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REPORT COMPOSITION

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

the appendices are:

A. 3Background Information - This appendix includes the population
and industrial projections, wastewater flows and the engineering data
used as a basis for planning.

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

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

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

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

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

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

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

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

The Summary document presents an overview of the entire study.
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INTRODUCTION TO APPENDIX E
SOCIAL-ENVIRONMENTAL EVALUATION

The following introduction to Appendix E has been prepared by the
Chicago District in order to explain what this appendix accomplishes
and how it fits into the entire study report.

SOCIAL-ENVIRONMENTAL APPENDIX - ONE OF THREE EVALUATION APPENDICES

Appendix E is one of three appendices in the C-SELM study report
dealing with the evaluation of wastewater management altemnatives. This
appendix was written for the Chicago District by two groups of
academicians who live and work within the study area. The social-
environmental evaluation team was selected with two basic thoughts in
mind, (1) to have a fair representation of viewpoints from both Illinois
(group of professors at Northwestern University) and Indiana (Northwest
Indiana Comprehensive Health Plamning Council), and (2) to benefit from
the ideas of professionals from various academic disciplines (for listing
see credit page in Appendix Preface).

DEFINITION OF THE THREE-PART EVALUATION

<"}~ Appendix E discusses only the social and environmental implications of

the regional wastewater management systems, Appendix F describes the impacts
of each altemative system on existing institutional arrangements in the
area, and Appendix G evaluates the altematives with respect to the
implications from a local, regional and national standpoint.-” Appendix

E and F were prepared by Contractors for the Chicago District, whereas
Appendix G was prepared by District personnel. These three appendices
address the final array of'fivg%iastewater management alternatives developed
in this planning study. Each alternative is unique to itself and represents
many advantages and disadvantages depending on the viewpoint of the observer.
Alternative I is a reference base reflecting a consolidation of local
planning concepts and is designed to meet existing water quality standards
established by I1linois and Indiana. The remaining four“alternatives

(11 thru V)>employ three,distinctly different treatment’kechnologies to
achieve water quality levels in keeping with the National goal of
eliminating pollutant discharges into navigable waters by 1985 expressed

in PL 92-500. ~¢

Appendix E evaluations were accomplished by using Alternative I
as a reference base and subjectively assessing the effects of the four
other altematives relative to it. The impacts (effects) identified in
this appendix are based on social and environmental conditions different




than what we know exist in 1973. In other words, with all five alternatives
projected to 2020 conditions, the evaluators analyzed the four No Discharge
of Critical Pollutants (NDCP) alternatives in reference to social and
environmental conditions which would be expected if the alternative

meeting existing effluent discharge standards was in full operation. This
usage of a projected reference base has a very real purpose; the study

area will be very different in 1990 and 2020 than it is in 1973. Rather
than attempt to define what those social-environmental conditions would

be like if the reference system was in existence for 50 years, the evaluators
emphasized the differences in impacts that may be expected if each NDCP
alternative replaced the reference system. These differences were most
obvious in terms of the treatment process, number of treatment facilities,
and sludge management scheme unique to each alternative system. Since

the impacts were often easier to define on a functional component basis, the
analysis was structured to point out the strengths and weaknesses of
individual parts of the altermatives. By analyzing alternatives on this
segmented basis, beneficial attributes were identified and detrimental
aspects were highlighted as redesign considerations, or as unavoidable
negative characteristics. The Chicago District responded to some of the
evaluators redesign suggestions by developing the land treatment prototype
discussion in the Annex to Appendix B.

Appendix F provides an estimation of the institutional (i.e.
governmental entities) impacts of the C-SEIM alternatives and highlights
what these impacts would mean to present institutional arrangements i
for wastewater management. The report compares alternatives to identify
differences in impacts expected with each. It serves as a good base
of information should any of the alternatives be implemented on the
proposed regional base.

Appendix G is a summary valuation discussing the implication of each
altermnative system ranging from resource consumption, need satisfaction,
social-environmental and institutional impacts, and economic costs.
Because the impacts extend beyond the C-SEIM study area, the implications
on the outlying area of influence, the two States, the region and the
nation were also discussed. Appendix G contains the disaggregated effect
assessments.

INFORMATION UPON WHI(H EVALUATION JUDGMENTS WERE BASED

Introduction

Appendix E relies on other appendices for supportive documentation.
Ingineering specifications, (i.e., those identifying the physical
requirements and outputs of each alternative), are of particular importance
for the social-environmental effect assessments.
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evaluation team members.

Alternative-Descriptions

current stream quality standards

standards are:

EZEe Performance

A BOD-20mg/1 SS-25mg/1

B BOD-10mg/1 SS-12mg/1

C BOD-4 mg/1 SS- Smg/1

D BOD-4 mg/1 SS- 5Smg/1
NH3-N- 2.5mg/1

E BOD-20mg/1 SS-25mg/1

P-80% Removal

33 plant scheme.

specified to meet the NDCP goal.

existing in the C-SELM study area.

Appendix A provides background data on existing social, environmental
and economic characteristics cof the C-SEIM study area. Appendices
B and D contain relevant information on each alternative's design,
cost, construction and operation characteristics. These three appendices
have been significant information sources for the preparation of all
other appendices to the summary report.
(summarized here briefly) was provided to the social-environmental

The following information

Alternative I, entitled the reference plan, is designed to meet
as identified by the States of Indiana
and Illinois. The five treatment criteria designed to meet these

Criteria

I1linois Dilution Waters»S:1
I1linois Dilution Waters)l:1
I1linois Dilution Watersgl:1
I1linois Portion of Chicago §
Calumet River Systems
Indiana Flows to Lake Michigan

The technologies to achieve these criteria include conventional secondary
treatment of wastewater and add-on advanced treatment components, such

as: mixed-media filtration, for further biochemical oxygen demand (BOD)
reduction and suspended solids (SS) removals; biological nitrification

units for ammonia removals; and chemical precipitation, for phosphorus
removal. The 64 plant system depicted in Graphic Alternative I, is designed
to meet wastewater regional plans of the C-SEIM's area planning agencies.

Alternative II utilizes the physical-chemical (PC) treatment
technology to conform to the no discharge of critical pollutants (NDCP)
water quality standard. As shown in Graphic Alternative II, this is a

For Altemative III, the advanced biological treatment technology is
As depicted in Graphic Altemnative III,
this is a 17 plant system which incorporates the larger secondary facilities
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Altemative IV utilizes the land treatment technology for the
attainment of the NDCP standard. As shown in Graphic Alternative IV
this plan consists of 5 major land sites located outside the C-SEIM
study area. This alternative underwent two basic management concept
alterations during the study, (1) the only land purchased are areas
where lagoons or sludge disposal facilities are to be located, the
remaining irrigation lands to be leased from local farmers thru the use
of initial and annual cash payments, and (2) the irrigation system is
designed in such a way as to blend into the existing land use, thereby
causing minimal disruptions in the rural area.

Alternative V is an advanced biological-land treatment technology
combination plan. Graphic Alternative V thus shows the 5 major advanced
biological treatment facilities of Alternative III together with 5 smaller
land treatment sites servicing the remaining C-SEIM area.

Tabular Information

In addition to the preceding alternative descriptions the evaluators
were furmnished 'hard" scientific data. This data was usually presented
in tabular form. Since most, if not all, of this information is displayed
in Appendix A, Appendix B, or Appendix G, only the titles of the tables
will be listed here. The tabular information included: Summary Cost
Tables, Distribution of Labor (i.e. labor requirements for operation),
Electricity Requirements, Air Impact (i.e., pollutant emissions),

Resource Impact (i.e. resources consumed), Utility Impact, Measure of
Disruption (i.e. dependent on length of conveyance systems), Land Impact
(i.e., areal requirements), People Impact (i.e., number of people displaced),
Measure of complexity (i.e., number of functioning units), C-SEIM
Abandoned Plants (i.e., caused by consolidation). Water Reuse (i.e. water
balance), Stream Depths (i.e., projected stream {lows), Flood Plain Relief
(i.e. acreage protected), Sludge Management Graphics, Characteristics of
Waste Sludges and Land Application Rates, Power Station Cooling and
Pumped Storage Costs (i.e., power synergisms-lznd treatment), Rural

Storm Water (description only), and an Implementation Outline (i.e.,
schedule). The evaluators were expected to review and understand all

of this information prior to performing any alternative analysis.

BASIS OF EVALUATION
Framework
The social-environmental impact assessments are organized to present

a summary overview of impacts expected with each alternative to the C-SELM
region as a whole. Therefore, unfavorable impacts in one segment of the
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region may be counterbalanced by favorable impacts in other segments

of the region. The evaluation team was specifically requested by the 3
Chicago District to evaluate the alternatives on a broad community-wide ,
basis because of the value of a regional perspective. The C-SELM

regron includes not only the areas immediately around Lake Michigan but ,
also areas where treatment, or wastewater conveyance facilities are |
located, such as land areas used for spray irrigation or sludge disposal.

Map 1 is provided to graphically depict the twelve counties adjacent to

the study area which are influenced by the C-SELM alternatives.

It was recognized that one of the major factors in the final
decision-making process will be the extent to which the area's treatment
system will be consolidated or regionalized. Accordingly attention was
focused on,the system components and the causal effects associated
with the function and the alternative's degree of regionalization.
Impacts specific to a site and surrounding locality should, of necessity,
be evaluated once a wastewater management program is adopted for the
study area. A\t that time an effect assessment and environmental impact
statement must be prepared before any phase of the plan of improvement
1s implemented.

Size and Complexity of C-SEIM Area

The C-SEIM area includes 2,600 square miles around the southern end
of Lake Michigan. The C-SELM alternatives exert effects on the twelve
other counties adjacent to the immediate study area (Map 1). Approximately
7.1 million people now live in the C-SELM area with a projected increase
to 11 million in 2020. Hence, the most critical aspect of the area’s
size and complexity is the fact that man and his development will change
the area regardless of whether a C-SELM alternative is implemented or not.

Difficulty in Long-Range Forecast of Impacts

Any individual has problems in trying to envision what social and
environmental conditions will be like in the year 2020. To avoid the
complexity of long-range forecasts, the evaluation teams were asked
what effect each wastewater management system would have on an already
changing environment. This automatically precluded a comparison of
alternatives to an undefinable future condition (2020) and underscored
the importance of subjectively defining the effects attributable to each
system component. Thus the use of a reference alternative becomes even
more logical when a 50-year forecast is part of the evaluation. J

The Impact Process

Appendix E is based on an analysis of the processes by which
alternative wastewater management systems would affect the environment
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and likewise the quality of life. It was concluded that four sets of
parameters interact in the impact process, these are: (1) system
components, their physical requirements for construction and operation,
and their expected performance (output of water, air and solids of
specific qualities); (2) those measurable or non-measurable resources
which comprise the environmental attributes of the area; (3) those human
activities (or use of resources) which make up man's social well-being;
and, (4) the relative worth of human values and goals. It was hypothesized
that wastewater system elements and characteristics create changes
(positive or negative) in environmental conditions and the availability
of resources. These changes then modify the eftectiveness with which
people conduct their activities and also modify the availability of
different activities. Then, the modified activities or human states-
of-being affect human satisfaction relative to the values and goals being
pursued.

By use of a matrix method of analysis, each member of the evaluation
team made subjective judgments as to how each major system component
(e.g. conveyance, treatment process, distribution of treated effluent,
sludge management) affected each major environmental element (e.g. water
quality, air quality, soil quality, aesthetic qualities, etc.) and
subsequently human activities (e.g. recreation, industrial production,
transportation, land use, etc.). The Individual judgments of the various
disciplines represented by the evaluators can be compared by this type
of analysis to the group subjective opinion. Advantages and disadvantages
of the analysis will be discussed in the following Explanation of the
Method of Analysis Used in Appendix E. It is important to be aware that
(1) the matrix method of analysis is an attempt to quantify the
unquantifiable (i.e. impacts on certain aspects of our social and physical
environment), (2) verbal descriptions of impacts are provided in Section
1 and Section 5 of Appendix E to underscore the significant differences
in impacts attributable to the C-SELM wastewater management alternatives,
and (3) wherever the evaluators define an impact they are merely expressing
their subjective assessment of an effect.

EXPLANATION OF THE METHOD OF ANALYSIS USED IN APPENDIX E
THE MATRIX METHOD OF ANALYSIS - AN INNOVATIVE APPROAH

The matrix method of social-environmental impact evaluation is
not a totally new concept. The U.S. Geological Survey (USGS) and the
Institute for Water Resources of the Corps of Ingineers have been
investigating matrix methods of analyses for the past 2 or 3 vears.
The primary difference between the USGS approach and the approach taken
in Appendix E is that analyses in the latter are focused on separate

BT I P



system components. For example, treatment plants may be smaller in size
in one alternative than in another, and therefore create less displacement
of people when they are constructed in the same locations. This
identification of impact would probably be considered insignificant if
it had been lumped together with the rest of the system evaluation. It
also enables the designer of the wastewater management system to verify
that one aspect of one system is considered better socially and
environmentally than another system. Analyses of social-environmental
consideratians on a system component basis has aided the Chicago District
in (1) redesigning specific system components, and (2) screening larger
numbers of alternative systems to fewer.

Matrices are used in this appendix as an element of the overall
social-environmental evaluation of wastewater management systems. The
matrix cannot perform effectively as a method of impact assessment
unless it is supported by verbal and graphic displays explaining what is
meant by using symbols such as negative (-) or positive (+) numbers to
describe impacts. The fact that the matrix method of analysis was used as
a tool to bring out the comments appearing in Section 5 should not be
ignored. The matrix has enabled the evaluator to give a consolidated
group opinion on the impact of a particular system element by placing a
(+) or a (-), (connoting whether the impact is considered beneficial or
detrimental), and a value from 1 to 3, (connoting degree of impact, from
extremely positive to extremely negative). The group opinion is not
displayed in a matrix and left unexplained; hence, the importance of
Section 5. Supportive sections discuss the matrix method of analysis
and what matrices can and cannot do. One particular attribute of the
matrix method of analysis is that it can be utilized by multidisciplinary
evaluation teams to identify both an individual and consolidated

group viewpoint.
HOW MATRICES ARE USED IN THIS APPENDIX

Group Interaction--An Educational Process

1. Prior to Analysis of Alternatives. Written engineering specifi-
cations for the five C-SEIM alternatives were provided the evaluation
team members one week prior to a scheduled group meeting. Each evaluator
reviewed the information with particular attention given to identifying
that data requiring clarification. Due to both the complexity of the
information and the diversity of academic disciplines represented by
the evaluation team, many questions were brought out.

2. Group Meeting--Educational Interaction. The group meeting was
held for three basic reasons, (1) to insure that each evaluator understood
the technical details of the alternatives, (2) to promote group discussions,
and (3) to resolve misconceptions.




The evaluators were instructed by the Chicago District to not
question the validity of the supplied engineering information; a competent
professional engineering firm was responsible for that information. The
social-environmental implications of the C-SELM alternatives were the
only concems of the cvaluation panel. Therefore, questions were oriented
toward understanding the alternatives better. The Chicago District was
represented at the meeting to clarify the design aspects of the
altematives.

Group discussions about various alternatives promoted the education
of ecach evaluator. Fach individual on the evaluation panel had his own
expertise, knowledge, and experience. These discussions, by sharing
individual opinions, aided the evaluators in their analysis of the
complex wastewater management altermmatives. For example, the environmental
engineer listened to the sociologist's viewpoints regarding the social
implications of engineering designs. The environmental engineer was
then better qualified to express a subjective opinion on social effects.
Therefore, the fact that the environmental engineer was given equal weight
in the numerical analysis of environmental and subsequently social effects
was acceptable because of group participation. Individual viewpoints
were not lost, since narrative comments were considered necessary to
support the matrix analysis.

3. Debriefing Session--After Analyzing Alternatives. The evaluators
met to discuss the results of the matrix analysis of alternatives after
the individual numerical judgments were averaged by computer. Since
these average matrix figures were representative of group subjective
opinion, each evaluator was concerned that the analysis was logical and
satisfactory. It was the subjective opinion of the evaluation panel
that the average numerical estimates of social-environmental effects
were both meaningful and satisfactory displays of group judgments.
Individual opinions were not lost, due to the narrative comments portion
of the analysis - which was extremely important to each evaluator.

Method of Consolidating Various Opinions

Since the evaluation team is composed of many different disciplines,
cach evaluator usually looks at a system differently. For example:
a sociologist may view the land treatment alternatives extremely beneficial
overall because they remove a potentially negative impact impetus (i.e. the
treatment plant) from a densely populated urban environment to a sparsely
populated rural area; an ecologist may view land treatment detrimental
overall because of its potential for disruption to existing drainage
patterns. The sociologist is asked how significant is the potential
disruption to drainage patterns, and he may indicate that it has very




little significance and the system is beneficial overall. When asked for
his opinion, the ecologist may place little significance on the sociological
value of removing treatment plants from the urban area. Hence, a

tradeoff (agreement) in overall system rating is achieved; both the beneficial
and detrimental aspects of the system have been identified and the system
may be given an overall rating (considering opinions on a whole range

of social-environmental parameters) of slightly beneficial. No man is
always correct when he expresses an opinion about what may happen (impact)
if something else (implementation of a wastewater management system) occurs.
The larger and more diversified social-environmental evaluation team

can produce a less biased viewpoint of a given alternative treatment

system. At the same time, the different disciplines insure that specific
good and bad points of each alternative and its components were not
overlooked. The evaluation team members realized that the numerical
estimate of impact was limited unless explained by narrative comment.

Used as a Tool - Supported by Written Comment

Each evaluator prepared written comments on the specific impacts being
considered. Those comments were particularly significant when an evaluator
indicated in the matrix format that an impact was extemely beneficial or
detrimental. One advantage of the matrix is that the evaluator is
sometimes able to let a number signify some unmeasurable concermn. The
matrices also provided checklists for the benefit of the evaluator so
that all possible impacts were considered. Therefore, the impacts
which needed emphasis were highlighted in the matrix format by larger
positive (+) or negative (-) numbers, and explained by narrative comment
(in addition to tabular summaries in Section 5). To quote from the
Abstract to Julius Kane's ''Intuition, Policy and Mathematical Simulation''
paper, "It is argued that the main problem in structuring such irmpacts for
the computer has been one of inappropriate format--intuition and opinion
have been treated as garbled arithmetic messages when in fact they are
trying to communicate geometric information. With this insight it becomes
relatively easy to develop computer languages which can readily combine
subjective evaluation with quantitative data.'; The matrix approach used
in Appendix E is based on well standarized psycho-metric scaling procedures.
Psycho-metric scaling is a psychological method to express subjective
data quantitatively rather than qualitatively.

LIMITATIONS TO THE MATRIX METHOD OF ANALYSIS

The numerical impact ratings given to each system are expressions of
subjective judgments based on information provided. Because the judgments




are subjective, the impact ratings are not real value numbers. Therefore,
the reader should not draw conclusions pertaining to the relative merits
of altematives or their components on the matrix score alone. Instead,

he must delay his conclusion until he has thoroughly analyzed the narrative
portions of Appendix E, particularly Sections | and 5, and Appendix G.

An overview of impacts is provided in Section 1 of Appendix [. Real

impact differences between the functional altemative components that can
be quantified (such as resources consumed, or air pollutants) are
discussed in Section 5.

1 - Paper presented at 1973 International Symposium on Uncertainties in
Hydrologic and Water Resource Systems by Julius Kane, Prof. of Math
Ecology, Resource Science Center, University of British Columbia.
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PREFACE

BASIS OF EVALUATION

The evaluations of impacts reported in this document were made at
the request of the Corps of Engineers on the basis of an early draft
of the final specifications for the several wastewater management alter-
natives proposed for the Chicago-South End of Lake Michigan (C-SELM)
Region. The validity of the judgements expressed by the evaluators as
to the probable impacts arising from the engineering design of various
wastewater management alternatives ts, of course, limited by the
quality and correctness of information provided to them as a basis for
their evaluation. For example, each evaluator was instructed to assume
that all deseriptions of the performance characteristics of the proposed
systems and all estimates of impacts were accurate, although many
evaluators questioned the validity of the assumption. To the extent
that these descriptions and estimates are in error, the judgements
of the evaluators are likely to be incorrect. The same implication
holds for the effect of missing information, and absence of detatl.

Direct costs attributable to the various wastewater alternatives
as proposed in the course of the C-SELM study were not included in
the soctal-environmental impact analysis as performed by our evaluation
team, again at the request of the sponsors.

All evaluations were made on the basis of the aggregate impact
to the C-SELM region as a whole. As a result, strongly favorable
impacts in one area of the region could be offset by strongly negative
impacts in another area. Had the available resources (time and money)
permitted it, the evaluations would have been greatly strengthened by
disaggregating the region into smaller areas and evaluating the impacts
on a more localized basis. A similar comment could be made with regard
to the level of disaggregation at which the components of the alterna-
tives were considered.

PROTOTYPE INITIATION AND EVALUATION

The evaluation team hecognizes that none of the wastewater theatment
processes as investigated are new. However, most of the Lnformation upon
which the various alternatives have been designed, has been extrapolated
from small operations on Laboratony analysis. 1t (s suggested that if
any of the C-SELM alternatives be chosen for impfementation that ample
provisions be made for fuld-scale prototype festing and evaluation 4n the
C-SELM area prion to complete initiation of that alternative.




REFERENCE PLAN I

It is important to realize that the most significant goal of
rement is the production of e f‘f?umzt that meets
are °peclJ fied to protect

2r man

'.,‘ s tewate
ffluent quality standards. These standards
stream vater mality, aquatic life and aesthetic values.

i1t can provide additional
space availability

The effluent is also useful because
and enhance recreational and open

s N
-.’u' er suppcLy

public

through storm water control. The fluent quality standards used by

H:L Ce 1';.' and their consultants for comparison in the Reference Plan,

Alternative I do not include the Indiana standards which will be

enforeed by 1975 and 1976 for plants in the Lake Michigan drainage
sin. se Indiana standards together with the well devcloped

Illinots standards, will u@fl."’Z’Lté’ZJ require the upgrading of the
mmieipal and industrial wastewater treatment plants in the Lake

Michigan Region.

It is apparent from our evaluation that the greatest enhancement
er quality in the C-SELM region is attributed to the collection,
storage and treatment of the storm water in urban, suburban and rural
areas. This will provide for a protection of water quality by pre-
enting sudden inflows of large quantities of' poZZutants during
rtorms, by providing flow regulation and by tmproving ground water
expected improvements in surface water quality from
implementation of Altermatives II, III, IV or V in relation to

Ilternative I are ascribed mainly to this factor.

.p ot

S
T S
supplies. Most

Furthermore, it should be noted that the reference plan (64 plants)
lready provides a high degree of regionalization in comparison with
he present array of facilities (130 plants above IMGD capacity). It
L8 w_,“ interest to note that in the August 30, 1972 Interim Evaluation
of Impacts Report, the weighted score results showed preference for a
“,hc 1' number of plants in the proposed systems as opposed to lesser
number of plants. This reflects the prejerence by the evaluators for

1 lesser degree of regionalization than 1s ineluded in the final treat-

Reference Plan) .

<

ment plant alternatives (exeludi ng the
evaluators as to how highly
standards (which
to meet

¥

The question was ratised among the
Alternative I 64 plants with a) the proper effluent
must be achieved by 19754,b) storm water storage and treatment
these standards, and c¢) the degree of regionalization of the system
would have rated relative to the NDCP Alternatives. It was felt by
several evaluators that many of the m"az of wastewater management
the C-SELM area could be achieved at considerably less effort and

in
alternative.

disruption by implementing such an
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SECTION T: SUMMARY OF MAJOR IMPACTS

INTRODUCTION

This report provides an assessment of the social and environmental
impacts likely to arise frcm the implementation of each of the waste-
water management alternatives developed for the Chicago-South End of
Lake Michigan (C-SELM) region as described in the engineering specifi-
cations for the alternatives (Appendix B) and swmarized briefly in
Section IT of this appendix. The report is organized so as to provide,
in this initial section, a brief summary of the major impacts ascribable
to each of the wastewater management Altermatives II through V relative
to those of Altermative I, the reference alternative. In making the
assessments, the impacts judged to result from the implementation of
Altemative I were arbitrarily set to zero, as a reference base, and
the impacts judged to result from inplementation of any of Alternatives
ITI through V were evaluated in terms of the departure from the impacts
of Altermative I. In other words, would the impacts resulting from
Altemative III (for example) be more favorable (positive) or less
favorable (negative) than Altermative I? Thus, a relative difference
in impact was assessed rather than an absolute change. By this means,
the nearly-impossible-to-answer question, "What will the C-SELM region
be like (in the years 1990 and 2020) if alternmative X is adopted?" was
avoided. Instead, the question asked was, "Is the C-SEIM region likely
to be better (in terms of social and environmental impacts) if alterna-
tive X is implemented rather than alternmative I?"

The choice of Alternative I as the reference base (rather than
present conditions, for example) was made by the Corps of Engineers
to give recognition to the probable future developments in wastewater
management in the C-SELM region that wouid result with current waste-
water planning for the region.

Subsequent sections of the appendix describe the methodology used
for impact assessment (Section II) and present the resulting assess-
ments of impact in greater detail: impacts are identified in terms of
a set of primary impact dimensions, largely environmental (Section III),
and then in terms of the human activities affected (Section IV). The
report concludes with an extended verbal description of the impacts
(Section V) quantified numerically in the previous sections. Two
annexes to the report are provided: the first (Annex A) describes the
method used to translate the primary impacts into human impacts; the
second (Annex B) describes and analyzes the diversity of viewpolnts
characterizing the composition and concerns of the individual members
of the evaluation panel.




In summarizing the major impacts for each of the alteratives, a
conscious effort was made to provide overview rather than depth, and
to treat each alternative as an entity insofar as that was possible.
In later sections of this report, the impacts are presented and dis-
cussed in terms of a set of six functional components of which the
altermatives are composed. The six functional components are described
in Section IT. This approach permitted a more detailed development of
the impact assessments and a closer identification of the components
producing the impacts.

In this summary, the impacts judged to result from the implemen-
tation of each wastewater management alternative are discussed in
terms of three major factors: Environmental Quality, Social Well-
Being, and Economic Development. Several sub-topics are embodied within
these factors as follows:

A. Environmental Guality

1. Health, diversity and productivity of
plants and animals

2. Preservation or enhancement of land and
water resources

B. Social Well-Being

1. Hyglenic characteristics
2. Aesthetic characteristics
3. Social characteristics

C. Economic Development (regional base)

All impact evaluations were made on the basis of the aggregate
impact (in the particular dimensions being considered) to the C-SELM
region as a whole. As a consequence, a localized unfavorable
(negative) impact in one area of the region might be counterbalanced
by a favorable (positive) impact in another area of the region. The
result could be a neutral impact for the region as a whole.

For evaluation purposes, the C-SELM region was defined to include
not only those areas around Lake Michigan comprising the basic regilon,
but also any areas outside the basic region where treatment facilities,
pipelines, or conduits were located (such as the land areas used for
wastewater treatment, sludge disposal, etc.).

Discussion for each of the five C-SELM alternatives is divided into
several topics: A Description provides a concise identification of the
altermative in question. Overview of Impacts attempts to briefly
portray the overall impact of the altermative in question to the
remaining alternatives. Following this are three topics, each addressed
to one of the three major impact factors mentioned above.




ALTERNATIVE T
DESCRIPTION

Wastewater management Alternative I is comprised of 64 biclogical
treatment plants of substantially conventional design. The effluent
from these plants will meet current water quality standards for Illinois
and Indiana. At some plants, conventional secondary biological treat-
ment is augmented by filtration of part or all of the effluent to meet
requirements for suspended sollds discharge. Bilological nitrification
for ammonia reduction is used at those plants discharging to the Chicago
and Calumet River system, and phosphorous removal is employed for
those plants whose effluent reaches lLake Michigan. The only storm
water treated in this alternative includes the combined several areas
of the Chicago Metropolitan area (following the Chicago tunnel plan)
together with the cities of Gary and Hammond. As such, it offers
some improvement in the management of storm water quality over current
practice. Sludge management is accomplished by a combination of
land reclamation and agricultural utilization, with the latter pre-
dominating.

This alternative represents a substantial consolidation of
existing treatment facilities (a reduction from about 135 plants above
1IMGD now in existence to 64 plants proposed for the alternative).

Most of the plants to be eliminated are very small. The alternative
represents an estimate of the trend for wastewater management in the
region. As such, it served as the reference alternative for the eval-
uation of impacts of all other alternatives (II through V) for waste-
water management in the region.

OVERVIEW OF IMPACTS

The detailed assessments of impacts judged to result from the
implementation of Altermatives II through V were made in terms of the
impacts of these alternatives relative to those anticipated from
Alternative T.

As a consequence of the evaluation strategy employed, no detailed
assessment was made of the impacts to be expected from the implemen-
tation of Alternative I. Some of the evaluators viewed it to be
"one of the best" from an overall standpoint of impact while many
regarded it as among the worst. In the following section, an attempt
is made to speculate about the impacts that would be produced by im-

plementation of Alternative I as compared to the present situation
for wastewater management and the conditions produced thereby
throughout the C-SELM region.




ENVIRONMENTAL QUALITY

Health, Diversity and Productivity of Plants and Animals.

Y,

A slightly favorable impact on biotic communities is antici-
pated as a result of improving surface water quality and reducing the
frequency of combined sewer overflows. The reduction of treatment
plants from 135 to 64 will require construction of more extensive
conveyance systems, and so unique and rare species and things ary: more
susceptible to disruption. This potential impact is considered un-
favorable. The overall impact on ecosystem status will be neutral or
very slightly positive since the impact of continued nutrient dis-
charges to surface streams (expected with existing standards) is dif-
ficult to assess.

Preservation or Enhancement of Land, Air and Water Resources.

Surface water quality is judged to improve moderately because
of the increased efficiency and reliability of wastewater treatment
(due to the elimination of the very small packaged treatment plants).
The treatment of storm water in the corbined sewered areas will corn-
tribute strongly to this improvement. Effects on surface water quantity,
however, are likely to be unfavorable due in part to the elimination
of the small treatment plants located on small streams. In times of
drought, the effluent from these plants often provides the only flow
in the stream. Consolidation of treatment plants also leads to ex-
cessively high flows (in excess of estimated channel capacity) in
some streams at the point of discharge of treated wastewater into
those streams, again a negative impact because of flooding unless
such discharges are prevented.

Groundwater quality and quantity are not likely to be affected by
the implementation of Altermative I. Air quality should improve
slightly with the relocation of most sludge treatment to land recla-
mation or agricultural areas, but the impact change is more one of re-
location than of absolute reduction. The net impact on mineral resour-
ces should be neutral (no change) as a result of internal compensations
(more efficient use of construction material in construction of treat-
ment plants as compared wilth the additional resources consumed in
constructing pipelines).

A slightly favorable impact on soll quality is anticipated to
result from the greater utilization of sludges for agriculture and land
reclamation.

SOCIAL WELL BEING

Hyglenic

Health, safety and general hygienic conditions are expected to
improve somewhat as a consequence of the general improvements in environ-




mental quality previously discussed. The major contributory factor
is the improvement in surface water auality.

Aesthetic

The only change in aesthetic characteristics that can be antici-
pated by the implementation of Altermative I is the improvement in
surface water quality resulting from increased efficiency and relia-
bility of treatment plants and the effect of storm water treatment in
the combined sewered areas. This improvement is partly offset by the
probable drying up of small streams in drought times when the small
treatment plants discharging to those streams are eliminated. A
flowing stream with fair-to-poor quality water is generally preferred
aesthetically to a dry stream bed.

Sensory quality of the environment should improve moderately
with the improvement in stream water quality and the relocation of
sludge disposal to agricultural or land reclamation areas. The use
of sludge for land reclamation purposes produce especially favorable
impacts on aesthetics. However, the amount of land reclaimed via
Altermative I is not considered significant.

Social Characteristics

The social characteristics of the C-SELM region are not expected
to be appreciably affected by the implementation of Alternative I.
Residential activity and recreation may be slightly enhanced because
of the modest improvements in surface water quality and sensory quality
of the environment, but this may be offset by the slightly negative
impacts resulting from increases in immigration and population density
afforded by the implementation of a regional wastewater management
system(i.e. construction of housing developments and related facilities
would become more feasible).

ECONOMIC DEVELOPMENT

Commercial and industrial land use is likely to be somewhat
negatively affected necause of the consolidation of small treatment
facilities into larger plants. This effect is due to the fact that
larger treatment plants occupy more space, which is usually within
commercial-industrial areas. Agricultural land use should be enhanced
(a favorable impact) as a result of the sludge disposal techniques. The
overall impact on energy is judged to be neutral, since the electrical
energy used is of about the same magnitude as the electrical energy
equivalent of the excess natural gas produced by the heated aerobic
sludge digestors.

Commercial and industrial production, private service,.employment
and income are not judged to be affected by the implementation of
Alternative I.

E=&=5




Food production should be enhanced slightly by the application
of sludge to agricultural land. Public service will also be Increased
(a positive impact) by the existence of a regional wastewater manage-
ment system. Public finance, overall, should not be affected since the
cost of the regional system is not likely to exceed (and may well be
less than) the cost of continued private investment in numerous small
wastewater management facilities.

Construction services would benefit slightly, if at all, from the
implementation of Altermative I, again because of the compensating
effects of public investment in construction of wastewater treatment
facilities supplanting private investment.

IMPACTS COMMON TO THE NDCP ALTERNATIVES

Some functional components for wastewater management are common
to Alternative II through V, the "No Discharge of Critical Pollutants"
(NDCP) alternatives. As a consequence, the impacts of these components
are also common to all NDCP altermatives as well. Before presenting
the impacts of each alternative in turm, the most noteworthy of the
impacts common to the NDCP alternatives will be discussed. These
impacts will also be included, but not discussed further, in the
summary of impacts for each altermative.

POTABLE WATER SUPPLY

The basic premise for all of the alternatives was that future
potable water supply needs would be met by continued withdrawals from
Lake Michigan and from the available ground water resources. This
would require, after about 1990, that the Illinols requirements for
Lake Michigan water exceed the currently authorized 2068 million gallons
(e.g. 3200 cfs) per day diversion. By the year 2020, almosti360 million
gallons a day of Lake Michigan water beyond the authorized amount would
be needed. An option was provided for the NDCP alternatives (II
through V) to engage in a limited reuse of treated stormwater and re-
claimed municipal and industrial wastewater, so as to maintain the
diversion from Lake Michigan at its authorized level. The noteworthy
impacts judged to result from the practice of reuse follow.

Environmental Quality

The only appreciable impact on Health, Diversity and Productivity
of Plants and Animals was a slight reinforcement of the ecosystem status
(by insuring little alteration from existing conditions). More positive
impacts accrue to the Preservation or Enhancement of Land, Air and
Water Resources in terms of surface and ground water quantity as a
result of the smaller quantities of water diverted from Lalke Michigan
into the C-SELM region.
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Social Well Being

Hygienic characteristics of the region were judged to be minimally
degraded by the potable reuse of reclaimed wastewater, due to the
somewhat poorer quality of the reclaimed water relative to that of Lake
Michigan.* Aesthetic characteristics were also judged to be diminished
somewhat for the same reasons. Social characteristics were judged not
to be affected noticeably, however, an effective public education program
will be necessary before recycled water will be acceptable for potable

supply.

Economic Development

Since the same volume of water would be available via reuse of
reclaimed water or from Lake Michigan, there should be no differen-
tiation between them in terms of economic development.

STORM WATER MANAGEMENT AND EFFLUENT DISTRIBUTION

Alternatives IT through V all provide for the collection, storage
and treatment of large quantities of storm water runoff from all urban
suburban and rural areas. The rural storm water management system
consists of local collection and storage of runoff in small ponds
widely distributed throughout the region, and treatment by a spray-
irrigation technique on land adjacent to the ponds. Underdrains or
wells collect the treated storm water so that it can be reused for
potable supply or redistribution to local streams.

Urban and suburban storm water management also utilizes storage
facilities but relies on the treatment plant system peculiar to each
altermative for treatment of storm runoff.

The fact that vast quantities of storm water runoff are collected
and treated requires that the treated storm and wastewaters be
redistributed to the streams throughout the area. While the quantities
distributed to each stream and location are not identical for all
altematives, the range of variation is limited and the variation
was not judged to produce significantly different impacts accruing to
any alternative as a result of the variation. As a general rule,
however, the larger the number of treatment sites, the more uniformly
is the effluent distribution throughout the region and the less complex
is the piping system needed to convey the storm water from its treat-
ment site for redistribution of the treated effluent back to the streams.

The following impacts associated with storm water management and
effluent distribution are common to Altermatives II through V.

Environmental Quality

The health, diversity and productivity of plants and animals
are substantially enhanced by the improved surface water quality and
by the reduction in frequency of flood and drought ws in t

Unique and rare things may be affected slightly negatively, however,

*Reclaimed wastewater has higher TDS (total dissolved solids)
than Lake Michigan water.
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the flood plain should still be discouraged, ver.
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he rural storm water management ponds offer potential recrea-
tional and open space uses, as do the adjacent irrigation areas.

The impact on mineral resources will be slightly negative becaust
of the ¢ ‘H:ELI’l.JLlOYl materials utilized in the conveyance and treat-
ment systems. No appreclable impact is foreseen on soil quality.

Social Well Being

Hygienic characteristics of the region were judged to be gre:
enhanced by the colleption and treatment of storm water. The hea
and safety of the region's inhabitants will be vastly improved by
both the improved surface water quality and the reduced incidence

f flooding.

The aesthetic characteristics again reflect the inm
surface water quality and the attendant improvements in
of the enviromment. Recreation and open sprace also benefi
from the reduced incidence of floods and droughts, the i;i.\“}m' ave-
erage stream flows, and the more beneficial utilization (i.e., rec-
reational) of the flood plain. In addition to the recreation and
open space benefits previously described, residential land use and
residential activity near rural storm water management r\oms and
for flood plains were judged to be significantly enhanced.

provements in

Economic Development

The overall impact on economic development was assessed to be
slightly to moderately negative. Energy requirements are ;::1[‘::1:1:.? ial

in order to transport the vast quantities of water to and from the
treatment facilities, as well as to treat the water itself. Commer-
cial, industrial and agricultural land uses were judged to be encroached
upon (a neg ‘11,1":" impact) to provide the necessary land for storage

and treatment facilities. As a result, the impacts on commercial and

industrial m’() juction are also slightly negative




alternative. Included are 33 treatment facilities, urban-suburban-
rural components of stormwater management and sludge management through
agricultural application. An option exists in the development of
potable water supply for the C-SELM region; either with emphasis on
Lake Michigan as a supply source or alternatively the reuse of treated
wastewater for a significant portion of potable supply needs.

OVERVIEW OF IMPACTS

Of all the alternatives (including the reference) this alternative
will produce the largest number of negative impacts, in terms of
environmental dimensions and human activities. As a result, this
alternative was rated least desirable of all.
ENVIRONMENTAL QUALITY

Health, Diversity and Productivity of Plants and Animals

The overall impact on biotic communities is judged to be slightly
to moderately negative. Air pollutants and emissions from the treat-
ment process, and the PC sludge management requirement for excessively
large tracts of land are considered significant negative design factors.
Aquatic comunities in C-SEIM streams would be somewhat enhanced by
the improvements in surface water quality. Unique and rare environmental
elements are also negatively affected, largely as a result of the
potential for disruption caused by the construction of conveyance
systems for the water and sludge. Air pollution from the treatment
processes may contribute to this assessment as well.

Preservation of Land, Air and Water Resources

The common elements of storm water management, NDCP effluent
standards and effluent distribution combine to produce positive
impacts on surface water quality and quantity and, to a lesser extent,
on ground water quality and quantity. No impact 1is perceived on
soil quality, aside from the effect of PC sludge (similar to lime),
but strong negative impacts are recorded for air quality and mineral
resources. Both of these are predominantly associated with the PC
treatment process. Most air pollution originates in line recalcination
by incineration, which releases vast quantities of nitrogen oxides and
sulfur oxides as well as particulates. The negative impact on mineral
resources arises from the consumption of clinoptilolite and other minerals
used in the treatment process (see Table E-V-3).

SOCIAL WELL BEING

Hygienic

The water quality impacts common to all NDCP plants provide

strongly favorable impacts on surface and ground water quality. A
strongly negative impact on air quality was judged to result from th

E-I-9




implementation of the PC wastewater management altermative. Of
particular concern from a hygienic standpoint are the oxides of
nitrogen and sulfur that are emitted in large quantities. Although
the evaluators were informed that the air pollution emissions would
meet current standards, the quantities of air pollutants emitted
with the FC alternative may be 10 times as great (or more) than the
juantities emitted with the other altematives. In a metropolitan
area such as C-SELM, air pollutants are emitted from a variety of
sources. Few of these sources have the option of reducing their

ssions by adopting different technology. The selection of a P(
ater management alternative for implementation would ! B =
be justified on exceptionally strong grounds to overcome the adverse
effects of air pollution (see Table E-V-2).

The overall impact on health and safety ascribed to Altermative
IT was slightly negative.

Aesthetic

The overall impact of Alternative II on the aesthetic character-
istics of the C-SELM region was judged to be slightly positive (but
other NDCP altematives were 3 to 5 times more strongly positive).

The net positive impact stems mostly from the water quality and
quantity impacts described previcusly and from open space impacts

of the storm water management and agricultural disposal of sludge.
These positive impacts are partly counterbalanced by the strongly
negative impacts on air quality and the weakly negative impacts on
sensory quality (noise, odors, visual, irritants, etc.) of the environ-
ment.

1
It

Social

The overall impact of Alternative IT on Social Characteristics
was judged to be neutral relative to that of Alternative I. This
represents a balance between a moderately positive impact associated
with recreation and an accumulation of small negative impacts assoc-
iated with residential land use and activity, access, immigration,
cultural-educational activity, population density and community social
and political structure. These small negative impacts all accrue as
a result of the effects described previously under the topics of
environmental guality and social well being.

ECONOMIC DEVE

The aggregate impact on economic development judged to result
from the implementation of Alternative II was moderately negative.
Heading the list of strong negative Ilmpacts was the excessive drain on
energy resowrces, especially natural or synthetic gas. The requirement
for 160 to 190 billion BTU per day i the amount

required for Alternatives IIT and V. Altermatives I and IV have no

two To three t '“-‘,.:




requirements for natural gas. The demand for electrical energy,

about twice that required for the reference alternative, is L'_S'l than
the other NDCP altematives. However, the demand for »ﬂﬂc‘rr’w energy
i w‘»;,' M ut 20% of the total energy requirement for this alternative.
The negative impacts described previously under the topics of
Environmental Quality and Social Well Being combine with the energy
impact to produce small to moderate negative impacts in all aspects

f economic development. These aspects, listed in decreasing order

of severity of impact are: industrial production, commercial production
struction services, employment, income, public finance, private

service, public service. If only one major industry were precluded

f‘m., locating in the C-SELM region because of the excessive demands

placed on the region's energy, air and land resources by the PC treat-

ment altemative, the economic impacts would ripple through the region

Iin much the same way and magnitude as are attributed to this alterna-

ALTERNATTVE III
DESCRIPTION

This management system is composed of 17 advanced biological
treatment plants plus a storm water management system for urban, sub-
urban and rural areas similar to that used in all other NDCP alterna-
tives. Sludge management is by either of two options: application
of sludge to agricultural lands as a fertilizer and soll conditioner;
or application to strip-mined or related areas as a reclamation
measure. Future needs for potable water may be met either by a
combination of ground water and Lake Michigan water or by some reuse

of reclaimed wastewater.

OVERVIEW OF IMPACTS

The impacts assessed for this alternative are consistently among
the most favorable of all the altematives considered. When land
reclamation is used as the method of sludge management, the alternative
produces the highest impact ranking of all alternatives that do not
employ a power synergism. Optimal variations of the alternatives are
the second and fourth highest ranked of all the altermatives and
variations, and are slightly exceeded only by the somewhat similar alter-
native V (5 AB plants plus dispersed land) for which a power synergism is
employed.

ENVIRONMENTAL QUALITY

Health, Diversity and Productivity of Plants and Animals

Little impact in this area is anticipated to result from the
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SOCIAL WELL-BEING

Hygienic Characteristics

The anticipated improvements in surface and ground
resulted in a generally positive impact on the hyglenic
f the region. This may be attributed more to the suitabi
surface waters for recreational uses such as swimming, r'is
other uses, than to the use of the waters for potable needs, since
further treatment of the waters to produce potable quality is anti-
cipated in all instances.

Aesthetic Characteristics

Alternative III offers a potentially greater improvemerit
sensory auality of the environment (visual appearance, odors,
etc.) than arny of the other treatment alternatives Mn n land
is the method for sludge management. The opportunity f n
of blighted strip-mined and related low productivity lands into useful

and pleasing areas has a dominating effect here, although the imp: d
visual appearance of surface waters and the elimirati i malodor

from ponds and streams common to all the NDCP alternatives contributs
further to the favorable aesthetic characteristics.
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Social Characteristics

Alternative III was judged to have strong favorable impacts on
recreation and open space, although less than with some of the options
within the land treatment alternatives. This favorable impact was
also more strongly displayed when land-reclamation was utilized for
sludge. A similar but smaller positive impact was found in the dimen-
sion of residential land uss, due to the physical suitability of re-
claimed areas for attractive residential areas. Small negative
impacts on access were anticipated during the construction of pipe-
lines, tunnels and other facilities.

In general, the alternative was considered to provide sub-
stantial improvements in the social characteristics of the area over-
all. Recreation and residential activity are most favorably affected.
These positive impacts results from the favorable impacts on environ-
mental quality and other social characteristics described previously.

ECONOMIC DEVELOPMENT

All alternatives reflect a negative impact on economic develop-
ment, but least so for Alternative III as a whole. Energy consumption
is a substantial component of this negative impact. Both natural gas
and electrical energy are required in substantial quantities. Industrial
production is also somewhat negatively affected by Alternative IIT,
partly as a result of the large treatment facilities required and
located most commonly in industrial areas, precluding the use of the
land for industrial purposes. The competition between industry and
wastewater management for the use of the region's air and energy
resources also influences this. Commercial production somewhat shares
in this negative impact for similar reasons. Other dimensions of
economic development--food production, construction services, public
service, private service, employment, income and public finance--are
only slightly affected by the alternative.

ALTERNATIVE IV
DESCRTPTION

Alternative IV constitutes a totally land treatment process.
Included are several land treatment sites dispersed about the fringe
of the C-SELM study area. Wastewater is to be conveyed to the land
sites and returned for reuse in the urban portion of the C-SELM area.
Sludge management contains two options: to manage sludge for agricul-
tural purposes as an integral part of the land treatment facility or
to utilize sludge elsewhere for reclamation of strip-mined land. The

e

siting of power generation facilities within the land treatment sites
utilizing the storage lagoons as cooling ponds is also an optiorn.
Furthermore, the procurement of potable water supply from Lake Michipgar
or from treated wastewater serves as an additional option.




ENVIRONMENTAL QUALITY

Health, Diversity and Productivity of Plants and Animals

Implementation of this altermative was viewed to produce a
sienificantly negative impact on biotic commnities and on unigue or
rare things, primarily because of unavoldable disruption to these
things during construction or installation of the land treatment
facilities. Ecosyst

tem status is moderately enhanced, however, by the
preservation of open space inherent in the land treatment alternative.

Preservation or Enhancement of Land, Air and Water Resources

The favorable impacts on water quality and quantity and open
space common to all NDCP alternatives are clearly in evidence here.
They are further enhanced by the absence of air pollutant emissions and
depletions of mineral resources for treatment processes. Indeed, a
net positive impact on mineral resources is anticipated in recognition
of the potential value of the construction materials (rock and unconsoli-
dated materials) recovered from the mining of the wastewater convey-
ance tunnels. Soil quality is also moderately enhanced, more through
the sludge management options than by irrigating croplands with
wastewater.

The region's open space lands are definitely preserved (a positive
impact) by the implementation of this land treatment alternative.

SOCTAL WELL-BEING

Hygienic

The generally favorable impacts described earlier as attributable
to all NDCP alternatives are diminished somewhat by the unfavorable
impacts in this category attributable to the spray~-irrigation of
partially treated wastewater and the presence of large storage and
treatment lagoons. Health precautions will be designed into the land
treatment systems. However, the fact that precautions are necessary
is viewed as a negative impact.

Aesthetlcs
Here again the generally favorable impacts attributable to all of

the NDCP altematives in terms of environmental quality serve to promote
the aesthetic characteristics attributable to this alternative. These

positive impacts are reinforced by the favorable impacts on sensory

suality of the environment since open space is afforded by the implemen-
tation of a land treatment alternative.




Social Characteristics

Moderate negative impacts on residential land use (since the land
would be restricted to agricultural use) and on access resulting from
the reservation of large tracts of land for wastewater treatment and
agriculture are offset by the strongly positive impacts on recreation
and open space attributable to the alternmative. When sludge management
by land reclamation is employed, small positive impacts accrue to the
social characteristics of residential activity, immigration, cultural-
educational activity, and community social and political structure.
These impacts result largely from the recognition of potential benefits

that are anticipated for the use of the reclaimed land area. When sludge
management is by agricultural utilization, however, the positive lmpacts
on social characteristics disappear and the alternative is basically

neutral relative to Alternative 1.

ECONOMIC DEVELOPMENT

As with all of the NDCP alternatives, a major negative impact on
economic development arises in terms of the energy requiremerts for the
operation of the treatment processes. These demands are wholly for
electrical energy, though, and when power plants are sited on the land
treatment facilities, the aggregate impact is regarded as slightly less
severe. Commercial, industrial and agricultural land uses are subject
to slightly-to-moderately negative impacts when power plants are not sited
on the land treatment areas. The assumption was made that the total
amount of power generated in the C-SEILM region would be the same regard-
less of the location of the power generating facilities. Since large
areas are required for the land treatment facilities and processes,
the failure to site power facilities on the same land as the treatment
facilities must mean that the power plants would be sited in commercial,
industrial or other agricultural land use areas in competition with
those uses for the space.

In the aggregate, the impacts on economic development attributable
to this alternative are slightly~to-moderately negative. Most affected
are commercial and industrial production as is true of all the NDCP al-
ternatives. The remaining dimensions of impact (employment, income,
public and private service, public finance) can be viewed as spill-over
effects from the impacts on commercial and industrial production. The
negative impacts are less severe when power plants are sited on the d
treatment areas, reflecting the potentiil competition for power and land
use between commerce and industry on the one hand and wastewater treat
ment facilities and power generation stations in the other hand.
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OVERVIEW OF IMPACTS

When land reclamation is employed for sludge management, the im v
Jjudged to result from implementation of this alternative are ren 1arkab] ly
similar to those attributed to Alternative III. A larger number of
unfavorable impacts are attributed to the alternative when sludge disposal
is by agricultural utilization.

ENVIRONMENTAL QUALITY

Health, Diversity and Productivity of Plants and” Animals

A slightly negative impact on unique and rare things is perceived
for this alternative, largely as a result of disruption durin
tion. The impact is less negative than that encountered th the wholly
land treatment alternative (IV) but somewhat more neg at ive than with the
17 plant AB alternative (III). Biotic communities, 1 general, are
only slightly affected (mixed positive and negative impacts). On the whole,
ecosystem status is reinforced quite strongly as was the case for Alter-
natives IIT and IV as well.
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Preservation or Enhancement of Land, Air, and Water Resources.

The impacts common to all NDCP alternatives contribute to the strong-
ly favorable impacts in this category. Soil quality is moderately en-
hanced as a result of the sludge utilization, an impact generally common
to Alternatives ITI and IV as well. Air quality impacts are slightly
nesratu»} as are mineral resource impacts. Both of these impacts aris

‘.

from the treatment plants component of the alternat
CTAL WELL BEING
lygienic Characteristics
The impacts of ":!“ rnative V on the hygienic characteristics
region are generally favorable, reflecting the enhanced water quality




(surface ana groundwater) provided by all NDCP treatment alternatives.
The small impacts (mixed positive and negative) on air quality neither
contribute to nor detract from the moderately positive impact on health
and safety in an appreciable amount.

Aesthetic characteristics

This category of social well-being is enhanced most strongly of all
by alternative V. Sensory quality of the envirorment (visual appear-
ance, odors, noise, etc.) is moderately improved when land reclamation
with sludge is employed, and slightly improved when agricultural appli-
cation of sludge is used. The improvement in surface water quality also
contributes strongly to the aesthetic characteristics of the region.

Social Characteristics

The overall impact of alternative V on social characteristics is
positive: moderately so when sludge is utilized for land reclamation.
The impacts on residential land use are slight and mixed (positive with
land reclamation, negative with agricultural utilization of sludge).
Access (to transportation, communication, public utilities, etc.) is
moderately impeded because of construction activities and the space
requirements for treatment facilities. All other aspects of social char-
acteristics (recreation and open space, residential activity, immigra-
tion, and cultural-educational activities) are moderately to strongly
enhanced as a result of the positive impacts on environmental quality
and social well being described previously.

Economic Development

The optional variations within alternative V produce varying degrees
of negative impact on economic development. As with all alternatives
energy resources are most negatively impacted. Commercial and industrial
land use is subjected to a slightly negative impact when power generation
is not employed in the land treatment areas. As a consequence, commercial
and industrial productilon are impacted negatively, as is construction.

As was explained earlier, these Impacts reflect competition between the
private and public sections of the economy for the region's resources.
Other aspects of economic development (employment, income, public and
private servie, public finance, and food production) are slightly en-
hanced by the generally favorable envirommental quality and social well-
being accruing to the region. Fallure to take advantage of the potential
power synergism however produces slightly negative impacts in these cate-
gories when agricultural utilization of sludge is employed, again for
reasons previously discussed.




DISCRIMINATING FEATURES OF THE NDCP ALTERNATIVES

Certain aspects of the NDCP alternatives were of significant value to
the evaluation, since they displayed obvious differences between alterna-
tives. The major differences in the impacts judged to result from the im-
plementation of each of the NDCP alternatives (II through V) relate strongly
to four features or characteristics of the alternatives: number of
"treatment plants" (extent of decentralization as opposed to regionaliza-
tion for economies of scale); type of treatment process employed; method
for sludge management; and power generation at the land treatment sites.
In the following paragraphs, the effect of each factor is discussed in
terms of the manner in which it influences the overall impacts of the
alternatives.

NUMBER OF "TREATMENT PLANTS"

The number of treatment plants or sites used in structuring an al-
ternative reflects the extent of decentralization of that alternative.
In general, the impacts are more favorable when larger numbers of plants
or sites are employed, for the plants themselves tend to be smaller and
more widely dispersed throughout the region. This, in turn, causes the
wastewater collection systems to be shorter and less complex, with less
disruption to the region during construction. Since the treated wastewaters
are returned to the streams of the region at a multitude of sites to im-
prove the streams' flow characteristics for navigation, recreation and
flood control benefits, the conveyance system needed to redistribute the
effluent throughout the region would also be simpler, reguire less energy
for conveyance, be cheaper to operate and produce less disruption. Also,
the effluent tends to be distributed somewhat more uniformly or desirably
throughout the region with a decentralized system.

Recent studies have shown chat the expected day-to-day variations in
the performance of treatment plants can produce substantial variations
in the quality of water in the streams receiving the effluents from these
plants. These detrimental effects on stream quality are minimized by
utilizing larger numbers of medium-sized plants in preference to small
numbers of very large plants.

The impacts on relocation of people relating to decentralization
are marked, in large measure, by the differences in treatment technology
and sludge-management technology, but would probably also reflect the
preference for decentralization.

TYPE OF TREATMENT PROCESS

e

NDCP alternatives were designed around three technologies for

wastewater treatment: advanced biological treatment (AB), physical-

chemical treatment (PC), and land treatment by irrigation (Land). Favor-
B
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Both land and AR treatment offer better utilization of resources
than PC treatment, not only in terms of the sludge, but also in terms
of the chemicals and other mineral resources consumed in the treatment
processes. The potential value of the nutrients in wastewater used for
irrigation was discounted by the bulldup of heavy metals and other com-
pourds in the soil giving an overall neutral impact.

Consideration of the air pollutant emissions expected from each of
the technologies tends to favor land treatment over AB treatment, but
both are clearly more favorable than PC, the emissions of which produced

many of the negative impacts associated with thils treatment technology.
SLUDGE MANAGEMENT

Two sludge management options were considered for the sludges pro-
duced by the AB and Land treatment technologies: land reclamation and
agricultural utilization. In land reclamation, the sludges are used to
develop new topsoil for surface-mined areas. Agricultural utilization
involves the application of sludges to agricultural lands to serve as a
soil builder as well as fertilizer.

The most favorable impacts were judged to result when the land rec-
lamation option was adopted. In the judgment of the evaluators, it repre-
sented a higher and better use of resources, involved less displacement
of people, and might even serve to encourage commerce and industry by
making surface mining a more acceptable technolcgy.

Agricultural utilization of sludge was the only option proposed
for PC sludge management. As such, agricultural utilization was a com-~
mon option to all NDCP alternatives. However, the amount of land needed
to receivethe PC sludge was extremely large (about 1000 square miles,
nearly 10 times the area required for AB or land sludge), and this alone
was viewed as a negative impact of PC treatment. Also, the sludge itself
was considered to be of lesser value than AB or Land treatment sludge.
Overall, the agricultural utilization option for sludge management tended
to favor AB or land treatment as preferred to PC treatment.

POWER GENERATION AT LAND SITES

The lagoons and associated lands needed as part of the land treat-~
ment technology offered the opportunity for complementary use in power
generation, since the land areas could provide the necessary isolation
and buffer zone for the generating station and the lagoons could be
utilized as cooling ponds. In considering the impacts associated with
this complementary use, the evaluators assumed that future demands for
power would be met by generating capacity built within the C-SELM region
in accordance with FPC projections. Their evaluation, then, reflected
the preference for generating power at the land treatment sites as opposed
to elsewhere in the region. As a result, strongly favorable impacts
were assoclated with the synergism of power generation and land treat-
ments again a manifestation of theefficient use of resources. Indeed,
it is with this efficient use of resources (power generation) that Al-
ternative V (5 AB plants plus 6 land treatment sites) becomes nearly
identical to Alternative III (17 AB plants, no power) in the array of
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RANKING OF ALTERNATIVES

The evaluation procedure was designed so that
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Detailed .’ﬂldl‘\;tfu of these rankings are presented in Section IV and
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a cursory overview of the results.

RANKING BY AVERAGE IMPACTS

The averages of the subjective assessments assigned by each evaluator
for each impact dimension were combined to produce an overall impact score
for each of the possible variations of the alternatives (systems). When the
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The reader should refer to Section IV, Table E-IV-3 and Figure
E-IV-3 for a complete presentation of the rankings by this method.

UNBIASED AVERAGE OF INDIVIDUAL EVALUATORS' RANKINGS

Just as the average assessments of impact were used to complete
an overall impact score for the ranking of alternatives, the individual
impact assessments of each evaluator were used to calculate overall im-
pact scores peculiar to that individual. The scores and rankings cal-
culated in this way were analytically combined to reveal that the 13*
evaluators could be consolidated into seven independent viewpoints of
impact. When these seven viewpoints were given equal weighting, the
average of the impact scores fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>