCP water quality
goals. Both the Advanced Biological (Option 1) and the Physical -Chemical
(Option 2) processes have been used to cost out this alternative. The
sludge management system incorporates the agricultural option on three
disposal sites. A pipeline system is used to pimip the recreational flows
to selected stream reaches while the treated rural runoff is conveyed via
the streams. All treatment facilities were designed for the 1990 average
flow conditions. When peak diurnal flows are proj ected to exceed the
plant capacity, storage is provided to regulate these flows. Existing
secondary treatment facilities are incorporated into the Advanced
Biological plants. For the Physical-Chemical systems, the existing con-
vent iorial Biological plants are abandoned and not integrated into the ne~.facilities.

ALTERNATIVE D

Alternative D is similar to Alternative C except that the 64 plant
system is consolidated to 41 plants . See Figure C-VII-3. The purpose of
this alternative is to determine the economics of scale feasib le of being
achieve d under the NDCP quality goal . The conveyance system interconnecting
the abandoned plants to the regionalized facilities are sized for 2020
capacity . This avoids the necessity for staged constructions and the
resultant higher cost. Recreationa l reuse conveyanc e facilities are nx re
extens ive in this alternative than in Alternative C due to the elimination
of the small plants in the headwaters of the strea ms ; the reby requiring
return lines to thes e areas .

ALTERNATIVE E

Alternative E again is similar to Alternative C , except the 64 pla nts
are reg ionalized into a 17 plant system as shown in Figure C-VT 1-4. The
purpose of this alternative is to study the effect of abandoning treat ment
facilities within the 1-10 MCD range upon the alternative’s total system
cost. Although further treatment facility economies of scale will he
realized wi th this degree of reg ionalization , a corresponding increase in
the conveyance system costs will he incurred. As previously discussed ,
two sludge management systems are considered , as are two reuse opt ions
for conveying potable water to the deficient areas .
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ALTERNATIVE F

This alternative consolidates the p roposed regional plan
from 64 d~~n to 8 dispersed plants . See Figure c-WI-S. The
purpose is to determine the cost-effectiveness of regionahiz ing
the system into 8 large plants . Because the discharge of the
treatment plan ts exceeds the capacity of the adjacent receiving
streams , an additional design consideration is involved in this
alternative. Therefore, the trans fer lines are designed to redis-
tribute the outflcMs so that the streams ’ capacity, limited by
bank erosion, will not be exceeded.

ALTERNATIVE G

Alternative G is a 17 plant system, similar in all concern
to Alternative E , except that the five largest existing secondary
plants (North Side , West , Southwest , Cahi.~~ t , Hamond and Gary)
will be expanded and converted into Advanced Biological plants .
The 12 remaining plants will be converted to the Physical -Chemical
treatment process. This alternative is presented in Figure
C-Vu -a .
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ALTERNATIVE 11

This alternative employs the land treatment technology at one
large site along the Kankakee River in both Indiana and Illinois .
See Figure C-VII-7. T~imels are used to convey the wastewater from
the study area to the land treatment site . In this alternative all
regional treatment facilities are abandoned. However, they serve as
access points by which the waste load from local collection
systems enter the regional conveyance system . Two options are
employed for the sludge management program . For agricultura l it iii
zation of sludge, the solids from the land treatment storage lagoons
are dredged and conveyed to nearby agricultural disposal areas. In
the second option, the sludge is conveyed to surface mines in central
Illinois for land reclamation purposes. The reclaimed water from t~esingle land site is collected by means of a drainage system and
returned to Lake Michigan by a separate tunnel. A pipeline distri-
bution network is then designed for conveying Lake Michigan water to
the headwaters of the study area’s streams for recreational purposes.

ALTERNATIVE I

Alternative I is similar to Alternative H, except that instead
of one land site, there are six land sites: 3 sites located in
Mcl-Ienrv County ; 1 site in Kendall County; 1 site in iVill -Gnjndv-
Kankakee counties in Illinois and a scaled-down Kankakee site in rndiana
as shown in Figure C-VII-8. There are a nuiiber of land conveyance
tunnels servicing the dispersed land site. However, unlike Alternative II ,
the treated water is used where needed to help augment the receivin~streams in the land site areas for recreational and other purposes
locally and for comercial navigation on the Illinois River. The treate I
water from the Kankakee-Indiana site area is returned via a tunnel
to Lake Michigan. The McHenry and Kendall County sites discharc~etheir waters into the Fox River. The Grundv-~Vi1l-Kankakee land site
discharges its waters directly to the Illinois River. A~ was done in
.-‘Jternative H, a pipeline distribution network is des i gned for conve~- i n ~Lake Michigan water to the headwaters of the major C-SEIJ~i streams for
recreational purposes.
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ALTERNATIVE J

Alternative J utilizes both an Advanced Biological and Land treatment
system. The same S large plants as described in Alternat ive G u til ize
an Advanced Biolog ical treatment system. These plant s are the North
Side , tVest-Southwest , and Caltunet plants of the MSDGC and the Haninond
and Gary plants in Indiana . Al ]. other flows from the C-SELI¼ I area are
conveyed to the 6 land treatment sites , as discussed in Al ternative I .
However, the size of the Kendall site will be reduced 20% from
Al ternative 1; the size of the WiJl-Grundy-Kankakee site will be
reduced by 80%; and the size of the Kankakee-Indiana site will be
reduced by 94%. This alternative system is shown in Figure C-VII-9 .

The alignment of the conveyance tunnels is similar to that presented
in Alternative I. However, their capacities are greatly reduced since
the 5 plants treat the major portion of the flow. Unlike Alternative I,
the treated water from the Kankakee-Indiana site is discharged to the
Kankakee River. The treated water from the McJ-Jenry and Kendall County
sites is discharged int o the Fox River as in Alternative I.

ALTERNATIVE ~
Alternative K, shown in Figure C-VII-l0, is similar to Alternative I,

using the same six land treatment sites. The one variation in this
alternative is the utilization of open space areas to treat local storm-
water. A portion of the urban-st.turban stornwater will be treated

- - through an ig~obtrusive sprinkler-irrigation system on existing open
space areas. To açconinodate future open space needs, the rural storm-
waters also will. be applied to areas which are progranined for use as
open space by the regional planning agencies

C-VI I-~
()
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SECrIC!4 VIII - FRAIV~WORK FOR ASSESSM~~T

BACKGROWD

The alternative s retained in the intermediate stage had been
purposely structured to focus on those planning and policy aspects which
had to be resolved before development of final plans could be accomplished.

The degre e of regionali zation feasible for both the plant and land
technologies had to be addressed. Concurrent with this decision were
the related issues of: the water balance and use of Lake Michigan ; the
sludge management program; and the synergistic potential for power potable
water supply, in-stream recreation and open-space needs.

The total resou rce commitment associated with the alternatives also
had to be evaluated. This data was required to further differentiate
between the alternatives. Resource consumption associated with each of
the technological processes had implications beyond the local level. At
the local level, the area resources of land (required) , people (affected
or displaced) , social well-being (human dimension) and costs were basic
conside rations . At the regional level , the competitive demands induced
by the was tewate r system on such growth factors as energy , chemicals ,
labor skills and land-use had to be identified and the causal effects
scaled. Finally, an assessment had to be made of the national implica-
tions for both the foregoing and the capability to meet those needs that
contribute to the nation ’s economic development and the national
envi ronmental quality goals..

In addition , the institutional problems associated with the alter-
natives had to be evaluated to determine the practicality of the planning
effort. Concurren t with this evaluation was the need to determine the
public reaction and attitude to each alternative .

To accomplish the foregoing , the resource commi tments , eng ineering
data and costs associated with each alternative and the individual com-
ponents were determined by the technical contractor. This informat ion
was then published in report form and furnished the other study
participants including menters of the Citizens Advisoty Commi t tees .
The information in this report provided the basis for the subsequent
assessments by the socio-envi rorimental and institutional evaluators.
At the same time , the information was suninari zed in an informational
brochure and mailed to the area ’s residents and news media prior to
holding the Plan-Formulation Public !v~eting.

RESOURCE CCESUMPTICN

The resource consumption associated with the desi gn and operation
of the eleven alternatives were divided into two broad categories :
energy demands and chemical consunptions . Land wi th its associated
socio-environinental implications, was evaluated separately. C

C -V I I I - l
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The range of daily energy and chemical requirements for each of the
eleven alternatives was determined. The results of the preliminary
estimates are shown in Figure C-VI II-l .  The energy demands included the
electrical energy required for the collection and conveyance of the
wastewater to the treatment facility (plant and /or land sites ) and the
redistribution of both treated water and the sludge accrue d during the
treatment process. The second source of energy demand was the fuel required
for incineration as part of the treatment process . Natural gas was the
fuel selected in this latter assessment because of its minimal impact on air
pollution. The other category, chemical consumption reflected the various
key chemicals required for the daily operation of the three technologies .
The key chemical requirements of the three technologies were first
determined on a unit volume of wastewater to be treated. These preliminary
estimates are listed in Table C-VIII-l  below . This data then was used to
evaluate the daily chemicals requirements for each of the alternatives.

TABLE C-VI II- l
KEY CHEMI CAL BEQUIREI~E~TS (PER 100 MCD)

ADV. BlO PHYS-GIEM LAND —

Chlorine 3. 3 tons 3.3 tons 3.3 tons
Lime 46.0 tons 56.4 tons None
Carbon 0.9 1.9 tons None
Clinoptilolite None 25.0 tons None 

. -

AREAL RESOURCE I?vPACr

The impact on the area’s natural resources was also quantified. This
quantification was done on a comparative basis in an effort to develop a
secondary level of diffe rentiation between the treatment technologies .
As such , the evaluation focused on the effects that the technologies would
have on the area ’s wate r , air and land resources .

WATEI~ AYS

The impact on the area’s waterways was assessed in terms of three
critical constituents , i . e . ,  phosphate, ammonia nitrogen and the total
dissolved solids . The first two constituents were of a concern relative
to the enhancement of the waterway ’s aquati c ecosystem. The third factor,
the dissolved solids, including salts, were of interest in concern trC

waterway ’s natural background levels and the reuse implications relative
to the are a ’s water balance . The relative impact of each of the alternativ es
are shown in F igure C-VIII- 2.

C-VII I -- 2
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AIR

Similarl y, the effects of the individual treannent processes on the
air quality was scaled on a preliminary basis. It should be noted that
all technologies were desi gn ed to meet current USEP A ai r emission standards ;
but the residual discharges still provided an adverse impact to the area’s
total environment. Odor problems associated with the treatment plant
technologies would be minimal except for the Physical-Qiemical process.
h~ - c- .-er , ~n’ odors produced would be quickly noticed since the plants are
generally located in densely populated areas. With the land technology,
significan t short tern odors could be produced by lagoon turnover in the
spring . Nevertheless, with proper lagoon depth design and use of
m echanical aerators, this problem can be minimized. The results of this
analysis is sho~i in Figure C-VlJI-3. As is noted, the results do not
include the secondary level of impacts associated with the production of
::~ €- alternatives ’ energy requirements. This aspect was considered beyond
t~e scope of the study.

The land implications were assessed in two ways. The first involved
the differentiation between the amounts of land required for the treat-
n~nt process itself; the second the land required for the supportfac i l i t i es  and storage areas. Not included were the lands required for
the sludge management programs. While these latter needs were assessed,
the program objectives involved a net enhancement for either agricultural
and/or rehabilitation of envi ronmentally degraded lands . Under either
~ituation , the output was considered posi tive in its contribution and

was not regarded as an appropriate discriminator for screening.

The quantification of land required for the treatment program
essential lv concentrated on the implications of the land treatment system.
By identifying the land required for the actual treatment process , the
assessment underscored the impact on land-use and the social structure
both within and outside the study area. The land used for treatment

ir r i~ at i o n~ within the study area was primarily that required for
tr ea t ing  the rural storm water runoff. The notable exception was
Alternative K whi ch ut i l ized the open-space land for treatment of the
suburban storm water runoff as well. On the other hand, the lands required
outside the s tudy area were those irrigation areas of the lan d treatment
svsto- : . The results of th is  comparative analysis are shown in Figure
C-\ 1l1- - -~~~.

The lan ds required for the support faci l i t ies  included the storage
areas for the storm water runoff in the urban , suburban and rural areas ;
the actual plan t sites to house the plant facilities (in the case of the
plan t technologies) and the acreage required for buffer zones and a~~inistra-
t i v 0  b i ~ din ~~ . In this part of the land- related a n a l y s i s , the impacts were

C-VT 1 1-5 
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comparable for the NDCP alternatives because the storm water management
program was coninon to all. See Figure C-V I I I -S .  Fbwever , the total land
requi rement for the Land sys tem did exceed all other NDCP alternatives .

Concurrent with the foregoing assessment was an evaluation of the
nunber of people which could be affected by the alternatives . The plant
technologies cause a two-fold impact: one a displacement of the people
living in the site location; the second a psychological impact reflective
of the public ’s general unwillingness to live near the plant site. Similar
‘~valuations of the Land Treatment Alternatives revealed comparable results.This was due to the fact that the land sites were located in low-density
rural areas and consequently the niznbers of people affected directly and
~nJirect ly were less even though the acreage was much greater.

COST IMPACT

The relative cost implications of the alternatives were also evaluated.
~ee Table C-V1II-2. Again , the estimates were prepared on a component
basis and included only the key cost items. Since the cost compari sons
were to be used to assess the potential for regionalization, a detailed cost
estimate was not needed. Furthermore, attention was focused on the total
annual charges, rather than the differentiation between the capital and
operational expenditures. A 50-year period was selected as an appropriate
economic period, and the capital costs were amortized at a 5.5 percent
(Federal) interest rate. Use of the annual charges as the discriminator
at this stage of study, served to highlight both the implications of
potential costs to the taxpayer in the C-SE12~4 area and the institutionalproblems from a statutory financial capability standpoint . Possible
cost-sharing arrangements between the Federal, State and local leve l was
considered a secondary factor at this stage, though its implications wo~mld
have to be assessed prior to the final analysis.

INSTITUrICt’~AL ASSESSMENTS

An evaluation of the institutional impacts was prepared, identifying
the broad implications of the alternatives from a statutory standpoint .
U s i n g  the cross-section of existing institutions previously selected as a
hase of analysis, the findings were published in report form and furnished
~il participants for their revi~~ and comments. The report spec~ficci~addressed the following items, all from an operational and legal capaLil ity
standpoint: (1) financial requirements and the present funding arraIi~~1~~ m.~-
and capabilities; (2) implications of regionalizations and the prchlc~’sinherent in the potential consolidation of service areas ; and (3) the
: iu lt i ide service needs (resource and reus e commitments) and the ni lit . ‘

~~

the present management structure to provide these services. [r~~ t - ~~s
eva luation , the criteria which any institutional structure must meet in
order to implement a regionalized wastewater program was identified. This,
in turn, served as the basis for identi fying the types of ins t i tu t ional
,lrrnn cencnt ~hich could be considered.

There ~%ere four basic conclusions. First, the complexity ~f inte r-
governmental impacts increases witI~ the trend t~~ards regionalizat ~on -
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particularly the assim~tion of debts (abandoned plants) and reduction of
some institution’s functions. Second, the NDCP alternatives would signi-
ficantly increase the scope of operations and the associated capital and
operating costs - requiring statutory changes in the debt ceiling and
service responsibilities . Third, consideration would have to he given
the options of either: (1) establishiliL cooperative arrangements for the
joint use of indivi dual components , (2) ent-~-r ira~ into contractual (serv~:e)agreements , or (3~ creat ing ne~ i n s t i t ! ~~i ons in order t o  ~mand thelegall~- const~ tined :~eoCra1 -~.ic  I - ‘ :  - ci  ~1~- -

-
~r -er -~ -

~

Lastly , duthcr t -  ~ou1a ave ~~ c p r - :- :ld - . -?qu 1r:n~ ~~e 1 : 1 - t i ~n o~ non -
structural mcw~u~ os n :-~, oe rL- ~:c~- r - -  

, -) .~~~. ~sh rc~zionaland interstate a~rcen~nts.

The report concluded that although the various NDQ~ alternatives dohave different institutional impacts, the differences were not of sufficient
significance to favor any particular alternative . This conclusion was
based on the fact that the major institut ional impacts center~J around theobjectives and functions (achieving higher standards) of the alternatives
and not on the configuration and technology involved. Therefore, the
institutional impacts were not considered a major determinant and were
not used in the screening process .

SOCI 0- ENVI R(~~€NTAL ASSESSMENT

The socio-envi ronn~enta l eva luation differentiated the impacts of each
alternative’s system components on the 19 hunan dimensions that charac-
terize the life-style of an area. In this way , the maj or di ffe rences
between alternat ives were identified on an aggregate and component basis
and both could be used as an effective screening level. The assessment
first was done on a comparative nunerical (matrix) basis. Then, the major
differences were identified and discussed in quantitative or qualitative
terms as they related to the environmental elements. This, in turn ,
provide d input for further design modifications.

The findings together with a discussion of the refined evaluation
methodology was published in report form and furnished all participants.
The nunerical val~~s, particularly the range wi thin component groupings
were the factors that were carefully assessed - both from a comparative
sense and as guidance for redesign efforts. The redesign was considered
necessary to mitigate the major adverse effects so that a closer com-
parability in the human dimensions (social well-be i ng) would he achieved.

The findings of the evaluation team was supplemented by the public
reaction at the Plan-Formulation Meeting held at this time . Mos t of the
general public input was directed at the Land Treatment System ~ci th little
or nothing said about the other alternatives and the system components.

C-Vl I1-12
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Reacti on to the Land Treatment System was dire cted to at leas t three
key aspects of the desi gn concept then being used. The first pertaine d
to the social and economic impact of the sys tem under a fee acquisition
program and its adverse implications in dis rupting the life-style of the
agricultural ar ea. The second point pertaine d to the land sites , parti-
cularl y the single site (Al ternative H) tending to act as a barrier to
the existing regional growth pa t terns , even if some th rough-acc ess
corridors were provided. A third factor was the nega tive reaction
towards using the rural are a lands to solve the was tewater prob lems of
the urb an area. These concerns , together with the other evalua tions ,
then served as input to the screening process which followed.
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SECI’I(}~ IX - PLAN-F0R~4JLATI(I~, FINAL STAGE

GUIIELINES FOR FINAL SCREENING

Determi ning which alternatives should be retained for final study
proved to be extremely difficult . Prelimi na ry assessment of the re source
consunption , costs, socio-environmental and institutional implications
indicated a wi de and diversified range of impacts . Furthermore , the
concept of using agricultural lands to treat the study area ’s was tewater
had generated a strong political and social opposition in the out lying
area . Involve d was a reluctance of the agricultural conum.mity to coninit
local resources to treat metro politan was tes and thei r concerns as to the
long-te rm effects on local land-use and socio-economic patterns . According -
ly, the legislative drafts for what eventual ly was enacted as PL 92-500
here re viewed. In orde r to be responsive to these intents , the following
decisions were made:

(1) ()ie of the two existing standard alternative s would be retained .
The detailed assessment could p rovi de information relative to on-going
and near-future program connnitments at the local level . At the same time ,
it would facilitate a comparison between water quality goals and identify
the implication of going to such high effluent standards as ~.ere adopted
for this study .

(2) Consideration should be given to retention of at least one
alternative involving each of the thre e NDCP technologies . This would
be responsive to the req ui rement , that after 30 J une 1974 local
interests must demonstrate that alternative waste managem ent technique s
have been s tudi ed and evaluated before Federal grant assistance can be
made (Section 20l(g)(2)(A)).

(3) The alternatives should reflect a variable degree of reg ionali-
zation . This would be responsive to the requirement that to the extent
practicable , waste treatment management shall be on an areawide basis
(Section 201 (c)) .

(4) Conside ration should be given to retention of at least one
alternative involving a coithination of treatment technologies. This
would tend to underscore the inherent advantages and/or disadvantages of
different system balances, particularly if designed from a geographical
and was teload standpoint .

(5) As much flexibility in system design should be maintained by
using options as add-on considerat ions . This applied to both sludge
management and wi thdrawals from Lake Michigan.

(6) Maximum effort be made to identify the potential for multiple-
purpose planning ranging from revenue production facilities (Section 201(4))

C-lx -l 
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and integration of wastewater facilities to seek solutions to other
pollution prob lems (Section 20 1(e)) to comb ining treatment management
with open-space and recreational considerations (Section 20 1( f ) ) .

The result of the foregoing was that it not only outlined the pi’oce-
dure to be used in the screening process hut also st ressed the importance
of structuring the system components in such a wa as to provide the mos t
effective evaluation of system performance. This latter factor was
signif ican t if the study fi ndings were to be of value and usable a~ -~

framework of consideration by those having the responsibility for select in -
the alternatives to meet the n~~ National and State ~oals . it -

~i~~ ~~ -

that a minimum of five alternatives should be retained for final st J:,
depending upon the complexity of the add-on options .

SCREENING CRITERIA

Of the five factors originally evaluated to help differentiato betwoci
the alternatives, only two were used in the final screening process. .-

~~~

previously stated, the institutional considerations were not regarded as
a si gnificant factor for discri ination between the NDCP alternatives. More-
over, the resource consumptive requirements including land, and the impacts
on areal resources were reflected in the effects on the various categor ies
of human dimensions used by the evaluators. Use of these resource irnpli-
cations would tend to duplicate and possibly outweigh the social ~ell-bein5considerations inherent in the socio-environmental assessment . Theref’-’~’- -

only the results of the socio-environmental assessment and the sv~tem co-
t

were used as screening factors.

A scan of the parameters used in the socio-environmental evaluat ion
was then made to further eliminate those considerations of insi~nificantvali.~ . The factors evaluated by the socio-environmental evaluation tea-.
includes the following system elements . The collection , t r anspor t a t io n
and storage of input wastewater; treatment facilities and processes .
liquid effluent quality and water reuse; sludge management; and svnere~sns .

The socio-envi rcnmental impacts attributable to the firs t two
system elements varied considerably between alternatives. Therefc c ,
these two elements were retained for use in the screening nroce~-~. h - ~uid
effluent quality and water reuse potential were considered coriparahie and ,
for purposes of this study , a constant for the NDCP alternatives. h ence .
this factor did not influence screening. it should he noted that t~
evaluation team strongly endorsed redistribution of reuse water ky ~t r ’ -~ r~
whenever possible rather than by pipeline . This  recomendation -

basis for screening the reuse option .

Land reclamation had been identified as a better environment h option
for sludge management than agricultural use, even reclamation costs were
somewhat hi gher because of longer t ransportation distances . Ilic ha s ic
reasons were that the reclamation option tended to: restore ac rea~c to the

I-. I V _ ,
L L . \ ~.
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area ’s usable land inventory; alleviate existing aesthetic blights; and
be less disruptive to the area’s conilmunity structure. After a policy
decision has been made concerning the treatment to be used , the sludge
management program can be designed as a constant and, therefore , should
not be a factor for use in scre ening . In the interim, however , both
options were retained for final design and evaluation , since the infor-
mation would be of use to local interests. Many synergisms were considered
for the alternative sys tems . Since , however , final decisions rnus t be
based on a full assessment of the trade--offs involved in achieving the
additional benefits (synergisms), thes e add -ons also were not considered
an appropriate screening factor.

SCREENING PI~X~SS

The steps employed in the screeni ng process a~e shown in Figure C-IX -l.
The initial steps which were done concurrently included:

a. Compare the existing standard alternatives and re lice them to one
alternative which would be retained for final design.

b. Compare the four Advanced Biological plant alternatives, the
four Physical-Chemical plant alternatives and the two Land treatment

- alternatives. Reduce these to one alternative from each technology
for a total of three.

The second part of the screening process involved comparing the
three NDCP alternatives previously selected (b above) to the combined
Advanced Biological and Physical-Chemical plant alternative , the
combined Advanced Biological and Land treatment alternative, and the
combined land and open-space alternative. O.it of this comparative
analysis , four NDCP alterna tives were retained for final design and
evaluation.

Each of these steps are discussed in the following paragraph. To
facilitate the screening , the comparative socio-environmental ratings
developed by the evaluation team were normalized to a maximum ra t ing
of one (1.0).

SCREENING RESULTS

CURRENT ST.ANDARD PLANS

The comparative analysis of the existing standards, Alternatives A
and B, which had 64 and 41 plants, respectively , is shown in Figure
C- IX - 2.  The 64 plant sys tem received a relative ly higher socio-
environmental score for the collection , transport and storage element
while the 41 plant system received the hi gher score for treatment
facilities and processes . The total score was sli ghtly higher for

C -I X-3
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the 41 plant system. The collection, transport, and storage facilities
for the 41 plant system received a lower score since, with a lesser number
of plants, the electric power needed for pumping is increased. ~‘1oreover ,
the increased need for more treated water at redistribution points causes
disruption s in nei ghborhood envi ronments , recreat ional ac t iv i t ies , and the
ecosystem status . Nevertheless , the t reatment fac i l i t i e s  and process
scored higher with the 41 plants since less localities have a treatment
p lan t and the resultant plant impacts on aesthetics , ecosys tem status,
recreat ional acti vities , neighborhood envi ronments and health and safety
are less. :\nnual cost— for the 64 plant system were two m i l l i on dollars
per year lowe r , which indicated that the existing regional plans reflected
a cost optilrLm sys tem. Considering the minor variation in socio-
environmental scores between systems, the t 4  p lant sys tem which reflected
local pre ference was retai ned for final s tudy.

?J)VANCED BIOLOGICAL TR ATM~~F PLANS

For the four Advanced Biolog ical plant alternatives , as w i t h  th e
current stan dards plants , an increase in regionalization from 64 to 8
plan ts produced a progressive decrease in the reflective soclo-environmental
scores for the collection , transport and storage elements . See Figure
C-IX-3 . Conversely, a progressive increase in the scores for treatment
facilities and processes occured up to the 17 plant system which had the
highest composite score. The reasons for the collection, transport and
storage element scores S stems were similar to those discussed p reviously ;
regionalization entailed increased power demands and increased disrupt i ons
caused by the transport of reuse water. Gains steimiing from the reduction
in the number of locales having a plant in their midst were developed
considering the general locality of the plants. While the gains were
greatest for the 17 plant alternative, a further reduction (8 plants)
resulted in these plants being located in areas where the positive gains
lessened. Considering annual sys tem costs, the 17 plant system ranked
first with the lowes t cost . I t  was thus decided to retain the F’ Advanced
Biolog ical plant alternative which ranked firs t in both the socio-
environmental and cost comparisons , as input to the next screening step .

I1-WSICAL -Q-IE~llCAL TREATNENT PLANS

Fi gure C- IX -4 compares the four Physical-Ciemical p lant a lt ernat iees .
From an over-all socio-envi ronmental standpoint, the 41 plan t 5 s tem
recieved the highest composite score. The relative ratings for the
collection, transport and storage systems were i dentical to those for t u e
four Advanced Biolog ical  p lants . However , i n thi s cas e , the ratings for
the t reatment fac i l i t ies  and processes increased with regionali:at ion
continuing to the 8 plan t level . In the eva luat ion of treatment f a c i l i t i e s
and processes , air quality was critical . l ach decrease in the number of
:Jants reduces the number of areas which could he affected by the air
pollutants produced by these p lants .  Therefore, the 8 plant s\ s t em received
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the highest score . Othei~ ise , the reasons for the scores for both system
elej-x’nts were similar to those discussed in previous plant c~nparisons .
~~c ad J.~d element associated with  the Physical-Chemical treatment facilities
m d  rrocesse5 was the potential for adversely affecting local flora and
f amn a . From a cost s tan dpoint , th~ 17 plant system ranked f i rs t .  The 41
p~:mt sys tem ranked third with an increased cos t different ial  of 6 million

i~ . ar ~ per year compared to the 17 :~lant sys tem. Considering the relatively
‘:uinor -;ariation in  costs between the 17 and 41 plant systems , the 4 1 Physi cal-
~~~ ai ~i. mnt sy stem was retained. By so doing, the design and cost

~:r~1icaticn of th ree levels of collection and conveyance system i.e., 64
plants existi~~ standards), 17 p lants (P~B) and 41 plants (PC) would be
provided in the final study stage .

LAND I RL-VIMEN’T FL-V’S

i - i~t~re C- I x - 5  compare s the land treatment alternatives employing a
sing e site and six dispersed sites . ‘~Vith both sYstem elements, the sixalternative scored highest. Considering the collection , transport and
sto rage s\ s tem elements , the single site scored lowe r than the 6 sites
since the si ngle site req uired greater movement of treated water, thereby
producing disruptions in nei~ iborhood environm ents, recreational activities ,
aesthetics and existing flora and fauna. Treatment facilities and processes
for the sing le site also tende d to act more as a barrier to development ;
and have comparatively greater negative impact on the cultural, educational,
recreatioral and envi ronmental ly unique areas . All of these factors help
make up the l i fe-s tyle  of the agricultural area. ~nnual costs for the
s ing le site alternative were some 2 percen t or 11 million dollars less than
fo r the s i x  ~-ite alternative . Considering the comparative socio-environmental
superiority of the 6 site system and the relatively minor diffe rence in
systen costs , the 6 site alternative was retained for further comparison
w i th  Al te rn at ive 1< wh i ch involved six land sites in the out lying area and
utilization of open space for storm water treatment in the study area. See
Figure C- IX-6. The socio-environmental rating for Al ternative K was
considerab ly hi gher than for Alternative I, reflecting the major environ-
mental benefi ts that could be achieved with  additional open space . I-b~ever ,
the difference in total annual costs for the two systems was 153 million
coi1ar~ . Lquivalent open space benefi ts can be achieved for less cost if
a similar amount of the open space was purchased and not used for storm
wat er treatment . In other words , the cost d i f ferent ia l  between I and K
showed th a t  Alternative I was an ineff ic ient  svst en in i~+iith the additional
wast ew at er  t r anspor ta t ion  and irri gatio n sy stem Costs outwe ighed the
:~( ) t e n t i a 1  b enef i t s  achieved by not treating the wastewater at a regional
.~ite . Hence , -U tenvstive K ~-.us ~r~~po-J from f u r t h e r  considerat ion.

CUMBI NA F ION \i)CP PLANS

The f in a l  \DCP comparison included the treatment p la nt -\l t e r n at i v e s :
I w i t h  i Phvs ical  —Oie mL .11 p lants , w ith 1 \ J u ~~ J Biolog ic a l  p lants ,

c - I N  ~)
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G with a combination of five Advanced Biological and 12 Physical-Chemical
plants, and J with a coithination of 5 Advanced Biological plants and 6
Land sites . The same relative ratings developed by the eval uators were
used again. See Figure C-IX-7. The alternatives containing Physical-
Chemical plants rated third and fourth from a socio-environii~nta1 stand-point because of the air pollution and waste of nutrients th rough partial
incineration which are associated with these p lants . From an annual cost
stan dpoint , the 41 Physical—Chemical plan t alternative ranked second while
the Physica l-chemical/Advanced Biolog ical plan t combinat ion ranked third .
The conclusion was to retain Alternative D with 41 Physical-Chemical plants ,
Alternative E with 17 Advanced Biological plants, and Alternative J with the
Advanced Biological/Land treatment combination . The latter alternative
reflected the resources and environn~ntai pre fe rence for the Advanced
Biological technology of the two plant processes. This combination of
alternatives provided a clear comparison of the Advanced Biological and
Physical- Chemical sys tem designs which may be valuable if later developments
solve the air pollution problem associated ‘~%i th the Physical-Chemical plants ;
a collection , transport and storage sys tem design for 41 and 17 plant
systems; and a plant/Land combination system for design and analysis .

DESIGN 11ODI FI CATI~~S

Subsequent to their selection , the fi ve alternatives we re subject to
further revi ew and refinement , based on input from the evaluators , the
Citizens Advisory Committees and work groups, and the general public. As
a result, some significant changes were made in the criteria used for
system design. While these modifications are described in detail in
Appendix B, Basis of Design and Cos ts , some of the major changes are
discussed in the following paragraph.

RECI~~AL1ZATIGN

A significant change has been made wi th regard to Alternative D of
the intermediate Set, now redesignated as Alternative 11 in the fi nal
set. Based on the trends in economies of scale (regionalization) shown
in F igure C - IX-4 , i t was concluded that further system savings could be
realized if the Physical-Chemical plants of less than 10 ~~D capacitytreatment) were consolidated. Thus, :Uternative II was subsequent ly
redesigned; the p lants reduced in ni.mter from 41 to 7’3 with corollary
changes to the collection and conveyance , and reuse distribution system.

LAND TREATM 1-~NT SISTEM

Orig i nal ly , the l and sites had been desi gned to achieve the most
effective system from a trea~~ent standpoint. However, as a direct result
of the social and environn~ntal concerns expressed by both the evaluationteam and the people residing in the agricultural areas , the planning and

~
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design criteria for the Land treatment system were ext~~sively revised.Involved was a change in the physical layout of the system and the
management objectives. The major change involved modifying the
physical layout of the system to fit the general land-use patterns ci
the surroi~idthg area. This was done in an e f fo r t  to nininize ane
possible adverse effects on the are a ’ s social well-I cing , eLufl ui ’ I c
structure and environmental a t t r i n u t e ~ . [he second change iry c lvc d
adopting an agricultural management program th at  could he imp lemented
by no rmal fannin g ~-ra c t  ices and se lec t Iv e  cr imp ng patterns . For
all inte~its and purposes , this nw-an t that the hest ;srn :irig - r s - .iuh ! re - -

rPast be adopted and s\sten: opera : ion s uu~-t he re~ eas cc p er t  i -

agricultural requirements , as well as eatrient cons:dt’rat iD:ls . -\s a
result , ext L-u~ivc eng ineer ing  and desi gn refi cs ie~i .  S no rL :a ~ -: ro b ! x ve
to the system’s operation and management. Consequently, the cost of
the system increased appreciably from what previous lv had been
determined. The basic cause for the cost increase was the necessity
to disperse the irrigate~ acreage over a ~cider geogl ieh cal area . This  i n s
necessary in order to: avoid disrl4)tion to eco-uruque :iIean , coenipaju t i c s .
conuiiercial developments and public institutions ; maintai n the integri ty  of
the transportation system within the area, at least to the level of the
township road; and minimize the impact to the participating farmer - his
home , plant and land use. The changes in cr i t c r i a  as well is th ~’ i~ s i c n
and operational concepts of the land treatment process are discussed
extensively in a paper prepareed by the C i i c a g~ d i s t r ic t  and Cfl tit lt
“The Use of Land as a ~k-thod of Fr ea t i n o  !‘ast :n iter (It~ ~k’an i~u~ t - ~ the
Agricultural ComunitvY . In i t , arc’ l i i  ust rat  Ive ”x anp i e -  of t -~c t~~~e5
of agricultural practices ; crop product on and naucigenent cons i~k-ra~ ion s
best suited to enh ance the farmer ’s net incon’e; and an assessnent o-~ ~dc~t
the land system can mean to the fanner arid the acricultural commijii:~ as
a whole. The final vers ion of the n ay er  ~s inc luded e p.s i t  of hc onn~ \to .-\ppendi x I .

diGi .
- -~\~\C~~~~i

Al though the has ic ccnce~ Is  of t~ - two U~ i~ o aInacennnt op: ions
I agr~cu1tura1 usa~e and I and reh:ih - I - t i n re i s  nod cssent i i  l~ ~ i . has ’
there 1 c ~ w’en sc’ve m l  modi f r e t ans . Ilie~o changc~ ne so e f f o L  L I i i  ~

- - 
-

di~ ti nct ca t cgo r i c ~ : (1 ) flt I h:.it t~~i J i s t u i h u t  iOL 1 i i C ~ Jr :\ •
Slud ge y : olds c d  a~p ica ’ ‘‘n s r i t  t h e  ~ i us t T; s t e c c - T~ ’ • i - - .  

- dc~ -

t h a t  where possihic , s lu hy ‘~h o u l J  - at - i i  ~ed . i  t h s r i  ~he I-~ :s~ e neundar~ es
where it  was cc’ne rated ; pr )rTari 1’ in  ies ’~ a’-.o to  t~~ - in~ t i t t i c-na1 C
over inter- state problems . [Th i s  pI: ios ;rhv his hr’en nuorporat - ~~

- - ha~ ~ceconomics pei~ ;i t in :  n th e - s J . h ~e mana,crt nt ‘— nr ’e ’~ f - i  I i  al~ ’~s -na t i co s .
in the second ca tego ry , s i n.go ivid per rid 1 iron eal ion:; cf was t e . . nt e  i W 1 ~

-

adjusted relativ e to hr rots nc’ crit  ari d 11 n i l  dcsipn of each technological
procc~~ . According ly , t c app I - ::st ion r i t o  c r i t e r i a  n or e  :i iso mcdi ed
where ~ie con t ro l  ii  rig cons t i t  w n t  I cot - I rc 5 u red. In fonna t ion pert i nent

l x -  I
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to the final design of the sludge management program for each technology
is presented in Appendix B. These modifications generally resulted in
larger land requirements with the most substantial increases in the
Physical-Chemical technology .

WATER MANAGE!~ENT

The most signi fi cant modification to design criteria regarding water
management was the result of the USEPA concern over the potential inter-
jection of dissolved solids into Lake Michigan. The preliminary reaction
of that agency was based on the non-degradation provisions of the water
quality standards and the recent United States-Canadian agreement which
expresses a need for dissolved solids control . Recognizing that the
dissolve d solid levels of both water quality standards are higher than
the “natural back ground level” of the adj acent portion of Lak e Michi gan ,
adjustments ~~re made to conform to the current “return” regimen now in
effect. This meant constraints for the Illinois portion of the study
area as opposed to the Indiana area. A second change was made in relation
to the water reuse options . The in-stream flows and over-all water balance
~~re adjusted to reflect the sane relationship between technologies and
alternatives; one which would tend to maintain a higher level of
recreational potential.

Furtheri~~re, the reus e option was changed to analyze the implications
of the U.S. Supreme Court decision relative to limiting the diversion of
Lake Michigan waters for multiple usage. With attainment of the NDCP
standard , the potential for reallocating the usage of the 3 , 200 cfs to meet
proj ected water supply deficiencies and in-stream needs was assessed.
Capture and treat ment of the storm water provided a sairce of water which
heretofore was not avai lable. Cons~~uently , the reuse option s were
restructured to evaluate the irr~lications of us ing Lake Michi gan water to
meet the area’s potable water supply needs. In one option , the withdrawal
was limited to 3,200 cfs; the other had no such limitation. The purpose
was to focus on the prob len~ that could face the C-SELZ’~t area in the future .
Under the option limited by the 3,200 cfs constraint, the C-SEL’i area still
faces the necessity to re -use its treated water in order to meet the
proj ected needs .

DESCRIPTIQ%~ OF FINAL ALTE~’4ATIVES

The detailed design of the five alternatives retained for final study
was the basis for evaluation by the other three study elements , namely
the socio-envi ronnenta l and institutional evaluators , and the general
public including the citizens advisory coii,nittees and othe r partici pants .
The following is a brief description of the alternatives , For a mere
detailed presentation , including engineering details , socio-environ nental
and institutional evaluations , consult the app ropriate study append ices.
The first of the five final alternative s was desi gned to produce effluent
meeting existing standards ; the rema ining were designed to meet the ‘\o
Discharge of Critical Pollutants” goal .
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REFEREN(~ PLAN

Alternative I reflects the study area’s present planning goals for
a reg ionali :cd wastewater management system. There are some 64 treatment
plants ind eed in this plan . This rep resents an extens ive reduction
from th0 sone 13 p lants (one mill ion gallons per day capacity or greater)
presentl\’ in operation. The 64 sites , as shown in Figure C-IX - 8, were
based on the numbe r and locations provided for in existing regional plans
cxt - r~doU to meet 2020 conditions . As such, the alternative represents a

n o bas e wi th which to compare the four other alternatives which
aro des l~ned to th~ hi ghe r YDUP water quality goal and reus e cons i derations .

I n - ‘ - senc e the reg ional facilities will meet the current effluent
(p lant JL~charge) and wate r quality guidelines (for receiving streams)
for Illinois and Indiana, respectively. ~breover, the level of treat-ment will vary , depending upon the receiving stream. In general, those
nlants discharging into streams tributary to the Illinois River are
des icrod to provi de the equivalent of secondary t reatment. On streams
tributary to Lake Michigan, a higher level of treatment is achieved.

The existing or proposed collection systems in all areas would be
utilized , ~.cith consolidation achieved by connecting conveyance systems.
No treatment o~ storm water runoff is achieved other than in areas
~a r-vicod ~v combined sewers , either presently and/or proposed. Nor
Jo these ~~~~ provide for a redistribution of the treated water. fl~is
wouid adve rsely af fect the aquatic ecosystem of some streams in
dry pt n ods since many are presently dependent upon existing t reatment
plant di scharges for their low flows. Without the availability of storm
~atcr there also will be problems in meeting future water requirements
and additional resources and financial comimi~~ents will be needed.

no siLwi ~c management system reflects the current trend of Li~~~~~ C a l
ch :a~ the sludge as an agricultural fertilizer and huim~is bui lde r .

Our  reclamation of surface mi ned land is include d where curre n t
i : : u ~~~~-u ~~ :: ts  exist. To insure that the sludge presents no health or
n[cr :uola~e I mo Lt en , the process desi gn requires st abil i :at ion h

-
~ c h i  ~1 ocsc :sl di gesters . A comparable constraint in one fo ur or

m o th e r is iscu in a l l  the other alternatives too . —

~1os t of t h e  indus t r ia l  wastewater volume gene rated s~ i thin the s tuus
or- -~ w i l l con t - niue to he discharged hack into the watercoursos ratner

I n ~ munici pal sewers . h oweve r , as wi t h the minici pal t~c i tsnent p u s ,
~~h~s n n ~ l .1 have to upgrade i t s  treatment and i nco~~orate those facilit ics
int o t h e i r  o o i u !a c t s m r i n g  processes . Since these requirements and c:st~ ~r-
~n I  rnal t o  the industi~’ and hence a cos t of doing bus iness , they have been
c l a s s i f i e d  as charges external to the alternative ’s system and its
op e ra t i ons . However , from an areawide stan dpoint , the costs must he recogni zed
as a re l ated monetary coninitment .
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PHYSICAL- (HE~{I CAL TREATWNT PLAN

Alternative II utilizes a pure Physical-Chemi cal treatment process to
achieve the NDCP water quality goal . There are 33 plants located through-
out the study area as is shown in Figure C-IX-9. The nuither of plants
reflects an inte rmediate level in economies of scale that can be attained
through regionalization of a treatment plant technology .

As with all N’DCP alte rna t i ves , some 2 .5  to 2.85 inches of storm water
runoff is collected and treated throughout the study area. This includes
the rural and suburb an as well as all of the urban areas. Vthere required,
separate collection sys tems are used to first transport the runoff to
widely dispersed storage sites . The water is then pi.m~ ed at cont rolled
rates to the treatment facilities within that service area. The storage
impoun~nents are strategically located to affect local control of the
runoff. This should help reduce damages from overland flooding and
blocked drainage both inside and outside the flood plains. With the
capture and treatment of the storm water runoff , an extensive reuse and
distribution system is provided. Increased low-flow augmentation for
in-stream recreational pursuits and other uses is provided, and other
projected water supply requirements are met.

As previously noted, incineration is an integral part of the treatment
process. This serves a dual purpose - recycling of the treatment chemicals
and a partial removal of the aninonia nitrogen. As a result, there are
considerable chemicals arid particulates discharged into the air. These
discharges meet current air emission standards established by the U.S.
Environment al Protection Agency (USEPA) except for nitrogen oxides , a
“burning type” irritant once inhaled. Unfortunately, airrent technology’
is inadequate to maintain the level of nitrogen oxides within acceptable
limits . Unless this problem can be overcome , sane other unit process to
remove nitrogen such as a biological process would have to be used. If
this is done , the sequential orde r and comp lementary uni t  processes used
to remove the other constituents would have to be changed. The result
would be that the overall composition of treatment would change to one
closely approximating an Advanced Biological treatment system.

The recycling potential of the sludge is limited becaise of its
composition. However, being hi gh in lime content, it does have a potential
as a soil conditioner and pH control. Consequently , the management pro -
grain was designed to incorporate the sludge in an agricultural product ion
program that can be readily ad apted to current farming practices .
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AIJVANCED BIOLOG I CAL TREATME1~’ff PLAN

Alternative III utilizes some 17 Advanced Biological treatment plants
to achieve the ND~P water quality goal . The locations of these plants are
shown in Fi gure C- IX- lO . ‘This nun-ber of plants represents the maximum
level of regionalization considered advantageous from a combined economic ,
management and socio-environsr~ntal standpoint.

Unlike the Physical-Chemical process, the Advanced Biological system
can make full and e ffect ive use of those major plants which otherwise
wo uld he abandoned and foro4one with reg iunal~ :ation. As noted , the storm
hate r management sys tem ~s the same as the other NDCP alternatives . This
also ap~-l ies  to the reuse or r e d i s tr iL ’u t i o ru  systems , thou gh regionali zation
requi res some adj us tment in desi gn and cos ts . Another similarity exists in
that incineration is part of the Advanced Biolog ical process too.
However , while chemicals and particulates are disch arged into the air , the
ai r emissions do comp ly with current USEPA standards .

There are two options avai lable in recycling the sludge from this
treatment process. The first involves agricultural utilization as a
fertilizer and htunus builder. The second involves reclamation of surface
mines . In this case , the land’s capabil i ty to support vegetative growth
is enhanced and the reclaimed land can be used to meet the land related
needs of the counties where the mines are located. [hi s has the potential
to improve the economic base of the county or provide new :-ources of recrea-
tional and wildlife development to meet present regional deficiencies.

A maj or decision will face both indus try and the operators of the
was tewater management sys tem. To achieve the equivalent of the NDCP
water quality goals , the cost o f indust rial pre-treatment will be
materially increased - some 40 percent. However , there are potential
savings possible if industrv was to discharge its recycled wastewater
into the regional s u s t c - u . I f  t h i s  was done , the gross cost to industry
and the regional sys tem would either approximate or be less thai’i what
industry would incur by itself. Under this situation, industry would
still be required to pre-treat it wastewater but would rely on the
regional treatment plant to provide “fi nal” treatment . In this case,
the adde d cos t incurre d by the regional system would be recovered by
user fees chargeable to i ndustries . The magnitude of this added cos t
would vary , dependent upon the t reatment technology used by the regional
ent i ty .
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LAND TREATh~NT PLAN

Alte rnative IV uses some five instead of six non-conti guous l and areas
outside the study area to LiOhieV y the NDCP water quality goal . The sixth
site previously located in ~1d1enry County was dropped due to curren t trends
in growth patterns and land usc. Ihe location of the f ive areas are shown
in Figure C - I X - l l .  The areas shown mere ly indicate the geographic l imits
wi th in  which the actual lan d t reatment s i t e s  ( i r r i gation f ie lds  and lagoons)
would he located. u s  plan i-y r-t-sen ts s t i l l  another maximum level of
r egj ona l izatj on which could b~ cons i  Jerei Out , unl ike the other a l te rna t ives ,
invo lves the inter-state trans fer of wastewat~r for t reatment .

In the desi gn of this system, the was tewaters for the study area a re
conveyed to the land sites for treatment and subsequently returned for
reuse. Under this plan, all of the treatment plants in the study area
wou ld be abandoned , at which time the lands could be reclaimed to - oct
community needs . On the other han d , the outly ing agricultural conlflunity
would be asked to commi t an extensive amount of their lands for the system
needs. While purchase would represent only about 1/6 the amoun t ~ land
requi red , the long te rm con tractua l arrangements would impose retention of
an agricultural economy and life-style for some 50 years . ~urthennore, theareal extent of this commitment would extend beyond the system requi red
lands and in some localities run counter to current grow th patterns . In
additior , the mnount of land retained in agricultura l usage would he
greater than what normally would be experi enced over time from changed
land usage .

The design of the treatment process also imposes some water changes in
the agricultural area. The drainage desi gn is signifi cantl y di ffe ren t from
tha t normally’ associated with agricultural production. It is designed to
protect agai nst f loodin ~ of the root system of the cover crop and, as such,
effects comp i~-t e control ot the 0r uuod  eat er  table and ra infal l .  As a
result , runoff and groun d - - ;at cr  rc-~ i iar ’~c to the st reams is entrapped and

F must he compensated for by the renovat ed ~-.ater. At the same t ime , the
ground water will  ove r t ime app rox u ate the water quality of the treated

— :wcr~ 5-. a ter .

Before this plan could h~ imp lemented , both States and! the agr icu l tura l
c~’- u r t i e s  mus t be wi l l ing  to parti cIpat e and intc ~ra t e  the system requi rements
into their land use plans . l i e  cent  ract aal  arran gements w i t h  the p : t r t i c i pa t  inc

i rmerr er u l d  include payments to corpunssatc- for -a-s tern- incurred expenses and
po td -n t  i~~i losses in long- t y  c c A p  tal :~~~ 1ns due t o ch;u~ged lan d as - )
va l ues . The operating ent ~ tv a l so  enu ld  be expected to i ndenuiity tue par-
ticipatin g t a n :c r  agains t any sy stem associated c rop loss.

As wi th  the \Jv a n c e d  Biolog ical t r ectm ent  sy s tem , compa rable sto rm
wa t er  systems , slud ge - -- u -  - - - 

~ - u t  opt I ur~-~ and oute r  rI - ic - k -  conside rations
are :‘ro~ ’ ded.

c - i  ~\ -~:~2 

— - - - - - -- -- - - -~~~~~~~ 
- —-- —- - - - I



z
a.
z

K 

:~~

U

~Lt . l~
IL

\
.5 -

\

.1 ~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~1~\I~\

\ 

~~~~~~~~

o ~~~ ~— 
5- 

a
- - — -

~~~~~~~~~
- ~~~q~—

• \
“S
k

5-
”

-

~~~~~~~ 
5 - 

5
—

— 
/ 

~~~~~~~~~~~~~ 
I0 _—1_

~ — S

;:~~~ ~~~~~: 

N

C-IX - 23

I 

- —5 — -  - -— -—~~~~- ~~~~~~ 



ADVANCED BIOLOG I CAL- LAN D TREAThENT C(}lBINATI(1’~ PLAN

Alternative V employs a combination of the 5 major Advanced Biological
t reatment plants of Alternative I I I  and a reduced scale of the 5 land treat-
men t sites of ~Ute rnative IV . The graphical layout of this plan is shown
in Fi gure C - I X - l 2 .

The Advanced Biolog ical p lants treat approximately two-thirds of the
total wastewate r volume . The remaining third of the wastewater load is
t ransported to the five land areas. Because the volume to be treated is
signi fi cantly less , the lan d sites are great ly reduced in size.

There is no inter-state t ransfe r of wastewater for treatment and like
all other NDCP alternatives except Alternative IV , the sludge is used in
the state where it was generated. Again , the outlying agricultural
comunity would have to be w i l l ing  to incoxp o rate the land treatment sys tem
into their land use plans . However , in this alternative , the wastewater
to be treated would essentially come from the suburban portions of the
metropolitan area. Comparable contractual arrangements as outlined for
Alternative IV woul d be adopted for the land treatment sites used in this
plan.

The storm water system , s ludge management options and reuse considera-
tions would he comparable to those of Al ternatives I I I  and IV. As previously
indicated, the Advanced Biological treatment plants would discharge chemical
and particulates into the ai r but the air  emission would meet current USEPA
standards . Similar to all regionalized plans, additional conveyance lines
i411 be required to transport the was t~~ater from the abandoned plants wh ich
serve as access points to the regional system .

It should be noted that this alternative can be used to approximate
the di fferential in cos ts and othe r impacts for treating the wastewater

— from various sub areas . The five major p lan t sites are common to Alternati ves
II and I I I .  There fo re , the comparative values between technolog ies for
treating the was teloads from the mainly - urban or suburban areas can be
determi ned. For all NDCP alternatives , treatment in the rura l area is
conf ined to stor~r water runoff and hence is common to a l l .  The rural runoff
is treated to prevent agricultural-related sediment , phosphorus and nitrogen
f rom being carried into the main watercourse. Othen~’ise , the enhanced
quality of the downstream areas would be intermi ttent ly degraded by the
untreated storm runoff .
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SIJ!~ tA.RY

The array of alternatives retained for final study were chosen to
provide as much information as is possible from a planning and engineering
standpoint . This information is obtainable from an over-all assessment of
the five alternatives , both on an individual and comparative basis .

Pertinent planning info rmation relative to the five alternatives is
presented in Appendix G. Included is a comp arative impact assessment of
each alternative and the functional components that make up the basic
wastewa-ter sys tem. The assessment was a two-part process consisting of
the identification and measurement of the impacts . The impacts are
identified on the basis of how an alternati ve ’s requirements, facilities,
management and outputs interact with the current social , environmental ,
institutional and economic conditions in the area. Examining the causal
effects of the alternatives on different areas, (i.e., the outlying area,
rest of the States, the Region , and the Nation and International
relationship) will generate a geographical profile of the alternative’s
impacts . This information together with an evaluation of the potential
for synergistic programs should p rovide the p lanner with suitable background
data for the decision-making process.

The engineering and design criteria and cost considerations are
presented in Appendices B and D. Information pertinent to all three
categories are presented on a modular basis in Appendix B. Thus, the
criteria can be used on a local basis if so desired. A line-item
( functional components) summary of cos ts for the five alternatives are
pre sented in Appendix D.

Separate assessments of the socio-environmental and institutional
implications attributable to the five alternatives are provided in Appendices
E and F , respectively . These assessments are based on the potential for
change that the 5 final al ternatives could impose on the relevan t
strictures of the area and other political levels.

PUBLIC I NVO 1~ E~ENT

During the final s tage of study , the public i nvolvement became rather
extensive . The residents of the agricultural areas cont i nued to expres s
an unwillingness to use the rura l resources to solve urb an wastewater
prohlen~ . Skepticism regarding the potent ia l  for economic gain and the
ability to successfully integrate agri cultural practices with the treatment
process was evidenced. ~breover, the implications of the long-termcontractual arrangements have raised an inherent concern ove r the farme r ’s
traditional freedom in raising the t\-pe of money crops he feels is warranted .
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This concern has not been mitigated by the operational requirement of incone
protection , though it should as more experience and knowledge is developed
in the field.

In working with the industrial concerns, the cost and extent to which
on-site pretreatment must be undertaken became of real interest. The
internal “on-line” processes of the two major water users, steel and
petroletmi were synthesized and the costs to the industries and the regional
treatment systen~ determined. Information pertinent to this phase of the
study is presented in Appendix D. Concurrently, the concerns and constraints
involved in incorporating the biological sludge in with the surface mine
operation ~~re formalized. The optional considerations that the mine
operators must consider are presented in Annex A to Appendix G. So are
the implications of the alternative’s energy aspects, including a power
synergism set forth by a local gas utility and the Federal Power Commission.

The prototype model for a recreational-environmental land corridor on
the North Branch of the Chicago River was completed. Then, after extensive
coordination with the local communities and special governmental entities ,
the model was applied to the selected streams within the study area . A
summary of the study , together with its findings are presented in Annex B
to A~~endix G. A map showing the potential for development and control on
the North Branch is shown in Figure C- IX- 13. As detailed in Appendix G ,
all of the NDCP alternative s are multi p le-purpos e in nature and provide
an effective management framework . The rate with which azTy of the five
alternat ives is implemented , however , will be dependent upon when the
various solutions to the are a ’s needs are to be implemented. The programs
for pollution and flood contro l , potable water supp ly and stream flow
augmentation, recreation and wildlife conservation, and open-space and

- 
floodplain management are separable and can be phased ovet time , if
required.

Because of a concern over the costs and other resource commitments,
interest was expressed in a plan comparable to Alternative I (Reference
Plan) , but upgraded to meet the vokni~ and the ND~~ water quality goals .
This sixth alternative would involve attai ning the hi gher water quality
goal s in stage s - fi rs t consolidating the existing system, upgrading the
rema ining plants to current standards. Then, at some future time, these
plants (64) could be further upgrade d to meet the MDC’ goals. The
implications involve d , including an increase in total system costs (or
savings foregone) are presented in Appendix G.
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