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REPORT CCI’4POSITION

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

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

B. Basis of Design arid Cost - This appendix contains the cri teri a and
rationale used to design and cost the final alternative wastewater treat-
rnent system components.

C. Plan Formulation - The appendix presents the pi~inning conceptsand 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 fina l
five regional wastewater management alternatives. Components of these
alternatives are described in detail in Appendix B.

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

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

G. Valuation - This ~pnendi~ 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 p l ann i ng process.

I. Conm~ents - This appendix contains all of the formal con~ ents fromlocal , State and Federal entities as the result of thuir revie~ of ~hLother appendices and the Suimiiary Report . \lso capsul i zed are the views
of citizens presented at public rneetiiws .

The Sii~ii~ary docunent presents an overview of the entire study.
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INTRODUO’I~~ TO APPENDIX E

SOCIAL-ENVI RC~IENTAL EVALUATI (}~
The following introduction to Appendix P has been prepared by the

Qucago District in order to explain what this appendix accomplishes
and how it fits into the entire study report.

SOCIAL-ENVI !~)N?~ENTAL APPENDIX - ONE OF ThREE EVALUATI(}~ APPENDICES

Appendix E is one of three appendices in the C-SEJJ.i study report
dealing with the evaluation of was tewater management alternatives . 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 Northwes tern University) and Indiana (Northwest
Indiana Comprehensive Health Planning Council), and (2) to benefi t from
the ideas of professionals from various academi c disciplines (for listing
see credit page in Appendix Preface) .

tEFINITION OF ThE Il-IREE-PART EVALUATICN

Tj-~~ Appendix B discusses only the social and envi ronmental implications of
the regional was tewater management systeu~ , Appendix F describes the impacts
of each alternative system on existing institutional arrangements in the
area , and Appendix G evaluates the alternatives with respect to the
iii~ lications from a local , regional and national standpoint. JiAppendix
B and F were prepared by Contractors for the Chicago District , whereas
Appendix G was prepared by Dis~.4ct personnel. These three appendices
address the final array of fivè~4~as tewater management alternatives developed
in this planning study. Each alternative is unique to itself and represents
many advantages and disadvan tages depending on the viewpoint of the observer.
Alternative I is a reference base reflecting a consolidation of local
planning concepts and is desi gned to meet existing water quality standards
established by Illinois and Indiana. The remaining fouijilternatives
(II thni V)~empl~ r thre~~distinctly different treatment technologies 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 alternatives relative to it. The impacts (effects) identified in
this appendix are based on social and envi ronmental conditions di ffereflt
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than what we know exist in 1973. In other words , with all five alternatives
proj ected to 2020 conditions , the evaluators analyzed the four No Discharge
of Critical Pollutants (NDcP) al ternatives in re fe rence to social and
envi ronmental conditions which would be expected if the alternative
meeting existing efflucnt discharge standa rds was in full operation . This
usage of a proj ected reference base has a ve ry real purpose; the study
area will be very di fferent in 1990 and 202Q than it is in 1973. Rather
than attempt to define what those social-environmental conditions would
he like i f  the re ference system was in existence for 50 years , the evaluato rs
emphasized the di ffe rences in impacts that nm’ he expected if each NDQ~alternative replaced the re fe rence system. These di fferences were mos t
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 alternatives . By analyzing alternatives on this
segmented basis , beneficial attributes we re identified and detrimental
aspects were highli gh ted as redesign considerations , or as unavoidable
negative characteristics . The Chicago District responded to some of the
evaluators redes ign suggestions by developing the land treatment prototype
discussion in the Annex to Appendix B.

Appendi x F provides an estimation of the institutional (i .e.
governmental entities) impacts of the C-SELM alternatives and highlights
what these impacts would mean to present institutional arrangements
for was tewater 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 imp lemented on the
proposed regional base.

Appendix G is a sumary valuation discussing the implication of each
alternative system ranging from resource consumption , need satisfaction ,
social-envi ronmental and institutional impacts , and economic costs .
Because the impacts extend beyond the C-SEII1 study area , the implications
on the outlying area of influence , the two States , the reg ion and the
nation were also discussed. Appendi x G contains the disaggregated effect
assessments .

INFORMATION UPON WHIQ-1 EVALUATIa’ JUIX~’tENTh WERE BASED

Int roduction

Appendix P relies on other appendices for supportive documentation .
Lngineering specifications , ( i . e . ,  those identifying the physical
requirements and outputs of each alternative ) , are of par ticu lar importance
fo r the social-envi ronmental e f fec t  assessments . 

.- - . - ~~~~~~~~--~~~~~~~~~-
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Appendix A pio~ides hac~giou~d data on existing social , environmental
and econ om ic diaracter ist ic~ or  the C-SEJJvI study area. Appendices
B and D contain re l evant in foroati on on each alternative ’s desi gn ,
cost , cons truction anci operation characteristics . These three appendices
have been significant information sources for the preparation of all
other appendices to the summa ry report. The following information
(sun~~ rized here br ief ly)  was provided to the social-environmental
evaluation team members .

Alternative i)escriptions

Alternative I , entitled the reference p lan , is designed to meet
current stream quality standards as identified by the States of Indiana
and Illinois . The five treatment criteria desi gned to meet these
standards are :

IYE~ 
Performance Criteri a

A BOD- 2Omg/ l SS-25mg/ l Illinois Dilut ion Waters>5:l
B BOD- l0mg/ 1 SS-l2mgj l Illinois Dilution Waters)l:l
C BOD-4 mg/l SS- Smg/ l Illinois Dilution Waters~l:lD BOD-4 mg/l SS- 5mg/i Illinois Portion of Chicago ~NH3-N- 2. Smg/ l Calumet River Systems
E BOD-2 Omg/l SS-25mg/l Indian a Flows to Lake Michigan

P-80% Removal

The technologies to achieve these criteria include conventional secondary
treatment of was tewater 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 reg ional plans of the C-SE IN’s area planning agencies .

Alternative II uti l izes 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
33 plant scheme.

For Alternative I I I , the advanced biological treatment technology is
specifi ed to meet the N DCP goal . As depicted in Graphic Alternative III ,
this is a 17 plant system which incorporates the larger secondary facilities
existing in the C-SE LM study area.
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Alternative 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-SEU.1
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 irri gation lands to be leased from local farmers thru the use
of initial and annua l cash payments , and (2) the irri gation system is
desi gned 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-SEJ)4 area.

Tabular Information

In addition to the preceding alternative descriptions the evaluators
were furnished “hard” scientific data. This data was usually presented
in tabular form. Since mos t , 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 infon~ tion 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-SELN
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-land treatment), Rural
Storm Water (description only), and an Impleii1entation Outline (i.e.,
schedule). The eva luators were expected to ievi ew and understand all
of this information prior to performing any alternative analysis.

BASIS OF EVALUATICN

Framework

The social-environmental impact assessments are organized to present
a summary overvi ew of impacts expected with each alternative to the C-SEU.1
reg ion as a whole. Therefore, unfavorable impacts in one segment of the
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reg ion may be counterbalanced by favorable impacts in other segments
of the region . ‘Ihe eva luat ion  team was spec i f i ca l l y requested by the
Chicago Distri c t to evaluate the alternatives on a broad conmiunity-wide
Na~ i- ~ becaus e of the value of a regional pe rspecti ve . The C-SLL’1

c:~ ,c lujcs aot ~ ]v  the arias innimediatelv around Lake lichi 1an but
alsc a ~~~ ~..here reLltrn c nt , or was tewater conveyance facilities are
1~~~:t~~1 , such as ~~~ areas used for spray i r rh ~ation or sludge disposal.

I is provided to graph i c a l ly  dep ict the tw elv e counties adj acent to
the study a rea l~tlith are influenced by the C-SEL ’- 1 a l ternatives.

I t  aas recogni :ed t h a t  one of the maj or factors in the final
dec i s ion - - n k i n g  process w i l l  he the extent to which the area ’ s treatment

s tem w i l l  ) (5  consolidated or reg ionalized. According ly attention was
ocu~ed on ~the svs tern components ari d the causal e f fec ts  associated

with the ~uiiction and the al ternat ive’s degree of reg ionalization .
Imp acts ~-.pec ific to a site and surrounding locality should , of necessity ,
ne evaluated once a was tewater management program is adopted for the
study area . \t that  time an effect  assessment and environmental impact
statement mus t he prepared before any phase of the p lan of improvement
is implemented.

~- i :e  and Comp lexity of C-SEU ’1 Area

The C — SEL~1 area includes 2 ,600 square miles around the southern end
of Lak e ~hich i gan . The C-SFL’1 alternatives exert effects on the twelve
other counties adj acent to the immediate study area (Map 1). App roximately
-

. 1 in .illion people now live in the C-SELM area with a proj ected increase
to 11 mi l l ion  in 2020 . h ence, the most critical aspect of the area ’s
~i:e and complexi ty is the fact that man and his development wil l  change
the area regardless of whether a C-SELN alternative is implemented or not .

Di f f i cu l ty  in ~~ng-Range Forecast of Impacts

-‘in individual has prob lems in trying to envision what social and
environmental conditions wi l l  be like in the year 2020. To avoid the
comp lexi ty of long- range forecasts , the evaluation teams were asked
what effect  each was tewater management sys tem would have on an already
chang ing envi ronment. This automatically precluded a comparison of
alternatives to an undefinable future condition (2020)  and underscored
the importance of subjective ly defining the effects  a t t r ibutable  to each
system component . Thus the use of a refe rence a l t e rna t ive  becomes even
more log ical when a SO-year fo recas t is part of the evaluation .

ihe Impact Process

Appendix F is based on an analysis of the processes by which
a l ternat ive  i~astcwater management systems would af fec t the environment

I;—!
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and l ik~~ ise the quality of l i f e . I t  was concluded that four sets of
parameters inte ract in the i mpact process , th ese are : (1) system
components , thei r phy s i c a l  rc~ ui rements for  construction and operation ,
and their  expected pe r fo rmance ~output  of w a t e r , a i r  and solids of
spe c i f i c  quali t ies) ;  ( 2 j  those measurable or non-measurable  resourct —
5h1 ch comp r i s e  the env i ronmenta l a tt  r ih~ te~ of the area; I 3 )  those iii ~nan
ac t i v i t i e s  or use of resources) wh~ ch mak e up man ’ s social  i e l l  - be i ng ;
and , ~-~) t he  re la t ive  worth of h uman va l ues and cools.  I t  i~os hypothesized
tha t  was t ewater sy stem elements  and c h a r a c t c r i s t i c .~ create changes
~p o si t iv e  or negative ) in envi ronmental conditions and the a v a i l a b i l i t y

resources . These changes then modi fy the eh i ec t iv enes s wi th  which
people conduc t thei r ac t iv i t i e s  and also modi fy the a v a i l a b i l i ty  of
di fferent  activities . Then , the modified ac t iv i t ies  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 meTther of the evaluat i on
team made subjective jud gments as to how each major sys tem component
(e.g.  conveyance, treatment process, distribution of treated eff luent,
sludge management) affected each maj or environmental element (e .g.  water
q~~lity, air quality, soi l quality, aesthetic qualities, etc.)  and
subsequently human activities (e.g.  recreation, industrial production,
transportation, land use, e t c . ) .  The individual j udgments of the various
disciplines representëdThy the evaluators can he compared by this  type
of analysis to the grot~ subjective opinion. :\dvantages and disadvantages
of the analysis wil l  be discussed in the following Exp lanat i on of the
~~thod 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 unde rscore the si gni ficant di ffe rences
in impacts attributable to the C-SELM was tewater management alternatives ,
and (3) wherever the eva luators defi ne an impact they are merely expressing
thei r subjective assessment of an effect .

EXP LANATI CI~ OF ThE METHOD OF ANALYSIS USED IN APPENDIX E

TIlE MA.TRI X METHOD OF ANALYSIS - AX IN~4OVATIVE APPROAO-1

The matr ix  method of social-environmental impact evaluation is
not a totally new concept . The U.S . Geolog ical Survey (US( ’.S) and the
Inst i tute  for Water Resources of the Corps of lin g i neers have been
inves ti gating ma t r i x  methods of analyses for the pas t . or 3 years .
The pr ima ry di fferenc e between the US GS approach and the approach taken
in Appendix F is that analyses in the lat ter  are foc used on separate

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



system components . For examp le , treatment p l an t s  nv he ~naller in sizein one alternative than in another, and therefore create less di sp lacement
of people when they are cons tructed in the same loc at ions . This
identification of impact would p robab ly be conside red i nsi gn if icant if
it had been lumped together wi th  the rest of the syster ~ evaluation . I t
also enables the designer of the was tewater management systen to  verify
that one aspect of one system is considered better ~ocia 1l y and
environmentally than another system. Analyses of social -envi ronniental
considerati~ -is 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-envi ronmental eva luation of was tewater management s stems . The
matrix cannot perfonii effectively as a method of impact assessment
un less 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. (lie 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.

HGI~ 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-SE U’1 alternatives were provided the evaluation
team members one week prior to a scheduled group meeting . Each evaluator
reviewed the information wi th particular attention given to identif y ing
that data requi ring clari fication . Due to both the comp lex ity of the
information and the diversity of academic disciplines represented by
the eva luation team, many questions were b rought out.

2. Group Meeting--Educat ional Interaction. The group meeting was
held for three ha~ ic reasons, (1) to insure tlT~t each evaluator understood
the technical details of the alternatives, (2) to promote group discussions,
and (3) to resolve misconceptions .

I .  13
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The evaluators  were instructed by the Chicago District to not
questLon the validity of the supplied engineering information; a competent
professional engineering f i rm was responsible for that information. The
social-envi ronmental imp lications of the C-SEUI alternatives were the
onl\ concerns of the evaluation panel. Therefore, questions were oriented
t oward understandin 1,~ the alternat i ves better. The Chicago District was
represented at the fleeting to c lar i f -~- the design aspects of the
alte rnatives .

Group disc ussions about va rious alte rnatives promoted the educati on
of each evaluator . Pach 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 alternatives . For example , the environmental
enginee r listened to t h e  sociolog ist’s viewpoints regarding the social
implications of engineering designs. The environmental engineer was
then better qualified to express a subjective opinion on social effects.
Therefo re , 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. Individua l viewpoints
were not lost , since narrative comments we re considered necessary to
support the mat ri x analysis.

3. [)eb riefing Session- -Afte r Analyzing Alternatives. The evaluators
met to disc uss the results of the matrix analysis of alternatives after
the individual n umerical j udgments were averaged by comp uter . Since
these average matri x fi gures were representative of group subjective
op inion , each evaluator was concerned that the analysis was logical and
satisfactory . It was the subjective op inion of the evaluation panel
that the average nume rical estimates of social-environmental effects
were both meaning ful and satisfactory displays of group judgments.
Individua l opinions were not los t , due to the narrative comments portion
of the analysis - which was ext remely imp ortant to each evaluator.

~-k~thod of Consolidatin g Va r ious ~~inions

Si nce the evaluation team is composed of many di fferent disciplines ,
each evaluator usually l ooks at a system di fferently . For example :
a sociolog ist may view the land treatment alternatives extremely benefi cial
overall because they remove a potentially negative impact impetus (i.e. the
treatment plant) from a densely populated urb an envi ronment to a sparsely
populated rural area; an ecolog ist  may view land treatment detrimental
ove rall because of i t s  potential  for disruption to exis t ing  d rai nage
patte rns. The sociolog is t  is asked how si gni ficant is the potential
dis ruption to dra i nage pat terns , and he may indicate that it has very

— I •~
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l i t t le significance and the system is bene ficial 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 large r and more diversi fied social-envi ronmental 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 comp onents 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 eva luator prepared written comments on the specific impacts being
considered. Those comments were particularly significant when an evaluator
indicated in the matrix forma t that an impact was extemely beneficial or
detrimental. (lie advantage of the matrix is that the evaluator is
sometimes able to let a number signify some unxneasurable concern. 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 highli ghted in the matrix fon~~t by larger
positive (+) or negative (-)  numbers , and explained by narrative comment

• (in addition to tabular sumaries in Section 5). To quote from the
Abstract to Julius Kane ’s “Intuition , Policy and Mathematical Simulation”
paper , “It is argued that the main p roblem in strncturing such impacts 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. ”1 The matrix approach used
in Appendix F is based on well standarized psycho-metric scaling procedures.
Psycho-metric scaling is a psychological method to express subjective
data quanti tative ly rather than qualitatively.

LIMITATI(}~S 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

1- 15



are subjective , the impact r a t in c~s are not real value nu’ahers. Th e refore ,
the reade r should not d raw conclusions pertaining to the relative merits
of alternatives or t he i r  components on t h e  matrix score alone . Instead ,lie must delay his conclusion unt i l  he has thoroughly analy:ed the narrative
portion s of Appendix Ii , pa r t i c u l a r ly Sections 1 and 5, and Appendix C.An overv i ew of impacts is prov i ded in section of Appe ndix I ; .  Real
impac t differences between the tunc t io n a l  a l t e r na t i \ ’e  components th at  can
he quan t i f ied  (such as resou rces consumed , o r a i r  pol lutants ) are
discussed in Section 5.

1 - Paper presented at l~~ 3 rn te rnat ional Symposium on tJn certainties in
Hydrolog ic and tVater Resource Systems by Juliu s Kane, Prof. of ~Iath
Ecology, Resource Science Center , University of British co l umh i ; i .
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These evaluations were made by a team of faculty members and staff
drawn from a number of universities located in the C_SEIJVI study area .
While all members of the evaluation team are contributing authors of this
report , a few have undertaken the responsibility for writing specific
chapters of the manuscript. They are :

&lltors: Robert S. Gemmell and Lee C. Strawhun

Section I: Robert S. G~mriell and Kenneth Cypra
Section II: George L. Peterson, Joseph L. Schofer and

Robert S. Gemmell
Section III: Robert S. G~runell
Section IV: Robert S. Gemmell, George L. Peterson and

Joseph L. Schofer
Section V: A. Sami El—Naggar, Carl H. Krekeler, Mark Reshkin

and Lee C. Strawhun
Annex A: John Maiolo and Kenneth Kehrer
Annex B: George L. Peterson

The members of the evaluation team (and contributing authors) , their’
special fields of competence, and universities are as follows:

Kenneth Cypra Water Resources Planning U. of Illinois, Chicago
A. Sami El-Naggar Environmental Engineering Valparaiso U.
Robert S. Gemmell Water Resources Engineering Northwestern U.
Edward R . Heni~axin Environmental Health Engr. Northwestern U.
Kenneth Kehrer Economics Indiana U. Northwest
George A. Kinias Environmental Engineering Valparaiso U.
Carl H. Krekeler Biology Valparaiso U.
John Maiolo Urban Sociology Indiana U. Northwest
George L. Peterson Urban Systems Planning Northwestern U.
Wesley 0. Pipes Aquatic Biology and Chemistry Northwestern U.
Mark Reshkin Geology Indiana U. Northwest
Joseph L. Schofer Urban Systems Engineering Northwestern U.
Lee C. Strawhun Environmental Health Planning Comprehensive Health
Pet er L. Watson Regional Economics Northwestern U.
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to tho se of A1~’’ - o s ~t t v e  I , the ‘i’e f ’uo .’cc’ ’ . - alt oct11’.” . In ‘ul - - ing 0-’
300 ’Oa:Trr; t : ’ , lI: ’ Lr r i’ :i. ’ta juUat.’,l to r oUt 1~ c:’, tF ~ - ~ita I~~~’ s. t o t ~ Or of
A] t e n i a t ive I ‘co t:k:Tti -~1,tr~Il1,’ ‘a t to ,a-oo , ao 2

~ 1’ 1 - 0 1 0 ’ - / n ’- - , r io-I
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II th,r’ou~ ’i V ‘.c - : “  ‘. ‘ ‘i:ti u:it o/ I i - :  t o O t ’  of ’ th’’ -~ ‘ tot a ” ’ s o  :-
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of Alternati’c” I . It ,  nth ’o ’ words , woul d tb ’ ’ .ini ‘ t - : ’ . ’ ’ . - , ’. , :1’ 1 a~” I ’i ’: :.
Alternative I I I  ( for ‘ ‘ xaia le) t o  rnor” ’ 1:iv ott I t o  (~~~~ . :t i v ’ - )  or ’ lesa
favorable (ii . ’a ~ t lye ) tha’. .51 ~:o ::t )v ,’ U U 5 2 7 ’  , a o tto iv ’ ’ -U t ’1’~’o . ’nca
in icTact was ao: ’- ’ ’:::’l. ”.I rather I !  s o ,  to; ab-,a: 55” ’ ‘ !, : j s O”t -  . 1”,’ ‘i / Js; rrbc ar la-
the near ly_ isT :c, ’ , ’ i / - 1,~- _ to— anrwa :’ b eat 1:’ , ‘5- il w i S  ti7 ‘~~‘151’i o ’oion
he like ( i i - the ‘a ‘u ’~’ 19cC ar 4O 2020) if ait.. o:ativa X Ia ads.~ t’ .II” woo
ave f i t ’ / . 111: - I ’  ‘so t , the t l .w ” -:tj on aoL’ ‘U woo , “To to ’ ’ C—DII LM o ’al o’i , 1lke~ y
to to,’ bett er’  ( L ~ l ’ ’01~~’ of’ so’CCaI on —f ‘ - ! . ‘,‘ i r ~ 7’: t all. ‘1 2 . ~~~506: t ,) if alt o::—
tive Y Is Ir~ ’]P2’1’ ’2 t, ’ ’ - 1  o t t h ’. -r t hai ; al~ ’-o ;a t  1 v ’  I ’. ’’

The choi ce - .1’ Ajf. , ’o:srt i vt ’ I ao the o f ’  ‘o n. ’ h o ”  - ( i t t  Iie ~ ’ I l t ~ i i

present c’onct i t i e’i ia , tSr’ cxorr~~) - )  woo :ojd~-’ fr , i’ t i - nt ,‘ a’ l i ; ~~; ~~;‘ ‘‘ ‘n:
to ~ive r~cco~~ : it ion t O  tb ’ prohal -- 10 Sat - a”  - (1ev’ ’ 1s . ’l’1’~ - ! st : ’ I :  - wool ’ -w at ‘‘r’
rr~ na~~ nent in 0;’’ ‘-.‘F,U’l r ’ sO on 1.! al we :,5 o-’:; : I t  with  s~0I 0117 :1 ‘0L~ t

water t . l a r c  :o~ 1St’ the imj co; .

. iha, ’o ;i ” :t 5t’l’t ~~~~ to- f’ ~~ a; ‘~‘n i ix  i ’a’ ..’t’~ b, ’ the o t 1 ; ’.i-
- i : ” I , ’ i i ~ ’ ’U

for Lrr ~ -ac t aoac’s: ’-t’ ~ ’’ , t O’’ - -ot I - - i s  II) tin t i ’ ’ ’ ’ ‘ . 1 0: ’ o’- . ’ r I t i n , ” s’ns : ’’~ : ’- : ’ —
rrcnts of ’ i ,’t -act in ,To’:It’ ’r ’  - 1 ’ ’ t ti i I: iii actos . ‘~~i” 1 1 ’ ’ i ; t  H i ’ ’: I i :  t ’ r ~w at’
a : “ ‘ ~ ‘:1’ :-rC:virv 1rr .riet S :‘~ ‘71- 51m1;:’ , i . ’uo’’i ,’ .’ ‘ ‘:: , ‘l , oonrti ’~.t :5 (Se-S  ¶~~ i l l ) ,
and Wi - in t’’rTrirs -5’ ito ’ 1. a’~’e. 

,‘ictivlti’ ’:’ .‘l f f ” ’ : ’t t o - ;  (CC - ‘1 ion T V ) .  TO’
r~5 ’Drt :‘. -‘70, ’l ’Ad ( ’6: ,  wSt h  an t e’:t, ’ndo’ / ‘J’-1~’- ’1I - 7 ’ ’ : ’,

s ’ ’ j t 1 .  c t ’  I / i t ,  0 1- 1 . ’

( & ‘ S  Ion V) ; c’e1’ll’i’’J ::‘c’t -:’ ~caJ,1,v in ~h’ : i’’v5 o~:’- :‘i ’cA Trio . 1,”’
annexes 1.. — t b’’ , ‘;‘ i ‘“ t O”  ‘.11 ’ ‘c : lobe Si o’’ (So : x A) ./‘ ‘aciSi - , ‘ : ‘ l 1 ; ~~

~~‘tn- ’ - I  uo’~ i to  l .rnr , , ’ I : ± l ,o t b ’  ; ‘t ’irni ’~; i r ~~-.iat ,‘. 2 1  ‘ : , c ; n:, i s s ~~:’ t ’l a ;
/ ( Arc ~ ‘x B) . t o - - i  ‘I tea and tiflflTVO ’’6: t b’ II ‘a ‘r’a ¶ 1 :-,’ ~~ vi  -wi ~h A : ’

rh.ar—’i.~t ’’ r ’ o : r ,  0: ‘ - - 1 ’ 1 i s  - ‘ t i c :  o ’- n ’  o. . ’ of ‘ h’ LcUvl t-, :±l ‘‘ ‘ ‘nht ’ ’11’
:5  t / ~~~’’ v~~/ : .r. ’i t  I 1



To sczrunarizing the major ii~~’r cta for each of the alternat ives , a
lair:; ~t °S.i~ s was made to t)rol~~de ove~~~ew rather thai depth , and

o treat each alt:’ -oait i ve aa as; ent i ty  I r i s ;  I”~r’ as that wa’s r -sonaible.
1 , lat o’ ““,‘t i a; :; of this repoi~~, t 1c; ~~ acts a”~s’ p~ ’~ n ’rit~’d and dis—

1± ;  o.’o’o of’ a set of six f5-.~t I o.a’1 cor~ s0-nc ’0tn of which the
:Ut.-o,-’;t i ve;’ -‘a”’ coi:noocl. The six S~ ;ctS-:.;51 cortr C,r ;’ ’t :~ ar~’ described
Irs .

‘ ‘ ‘1 - 1:11 5 II. ‘11. i s ‘r ~sr si -~s : :1c! : ~ “ -a s S t t o d  a nci~: :/c’tU Ii’S development oftj , ” ;~apact ass ss Cssments and a closer -I U t ’ r i t i  fL ca t icr : —o f’ the con~onents
U ,;t t I s ’ . impacts.

In tftfc; sunmory, the L’s~ Octo juJc’o - J t-o result from the implemen—
tat - ic .rs of each wastewater rrnsia~er:io ’nt alternat ive are discussed in
toots’ of three major factors : Env-ironrnental Quality, Social Well—
Being, and Economic L~veloprrent . Several sub—topics are entod.ied within
tht ’~ t ’ factoes as follows:

A. Env~ ror smentaI ,ssaflty

1. Health, diversity and productivity of
plants and anira~ls

2. Preservation or enhancement of land and
water resources

111. Social Well—B eing

1. Hygienic characterist ics
2. Aesthetic characteristics
I. Social characteristics

, 1~~ Economic f 1~velopment (regional base)

All impact evaluat Ions were made on the basis of the ag~~’e~~te
Pa-act (in the part icu lar dimensions being considered) to the C~SEL1vl
region ‘to a whole . As a consequence , a localized unfavorable
( s ” o , ’it lye ) fsnosst. in one an’a of the tm-U or ; m!~ tit be counterbalanced
t v  st t ’aVI sI ’ .’1,j .’ fe (posit Ive ) lr:~ ’~ ct- in airot -h i area of the region . The
o U t  coul d I ’ ’  a r i ’ r t r ’ a ’l m u — oc t  for the o’~~ior : as a whole .

fI r ’ evaluation p u.r’t ’. -: s ’ es , the C—s tl ’lI f’ l r\ ’gi on was defined to include
at o : c y  t h e - a :n~”:±o ,‘srr ;o ;l Lake 51Ichi~~n comprising the basic region,

1- u t  5± 16: 0 any ar”’st:; outsi . t . ’ th. ‘ baU c region wi era treatment facilit i t ’ a
i S ;  ‘.. .‘li it  ‘:5 , 01’ - 5 ~r ;/ ;ri t s were b e n t . U (ouch a: the land areas used for
sr ’ s . ” ’ -w ;i t - ‘ ‘i- H ” - - ’  ;s ~ ‘; ,l , -a i sj d ~:’~’ ~t i a ~’ooa1 , ‘ t o ’ .).

i a ’ ’ s ; , ’- , :i r i  I l ’ ; ’  ‘ ‘st eEr .f’ tI:’’ fL vt ’ .‘—S!’IIM ajt s ’rr ;atj vr:: i o  d iv i d e d  into
:s ’~’veral to~’I ‘: : A P 4 ’ : s s c r ’ l ; - t j o ; r rro v-I ,leo a conel . ae i .k’ntificat ion of the
3.11 ‘ ~“ :-tit ly e  l i t  ;a. ’ ’t i  ~~~ - ‘so51DLi ’~:r_,s ~5-S±,... ‘ul - t . ’ ’rnp t :5 to  /sr ’ I ’ ’fly
0 01 10;  ‘ . ‘v( ’r’s U 1 l : ’ : s s ’t ‘ ‘ ‘ i t ’  st 1’ -o :;‘ I - in ~~i’ ’aI I an I , - - ‘ 

-
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‘.‘Jaotewa t .’r ’ management Al i ,er’native I is eomor’i.s’ of tS.
treatment plants of ’ substantially e’c,-r ivent ior ;aI us .’01 1”s , .  ‘TI e  ;:l ’f’it reo,
from these plants will meet current water quality standard s for h i L ”,uI~
and Indiana . At some plants , conventional secondary biological tr ’re-~t—
merit Is aug’nented by filtration of part or all of the effluent to’ ;rieet
requirement s for suspended solids discharge. Eiobo5leal nitr)f’i-;otior,
for ammonia reduction Is used at those plants discharging to tb :e  Chicago
and Calumet River system , and phosphorous removal Is employed for’
those plant s whose effluent reaches Lake Michigan . The only atorm
water treated in this alternative includes the combLr1ed aevc’r”,J arc -a,:
of the Chicago Metropolitan area (following the Chicago tunnel b ar ’)
together ;‘rith the cities of Gary and Han’i’nond . As such , it cff ’t ’ s
some improvement in the management of storm water’ quality over csc ’s’o’nt
practice. Sludge management is accomplished by a combination of
land reclamation and agricultural utilization , with the latter l 1 ”~’—dominating .

This alternative represents a substantial consolidation of
existing treatment facilities (a reduction from about 135 ~ L ti.l~t~S above
lIVflD now in existence to 6L1 plants proposed for the alternative).
Most of the plant s to be eliminated are very small. The alternati’:e
represents an estimate c ’S the trend for wastewater management is~ 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 j udged to’- ;‘csuTt ñ ’ass t ’iito
Implementation of Alternatives II through V were acut e L’s ~~~~~ of’ the
impacts of these alternatives relative to those s’c;t i .~’i pat s ’U f’t’ots s
Alternative I.

As a coriaequence of the ev’iiu s-it ion sts’s-ite~~; era~ i- ~ :c’~i , ira 1.5 :.)
a;’: ’’ ‘:sa m ‘n t. won’, made of the irsnacts S; be exr.i’o’tcra Si n;’: th i ‘ iar: ’ier ’s ’ -s
tatl.on of s’,l t-er”nr it ive ‘I .  S-~ncc’ sO’ the evaluators ’ ‘,‘ I t o’,’:tU it t o” I- ,”

s ; ’ ’ of t n i t ’  ht .’sst “ from sw overall sstan.1t’cint of Trio,,’’ whi ~c’ s’cw \’
r’e~a,rd es 1 It - ass srrnor r~ t h e  o n ’a t - .  2 ;  the f’ei1.:w’ 2~g O t ’ O t  1 n , , an O t t  o ’tO
I: rsrsi t” I , - - s’ r ” - ’r i ’ . t ’ - ‘ i t - - i t  1 / , ;’ i ; ’ s ; -aot : ’- tj c i t  wo’-u l - t  1 : ’  “ \ i ; ’ t ” i  t - y H—

i’ ’1t’ ’1,t : t fo r : - ‘1 ’ A l1 . ’ ’;’; r s : ’ Iv’ ’ 1 oo ‘ - ° r ’;; ; j ; ’ ’ ’f  ‘ ‘ I t t  
~~~~~

‘ ‘ ‘ ‘ ‘‘ ‘ :‘ ~~~~~~~~~ I
- ‘;‘:‘U ’ ’ ; ’ s ’ :s ;  s , ’’ ’no - ; , l s ;n l t i i r  ;‘~m i1: / I t i -c; :ss ;s’ s ‘ ‘ ‘ ‘ 1 , ’ ‘s’
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A , ’l I o ”,i :~ 7, ’-,’ 1 s ~~ ,:i,b 1~ Pa -act  c-: , h ’ , : ’ f - ”  - ‘ , u : r t a i t i ’ ’ , ’ I ’ ’-
; - - ‘- 1t~- ’ j  a’ -a ‘‘ - ,“ t of’ P~ r’c’vli 1” s’-ur”f’r,e’: we’ - a:rs±i )sO’ srr:cE s ’ ; , n , —
So’ su. ’r:e ’,’ - f’ c- - ’r’i-In ’.’d 6:o’w’’l’ over’f’bc-a.’ . i -  n ’ ; , ’’. i -on , Of ’ ’ o ’ ,’ : r - : , ’
1 - .~ lr1 t o frrs’s iSo- to Hr will i nsure ‘so,, ’’ o:- ’ ’o1,o; , of ;‘uo- ’::’:t - --s ,: ’S’ ,”-

an -i a’o - cs i qu’.’ au ; ’i  r’ar~ - os ‘ - - S o  sc ’ .; 1 hP,4’, -a’ s ’ s. . s ”
~‘i a cep-t’.ibl’-’ ti’ di ::r’s r; tion . liSa I ts  ‘ ‘st%-S 1Ti ar’S I:’ non , :i~~’ ’ i ’ ’
s ’a’ - ’c-r’abl ’ . The ov’ ’r ’-ai l impact d r  s- ~’co~-’:t”rs; :ta’s;os ,-:i 11 1- ’ i - ut r’ sS Ico
very slightly positive since the ira act ‘f’ continued r :utri”nt i i ’ —
charges to surface streams ( expected wi th  exl: s-t isig :tso’ - E s .in ” o’ ) is E l f ’ —
f i c ’ r ,lt to assess.

Pre servatmun or Enhancement of Land, Air arid W at ’- r ’ ho. ’ac ;rr ’-” , ’-.

Surface water q uality is jud ged to impro ve ri n--Jerato- Tv U” :a’a. ’
of the increased efficiency and reliability of wa ’st0 ’wat ,eS ’ t5 ’e~j t s ’~ -n.t
(due to the elimination of the very small r’acl~:ag.- i  t reat o ’n it  pla t o ) .
The treatment of’ storm water in the corrbined a”i’ccred au~ -a. ’ wi ll ‘ 0 - 1 : —

tribute strongly to this Improvement . F , f fc c t ,a on ssonu ’f a e ’-’ wa t , ,r : rar ,’, i t ; - ; ,
however , are likely to be un favorable due in part to the eiir’r ri: at i c’::
of the small treatment plants located on smal l sto” ara’ . In Lss~’: of’
drought , the effluent from these plants often provides th. ’ only :Pow
In the stream. Consolidation of treatment plants siloc’ l~.’aiio to -

cessively high flows (in excess of estimated channel capacity ) in
some streams at the point of discharge of treated wastewater li- ito
those streams , again a negative impact because of floodin o cr ies : ’
such discharges are prevented.

Groundwater quality and quant i ty  are riot I i ;- : ’-iy to  iso ’ affected U - ,’
the  implementation of Alternat ive I .  Mr  -iualslt ’ ;  ,ch’ioulJ ir1’rev’—
slight ly with the relocation of most o i ’rd ~~’ treatment to land o’ - ’ l a—
mat ion or agricult ural areas, but the impact chan gr is no r ’’  one (~ i re-
location than of ahs c ’Tirte reduction . Ti re oat- i rq a~st on r :i n i’c r’ul p ’:scsco’—
s’t ’S ‘-heid i U ’’ neutral (no change ) as a r ’ ‘s uit 01 ‘ ‘ri- ni l (‘Or’i~ t ’± i: ’si t l : ’
( rm,:- re “ f f f o’ f , :.r :t use osf construction rasi t ”r ’i :5 in car d vu-ct I .  u : of r ’ -~ t —

:sent plant s as compare d with the additional 0 ’ : ” . ’ r i ’”  - : ~ (‘On , ’ , ia ’ s i I r :
constructing pipelines) .

A slight ly fa vombi ’ impact or: S O I l  r~~i 1 i t , ’ I:  :c ’ . t  i . ’ I r - -s - tt ‘ - 1  ‘ a
result: from the ~~‘- ‘,ater ’ u t i l izat ion of ’ s i  olni - o : gr ’i oH I 

~~~ ‘ sin 5 s c ’ t
r” -’el-anation .

‘C” ’ ’ AL ,‘JI ’II ,l.

11 ’ ‘ s i l t  h , , ‘ s  f’ ‘~ ,v ari d v’ - n ,  - no I I , ‘:, ‘si ‘ ‘ r i . ’ - ‘or. . r I I ~:‘- 5 ‘‘‘ -xi S ’ ; (5;

:~ v’’ , ‘ - r’~ - -,5 .;~ ‘
~~, 

‘ ‘
~~~~~~~- ‘ ~ i: ’ - - n ’ ’ ’: ic’ - ‘ - 5  ,‘ - “ c : ’ :  1 2 : s ’ ’~” ’ sIi ‘ni  , - ‘ ‘ ‘ s  ‘

~
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s”., ’r :t aJ, n ’s t l ! t;  r r ~’vi ouslt ’ ,Ei :-srice’ ,. ,:. lie’ r’sa,i c-r ’ ss ’r sI r iI - ss s nra’  f’as’t er’
is the ir’~. ’oc venmc’r t in sur5;’au ‘ e’~tsec’ or ual t,v

Aesthetic

Ti c’ only change in aesthetic character’istics that car , be ant ic i-
pated by the implementation of Alternative I is the improvement in
surface water quality resulting from Increased efficiency and r’:-lia—
bil i ty of treatment plants and the effect of storm water treatment in
the combined sewered areas . This i mpr ’ov~’ra ’;r t is: partly ofI ’s~’t by ti1”
p robable drying up of smal l streams in drought times when the small
treatment plants dischargin;g to those streams are eliminated . A
flowing stream with fair—to—poor quality water is generally pro ft’rr~-’daesthetically to a dry stream bed.

Sensory quality of the environnrent should improve moderately
with the improvement in stream water quality and the relocation of
slud~~ disposal to agricultural or land reclamation areas . Tl1c’ use
of s1ud~~ for land reclamation purposes produce especially favorable
Impacts on aesthetics. However , the amount of land reclaimed via
Alternative I is not considered sigeificant .

Social Characteristics

The social characteristics of the C—SELM region are not expected
‘ I to be appreciably affected by the implement ation of Alternative I .

Residential activity and recreation may be slightly enhanced tcecauo ’
c- f’ the modest impro vement s in surface water quality and sensory qual i ty
of the envi ronment , hut this may be offset by the slightly negat ive
impact s resulting from increases in irrrr’iigration and population density
afforded by the implementation of a regional wastewater management
system(I. c’ . construction of housing developments and related facilit lea
would become more feasible).

E CONOIVtE C 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 tha t
larger trea tment p lants occupy more space , which is usually within
con,nercia l-industrial areas . Agricultural land use should be enhanced
(a favorable ij npact) as a result of the sludge disposal techniques. The
overall impact on energy is jud ged to be neutral , sinc e the electr ica l
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 i ndustrial production , private service , cmplo>~ ent
and income are not judged to he affected hy the in’ip l cmcntation of
Alternative I .

Ii - 1 - 5
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so — - I s i . s t S ’  - is  should be ‘:-niianced c.I i~d;t ly U , ’ t i r ~’ aj’p i l out i. Or :
of sludge to ar~’icultural land. i’s .Thiic ‘service w i l l  also iso- iricrea,snd
(a positive irsrpac t ) by the .‘xiatence of a regional wa - ’,tuwat~ ’r’ manage—

s ent syas  -n s , .  Usr i  ~c finan ce , overal l , should not be affected ,‘s i,ncc’ the
coa t of t i i c ’ r~’sc ! so.si I :ni: tu:s: is not ik t ~l1~ to exsn ‘c’S (and may wall be
leo,; than ) t - i  ,. ‘ - .c cat of . ‘o r t .L; i s .,- ’~i ‘r’ivate I vt ‘ot.sa -’; :t in n~~ erous small
,‘sa’St ’unit or “sar rag -ra-n t  f’aci I Lii

i t - ; i : ;t r ’ n” ion :s- ’r’v i  c~.’s w o u l d  U ‘n rc-fit aligirtly, if at all , from the
iso 1c ’r a-n t ’ r ’ I ‘i s  of’ - i - . ‘so sc 1- !V i ’ I, ag’uir, because of ton compensating

‘ - t ’ f ” - -ot : of ’ ncd ’l i ’  .investn’ es :s., in cos ,oLr ’uct l ;- n i of ,‘,:~ stawator ’ treatment
a os~; s - La r st  ing s’r ’ivate inr v e , s . t ; s ’ar t

Tii’AC~Ss ’ I5Of~t!i TO THE !IDGP ALTERNATIVES

:ionr fun - st  lena] components for wastewater management are corrmsn
t o Alternative TI through V, the “No Discharge of Critical Pollutants”
(NDCP ) alt’crrsat-.i v’cs. As a consequence , the impacts of these components
are also -:‘ororcsr , to all ‘IDCP alternatives as well. Before presenting
the urrçact ::s of each alternative in turn , the most noteworthy of the
Impacts convnon to the i,’l CP alternatives will be discussed. These
ir’sr ’actss w i l l  also be Included , hut not discussed further , in the
as rrsnnrclrl ; — :5 i s ss r - a c t s  fbi ’ each alternative.

PSTABLE l’,’ ATEH SUPPLY

Tb” basic premise for all of the alternat ’tv. ’o was that fut ure
notable ;‘.~‘i ter a’o~-r-ly needs ‘,‘ould he ; s s ’ ’t. l’v continued withdrawals from
LaI e Michigan and from th e  aval lat-le ~~~ und water ’ resources . This
would require , after about 1990 , that t ire Illinois requirements for
Lake Mi chigan water exceed the currently authorized 2068 million ~~llons
(e .g .  3200 cfs ) nor ’ ~°I~’ di veri’ i . o :s. By t Ic ’ year 2020 , a]rrostl36o r r J i l i o n
~-ai1or ’s a da,v 01 ’ Lake ib i s  l oui s water beyon d the authorized amount would
H’ ni i ’adt ’d .  An opt-ion r c a  nrc - c l -- i . ’- I for’ t .l 1’ ’ NDCP alternatives (II
H s r ~’s; rg~r V) to ‘cigu~sr’ I n s  a li ;s : it ”d y~’.. oss ’ of treated stormwater arid re—

In ! . 1 ;  a! ui - s - i  ! n s d s r , — t r ’i,al :‘:ast 4 ’wuar - r ’ , so as to maintain th e
oil v - nc --i on f’rorsi Lake NJ .1  i~i ~ -ur at - . its author-i zed level. ‘1 r. ’ sc-to w. - ;  S

ir ~- -s ~-”r , : ’- , iu d ~ ’s.1 to result from t i r e  practice of roust follow .

Pr -sc i n  ‘or ira - n iSa], ,u ali ty

lls ~ only ‘- i1.: nc ’.ciable i ; s ~ :i c’t on i ’ ’ :d t , I , !‘i v t ’ ;c’ - i s  v and i’ r ’o.i si. ’t ivi t
- i f ’ Plrnr ’t a ‘in n Arsi;’rsu±o 5~’a’’ ii sligh t . r~ ’ i r if er ’c t ’; a ’; :t as ’ I s  c ’ ’ s : ’-t ’ .’t ‘re at sit sc~

(U’,’ i n i o ’ n i ’ i n r g  Lunle s l I t t ’ r ’ s n t i - n s  f’;’ .; - ‘ - : ‘sio t cog ( ‘Oi i ’ i S t  ions). l I en ’ ’  l ’t ’o ’ t lye
‘ c-n ‘ ‘ ‘ f  s ic ’ ’r o ’ t o  ‘o s P n’ e ”o -ra” it Is ~; :  - i n ’  ‘iil ,’ u s , s , - ; s en i t  of a o l , A i r ’  su i d
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Social Well

Hyg ien ic character istics of the region were j udged 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 jud ged to be diminished
somewhat for the same reasons. Social characteristics were jud ged not
to be affected noticeably, however , an effective public education program
will be necessary before recycled water will be acceptable for potable
supp ly.

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 tems of economic development .

STORM WATER !‘iN-HGPL~~]T AND FFFIJIEIIF ’ I

Alternatives II through V all provide for the collection, storage
and treatment of large quantities of storm water runoff from all ‘ sit ar
suburban and rural areas . The rural storm water man agement syat’- -’rs.
consists of local collection and stora~ ” of runoff in : small ponds
widely distributed throu~ ’rout the region , and treatment by a a-pray —
irrigation technique on land adjacent to the ponds . Underdrains or ’
wells collect the treat”S storm water so that it can be reuse-i fo r ’
l otable a- sr pt ’ly or redistribution to local stre arr~~.

Urban and suburb an a~ c-rn water management also ut i  lizes :‘tnri~ e
facilit ies  bat relic :’- on the treatment plant system peculiar to each
alternative for treatment of storm runoff.

The fact  that vast quantities of storm water runoff are collected
and treated ro-i’rth”a that the treated storm and wastewaters he
rodi:’- ’ i’l l s i t .~ h to tO e st’rc ’s -&rrr throughout the area . “Lile the quant i tico
di stributed to each otso’ao. and location are not identical for all
alternati ves , t~h i ~ ran g’: of variation is limited and t Ic ’ - vari ation
was c-nt . , i~~li-

. - - .1 1 - -- r-rcsol ;rc ’ - - ,si ~~ l fi cantly —ii fferent i ;~ ’art :‘ s c r u t u n~ to
any alt”nrat iv” as a n ’ ’ , ’ - ,lt of the var ia t i ons .  As a ,‘s”s s ” n ’ s . i  rul e ,
however , the l aro- n t b i t ’  nr r:U”r of t r ~’sr t: rsi ’n:t. sItes , t i r e  s’~ - s o ’  : n]  1’s- nc-sl y
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agc- ic~,l .1 ~~ a, s r i  is i s r I r s 0
n o-tat le raa t~s - n ’ a -am - n  ly s ’ s ’ ts,o’ C— i ’~.~~ 5 ” - --:S’ I s~ ; - . i ’ t’ v:t-h - -: ’ ,: I:: ’ , an :
:~i~ ‘Si-:i.Igsis s ass a r - s s ’  s--ic sousa’ )~‘ ‘alt. ’n ’ n s ’ t ’ s ’ .” l ’ ’  the s c-as’:’ or’ ‘as’ - “t ’ ‘s
was-tewat.’n ’ s’os’ a a iass:i s ’ .i-c ar,t rort ion on’ a-c-t able soc -c-Il’,’ needs.

‘VCLV’H~~ OF I!IFACTf’

Of all ted alternatives (is’cluding the reference) ‘this alternative
will produce the largest number of negat ive impacts, in ternis of
envir’-anmc’nts- nl d ir ssencsicsr ss c-nd hscsssa,n acti’;sities. As a icc -ri t , thi s.
alternative was rated least :ir ’ahle of all .

RO~ V~ N~ AL QUALI~ f

Health, Piversity and Productivity -a ’s ’ Plants and Ascic--c l m

The overall impact on biotic corrmunities is j udged 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 fact - so ’ :’ .
Aquatic corrmunities in C—SFJJ’i streams would be somewhat enhanc ed ‘°:~

‘

the inscr’-rovers:entm 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 ti’r’s’ntment
procer-a ss may contribute to this assessmenst- as well.

Preservation of l;ini, Air and Water Resources

The common element s of storm water nssa na.gessio’nt , ! iDCF .‘l ’l ’I , ss ’n L
:‘s a,nd ar ’d r- and effluent .iists’ i bnn t io r , - :sors:t-in ’sc to produce c-c-aCtive
impacts on surface water siussslity and quantity and , to a lesser ‘sxt ”n: t - ,
on ground water quality and quantity . No Ic-san -c- of , I: r-er’ceiv”d on
coi l  auc-lity , aside from the ef fec t  of PC siudoc (similar to 11 Iss - ) ,
but strong negative Inc-pacts are record ed for - .ia’ qual 15 y ‘intl rsi .I r s . - s ’ -si l
resources. Both of these are s’r ’si nsains-mt ly - s e a t e d  w i th  tOt ’ 11’
treatment process. Most air pollution orig inates in line recalcinat ion
by incineration , which releases vast quantities of nitrogen oxides and
sulfur oxides as well as particulates. The negative im pact on mineral
resources arises from the consumption of clinoptilolite and other minerals
used in the treatment process (see Table Ii -V~3).
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Social Characterist ics

Moderate negative impacts on residential land use (s ince the land
would be restricted to agricultural use) and on access resulting from
the reservation of large tracts of land for wastewater trea~~ent andagriculture are offset by the strongly positive impacts on recreation
and open space attributable to the alternative . When sludge management
by land reclamation is employed , small positive impacts accrue to the
social characteristics of residential activity, ininigration , cultural-
educationa l activity, and comnunity social and political structure .
These impacts result largely from the recognition of potential benefits
tha t are antici pated for the use of the reclaimed land area. When slud ge
management is by agricultural utilization , however , the positive impacts
on social characteristics disappear and the alternative is basicall y
neutral relative to Alternative I.

‘r”r -” 1’-; ’-’ ‘:s~, ‘nr ’s-” u” ,., , ,, . .., , ‘
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Social Characteristic:

The overall impact of a1t’s-s’s~.a tsIvc ‘a’ on social characteristics is
positive : moderately so when sludge is atilized Sos’ land n ’cclsa - sni t l . - s , .
The impacts on residential land use are slis~ic-t, an’s-si mixed ( niositi ’,’c- s’:i t I ,
land reclamation , negative wi th  agr icultural ut i l izat ion of ,s] i- t i” .- ’) .
Access (to transportat ion , comurnication , public utilities , etc.) is
moderately impeded because of construction act~vitles and the sr ’..c- .sa ’
requirements for treatment facilities. All other aspects of’ social alias’s—
acteristi-c s. ( r’ccsr”.:sit .i . on and open space , residential sc-cti’-,’it.~-.’, is’~so1 , ’ss’s~—tion , arid cultural—oducational activities) are moderately to a-t s r-nc-cc - :
enl”ianced as a result of the positive impacts on environmental .!c-.alit ::
and social well H-circa described previously .
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DISCRI MINATiNG FEM1JRES OF ‘11111 NDCP AL1’IIRNA’rIvl!s

Certain aspects of the NJJCP alternatives were of significan t value to
the evaluation , since they displayed obvious differences between alterna-
tives . The major differences in the impacts judged to result from the un-
p lementation of each of the MJCP alternative s (II through V) relate strong ly
to fou r featu res or cha racteris t ics  of the alternatives : ni,nnber of
“treatment p lan ts” (extent of decentralization as opposed to regional uza-
tion fo r economies of scale) ; type of trea ’~iient process employed ; method
fo r sludge management ; and power generation at the land trea~~ent sites .
In the following paragraphs , the effect of each factor is discussed in
terms of the manner in which it influences the overall impac ts of the
alte rnatives .

NU~~ER OF “TRLATh~~I\T PLANTS”
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impact assessment s of each evaluator were used to s’s,ii ,s :.c-lsic-c- ovepali 1,m—
pact scores peculiar to that individual . The sc -- sn ’e: and rankings cal-
culated in this way were analytically combined ‘sc -reveal that the i .~evaluators could be consolidated into seven independent ‘;iewaolnc-ts sat ’
impact . When these seven viewpoints were ;s, iven en-c-al c-’. ’5’}atir,g, th€~
average of the impact scores from the seven viewpoints provides c-rn
“unbiased ” evaluation of the overall ic-c-c-act in that all vi,s-r ’,’nc- ’s:- i.’atc-; are
represented equally . Chese results are discussed ncr -sc- fully in ,c-c-anex B
of this report .

Following this approach to impact ranking, thc best three a’arisa-t ]Issna a
in Alternatives were from type III , TV and V in that order . The worst
alternative c-as type II , the PC alternative.

Alternative III , in its variations, produced the best average ranking,.
Alternatives IV and V, in their variations , were virtually tied for
second place in the average ranking . Alternative I was in fourth place,
while Alternative II was in f i f th  ( last ) place.

Again , , sludge management by land s ec-ic-anti-or~ was preferred to a~ ”i—
cult ural -c-t ill.zation; reuse was preferred for potable water supply ; and

F power generation at the land disposal sites was preferred , where possi-
ble, to power generation elsewhere in the C~SETJVl region.

~M1’. Strawhun did not par ticipa te in the numerical evaluation . He did
participate in the group discussions as well as offering narrative coninents.



.
5 ‘s’~~~~~~~~~~~’-~~~~~-~~~~--~~~~~~~ ’-

~~~~~~~~~~~~~~~ ~~~~~~~(u fl n ’ . ’  ‘.o’i ) C ‘ . ‘ ‘ ‘ ‘ ‘ ‘ ‘ . ‘ ‘ . . ‘~~~~ ‘ • I ~~~ • • ’
-~ ‘~ —, fi’.. .~c- c-c- -.rc U”. .* ‘c — ,“-, r’. .-, ~~‘ ~ v— ~C ~?

.‘~.s’. ’~ nc-c-c i’- c- c-a ’ , .-“ “ - ‘ 
, — —

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ C ’ s~~~
ASi ,ja u ’~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ r, ,c~~~~~~~~ ’ ’~’ ”r

— .S_! .s_ tc - s _~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘— ‘ ‘-‘

,
~ . ,~

,, ,~ n . ., , ~, — ‘0 ~~ ~~ ~ 
,
~~ “4 ~~ ~~ ~

., ~~~ C’.

‘ C ) ’ : f l U C ) c ’.i (’.C — ’ fl’J ‘ . - c - ’i r ’i ~~~~ ,.~p”s ._’4 .’* ,_*
___________ 1 ’ ‘ I I s _I I I n_ s

S, si 5 IL ~~ 105 . ‘c- r ,J ’: I - r ’  c~ -i ‘0 ~t ‘C C’- ‘ C’) U”. C r ,  C U’: r’4 ~~ “ 0
.10 “ ~~- 

~~‘, ~~~~ 
.,~~~ .

— — to ‘ ‘ ‘ ,~_ _ _ _1. L_ L c- . J ‘__ c~, ’ _.~~~’ .,. ! _ . ’ ,., c-ss

~~sn’r’)uIe’1 
— ‘

. —~~
‘ ‘,~ p”: — 

- ‘-i nfl -o ‘) C- C ,  C , 5 e- nfl ~ 
0

1r T ~~u~”I”)cn uJ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — C C C  ,,‘O Q ”
-— o n :

S~~10 t ’ , n n n s . c I, - , ) n ‘- - . . --‘ 
‘

- C  -4)’ c~’I ”  ‘ , - . 0 )~~~~~f l ) ’) Lr) ci. -~~ C . — 4’)
IT

~~01 ij “ c -  •
~~~~~~ C• ° 0 C~C~C0c- •

~~~~~~~~~~~~~~~~~~~
‘
~~~~C~~C; C; 

C) ~

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

- ‘Ct~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

‘

) C ~~~~~Q~~~~~C Q 0 io I I I I I I O n .)
n P ~~’f” 

‘ n~~~~~~~~~~~~
” - ‘

~~~~~~~~~ 

‘

~~~ 1~~~
”

~ ~~~
~ •~ff l ~ç~5) ~O t ~~C ’ ~~~~~’ ’ - n”-I c r’4 f l V~~~~ ’4 4 ” :  ‘ O c

c , o o o c ’ : c - - C O O  ~sC —’ — > 0 - C O
- - 

H 

‘
~~~~

‘
~~~

‘
~~ 

I 
~~~~~~~~~~~~~ ~~~~~~~~~ 

‘
~~
‘
~~~~~

‘
~~~~ ~~~~~~~a-~~ C’., , ‘-, I’) U) nfl 3’. U CC ‘C 1 ’ I ’  ~C ‘I ~ ‘4 ~“4 ‘-‘ ~~~~ ~ ~ 

ç’, 4J

- T~ 1auu ~
-- ~~~ 

~~~~~~~~ I’
_____ - — 

‘c-i 0.0
I—I I,

0Sfl ’~~)ti1 . 
~“s ~~~ c’,.j (“4 ~‘) 4’) “ “‘4 ,“4 “ I’~ ‘~~‘ ‘~~ ) CC If) U’) “4 SC 0

‘~ 0) c ’ .I I  S.1~ V IC, C) C) C) C) U C) C C, .~~,c -- C C) D C) C) 0 o C’ C’S c-S
I I +‘ ‘J. O

I—c —
Cr C) (‘.0

n-Cl L n.j 1) ‘0 If) ‘C (“C I”) — — ) L/) ‘C U’) I’) C) C” C’) -~ U’) 1/) ~~‘ “ I CC
‘ ‘

. 5 S U _S C~~~, . . .S~~~~~ -, : 0S
—______ . L 1  ..— ,—— ‘ .

~~~- ‘ -~- - -

* 

— “
~~ ‘4T’~~~~ cfl C- ‘~) ‘- C’ !‘ ‘.0 (“C ~ .“ 4-. C) 5) CC ‘—‘ I”: ‘0 nfl N’ I’S C’ C)

n.J it 5 15 fl~) A ,I0n5U 0~ ‘ 0 C )~~~~~~~~~~~’) ,_”4 ,-’4 ~~(“3 NI I”) ,,‘:- ,“4 C C ‘~~ C’4 C C ( - i  ,)OOQ
cC, ~~~—,, -~~~--_ ._____ ——--—-‘ ~~~~~~~~~ ‘ 

_____- C) 0 ,-‘

~ X~ ipn n~j  
~~~~~ ~~-, .~~~~‘0’~’05 

‘~ CD, ’~~ N~ fl~~~’5 ‘ C C n f ~~~ ~~~~~~
C * — ~ -4~~~~~~ ‘I N ’—’ .—C ‘I ,—, -4~~~ —* e’ ) .-—4 ,—~ , , — ~ ,-—, ,—, 0 ,_fl

— — - - ‘4’, ‘s C
I—. X i ‘t )  l ’ ) O L’ ) I”i .—I CC ~C C / ’ ) N ’ ’~ 3’) ’C CC U’) ‘4 0) 0.- N ’  ‘)Q, -’ cr) 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
“
~

‘
~o

‘-~ 
I.. ‘4. c/c

X i  )‘~ 
00- .”4

C) ‘0 ‘—* N ’ —‘I N- ) ‘0 .‘I N’ ‘I I- -I CC ‘- 4”) n/) .—‘ ) ‘*1’ ‘~0 C”l .0 $~-.

o .1 1 C ~5 0 J ~~fl5~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~-~~ — -— ——~~~~~~~_. , L._ .______ 
~~~~—. — — -— - —  ~ ‘C o

Xs~~j isnö 
~*? Ifl ”)’ U’) -.’I r’ i CN. *-’ (”I , O’ ~~~Ii’) D F ’ -.C ’ .I t’) 4 V C C C C )  c - C )

101TC~ “I’) ’ ~~~~~ * ‘~ c- 4”i (“1 3”) 4”) I”) 4” ‘) 4’) 3’) 4’) 1 3’) (“1 (‘.4 1) 3’) 3’) c”: 4’) ~~ (“.3 (“4 “4 4’C

,~ .‘~‘d ’. uid a- 3’) C’. C) C/C ~i’ C, C’ CC C”) C) - “C’ ‘0 (“4 C ‘0 0’. Li’) ‘4 C’ - C) ‘0 “ .

c- )~~“ -, ,4 I — ‘) 34’) (~4 4’.) 1’ .“ 4’) 3 ( ‘4  C’.) C ~~ ‘n “ C C’) 4’) (‘.3 C,’.

- Cr ‘4 ~(, ‘4 , “4) Cr U ,  ‘4) C

__________ 
I ‘ C) C) C C C) C) C,

~~~~~~~~~ - . c - .  —~~~~ 
.~~~~ 0

• 0 C’ C) C) ‘ C’ 5 ’ - C’ ‘ C’ ‘ C) ‘ -:, . 
~.‘ 

. ~‘ ~c-’
X i ddn . ) iq~ ~o — “ — — ‘4’ :5 “  -, ~

;_
~ 0

C ‘ C’ • ,‘ ‘ ‘5) ,.C .-, :‘ .0 5) _,4 0 .0 - - .0 — Ci .0
C,. ‘ . .  ‘4 . ‘5 siS ‘4, ”:)

iU lun ” ’n, U) i “ “ —, ,‘. ‘ .4
‘5) ‘ - C .  5 :  - ,: c: _r- ~ f. C ’  ~ 5 C, C, ‘. . ‘-C ‘ ‘ f l ”-’4 “~ C.)

I .‘ c-s -‘: ~‘ c - s e ’’ . - C ‘ c- ‘1 - ‘ ‘. C. — “ C ‘C C’ ‘C ~~. 4-’ 5)” .)
-. . ., , ,_,‘ ,_) — - - - ‘  ) ( ‘4

- . -1. ’,,5~~’
.1 n )n’,i W ’)~~’,~~n, “ ‘C fl 1 3 4 ) — c -  -C’ — 

~~ 5,0151
I 

—

0 , , Ui . ’ ~~ ‘.~c- ,~~~ , , ,. I ., . 
~~ 555 ~,,,.

I I - I

‘— ~~~~~~~~~~~~ .



____________ —— 
‘ ,fl 4 ,  (‘C’ ,“- 5- ’- r-I ri CC- C’-’ “C ) ‘C , LI” -5)~ C ) ‘ C -  - ) <‘ (“ F”

[ 

~~~ ~~~~~~ 
* ~~~~~~~~~~~ 

T

‘
I ~

‘
~~~

- - ‘
~~

— 
- . . , , ‘ 0’ ’ ’  C) C. -- .5 C) 0. ‘ ‘ - ‘ C ’  z ~ CC CC

~JL5~3fLc-O&l ‘r~ Ia c-.-:-:- ,eo ‘~ ‘4 C’ s,, ~~~~ I - C  ~~~~~~~~~~~~~ - , :  ~~~~~~~
I I  ‘C

- , -c-~.- C’. ,‘—I )(C)I , ,  _‘ ,‘ .C) ‘ . N- ,j” .0 2 ~
- - C’. ‘) ‘. - ‘ ‘ -“ - -C C C N’ 0) a’ ~ ‘ 

- . ‘4 F’— N- ‘
~~ ~~

~~~ ACfI~ ’~i 
F 

‘ 4 C C ’ C C ic ’- . C ~‘ -s-,~~~
- ‘ ‘C  , U (“<I. - (C) C C) , “4 . ~~ u “-‘0 CC) F” “- C C’) 3’ .

~~I~~~~~ LVI~Thd C . . ~~~~~ 
~~~~3 ’ C ’CC’ r~~~C) C’  I”) C’

_ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _  _ _ _  — “ C sU”. (—CC C) ,—, D C , )f”,C U ‘ C C C  CC’S C. ““ i C) C’ ~~
,~ C’ 

I~~~-4 d CC~~.- 
-
~~~~~~~-‘~~~~~ u~~~~ 

“.~~~~~~~~~~ - , - c c’ c
I I  1 1 1 1 1 1  I I

‘Ii ‘C__________________________ - — 
C’— LI’. C’. (‘— 0  C’,) 0’.,-’ ‘4 CC C’) , ’ .  ~~‘ 1”.) C’) F”— CO C) *—4 C’ Ci .CC ~~ 

‘
~~

~~~~~d c-f5c -Lid~~ 
C” C~~~ C ’. ’4TCi O r’.C ) ’ C i C C . 4,’ .~~~~~

_______________________ - — 
CC”-’ C (“CC CL) Lf. -CC - C)  ~“iC) ‘40CC 5’ (“4,0 LC” C”C C’.’. ‘40CC

C]) . , , , ,:-, 0 • . . . . . . .‘ . • ‘ . ‘ . ‘ ‘ ‘. ‘ . .

~n-cIJ,~.dS c-I 1 ’.c-S. ,-‘4 C’:. 5) 10 C’) ,“I )‘)J~~ ~‘I ,-4 C’) ~~ CL) 0)0 “4) 1”) C’) ,-) U .-/ 
SC,] I I  4 1 1 1 1 1  I

4-I 
_ _ _ _ _ _ _ _ _ _ _  — - —  _ _ _  — _ _ _  _ _ _  —~~~~~~~ C]~~~ S

‘ -C  CC t’. ,—4 (3’ ’4) ” 0 Ci “ )C- , -H LI’ ~~‘ CX) 1’ CI ~~ CL C’— C’ “CC’
- ‘  CS • ‘. ‘ . . .‘ • •‘ • . • .‘ ‘ ‘. ‘ .  0 4 02~li’I.L3fI~ LS 1~~LLc-’L5c- -~ ‘4 C’), C L)”. ,-4 ,-i Ci I”) ,-4 C’ -1 ,-3 C’) C’.,, ‘5’ ~~ ( “C C ”) C) C’ Cj C: C 00

~ J~Nfl~ c-~-s) ( ‘ ‘ I

c- C’ s ’.C, ’.o C’,, Lo ,-i~~~i r ’-  5) ,rS -.r a) “C C’4, O’. 10 h- C”C CC 
. C I ]

~~1f~1~ fl~ Lc TJTS,x.5’ C C’ “..‘l’ ,-4 ‘I (“4 C,C (“.1 ~H H ,-4 I—I ,-4 5’ (“Il”)C”) O C) 0 344
I I I I I I I 0

_ C C  i ‘ 4 C ’ D ’ ] 4”. C ) ( 5 )  00 ) 1) 0’ . ,
A1,1~~ 3U 550 Lt”Lc--k’d ‘C 

~~~~ r <‘~~-C~~~~ C’ ~~‘ (‘.4 ,-‘I CC~ 5~ C”) C” 0 0)  7 C”C ,-I ,-I ,-4 ~,,I I  u I I  I
c~J 

~~ __________1 , _ _

~ 

_ _ _  _ _ _  _1 
—~~~~~ _ _ _

I”I ~~ 
- C’) C) C’., “- C’) CO ‘4 C ((C I”,) F’— - - L ” ILD C) /“ C-H if’. ~‘-3 [I ‘C’ CC- o 10

Z , , , . ‘.,~~.,, ‘I CS “ C E-“.4 I,,,,_ C ,.,.o’’ _— .~~~ — (‘.3 -~ ’ a—.  — ~ “II)’ 0 — i’— ’C) ~~ C C’I I  I I I  I 0 ’C

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•
~~~~~~

I” MDLWdOI1’S.LL I C’. ‘4 ,- I tt\ rt o (‘— CO C”~ “-3 C) IV *,‘. _,.4 0)(C) ‘5’ ( ‘C (‘.4 (‘> oI I * ”Ir’I - I 1 -4 ,-I

‘ I C )  5 ) L C )CCCC) O O N( ’ ” I C- C) C L I ’  0)L4 ’ Q’.,0 Q’.~~~

NOLL~fl~~SId Gc-O,ni c 
N - C C C C  (C) tr’ CC C.) CO- C (“44 ,-I CS C’,C,O”.’) CC’ C’.I,0’.o 

~I I 0’C
___________________ — 

C C’.) ‘ C C X  (‘C C- C C’~ LI”, ,-) 0.i0~~~7~ 3”. CC’0) (5) U’\ ,”I OD .CX

C) . 0”  “— I V ’ C ’ . , C C C ” ) 0 C ’.,. .L”.,H ’,O CL,’ C ” ) t) C1’C ( 3 ,  0 1’.) 00) 4 - 4 ,1

vs ai’~v ivi ’~c--n ” 4 
~~~~~~~~~~~~~~~~~~~~~~~ C C.I-X P

_____________  — 
C C ’ - ,CO ’.I ’,- Ia5)F’ C C 0 ) L Or., C’4C ’C , 5 ) L —’ C L 0’O CC ,~~

‘.“4 
~~~~~~ U’ - ‘ “ ~—I (“N-ic’ C O I V’LI’C”C,C’ C’.’. (“ CC C’.) C’s .’—’ 0 )00 )  ~( ‘ 4 — ~~CCJ C i )C ’ . C ’) , - , - I, - I C”C C’( ’C C i 5 ) ,” I C’. J . ”4 C IC

— 
t-.C”) ,’.J,’4’ C”C C1” )0,”4,H F’— ‘ C C ” CC ’ .’4 CC) ,“‘.4’’.L) C ’ .  ‘ O C X  15’ 0 ‘7’ ~siuvsr2s ic icA,’u: N

c- 
C 

- ‘CC:’ C) ) ) )  C C— )  5) F— C” N ‘C CC) c) CC, C. C C”:’. ‘-‘ C’C C’.’. CX I” , “

C) ‘C____________________ — 
- — 

‘4” CC) r ”O CC ”4 1’ (‘— ( ‘4  ‘4 C,) COO C”’) 0’ ’.’C ) ‘ ( “  ‘4) ”4 0’, C~J ‘
~~ ~~~~~~

S3LL.SCIL ‘4” ‘5’ CC’. (“C 0 C’) Cl’ ‘.1” CC ~C’ “4 “C’ U’ “I”. C’., , -)  I’) p-’)- 3”. (C”) (‘.4 C, (“C C’.) (“C CL, ,“4 ,“I ,—4 ‘—I ( “C C C  C’) C”' ”) )‘,J I’.J (“C C)
C

I~~~C ’ . 0
L1~~ 

o~~~00
C) C) C.) (‘4 Ci C -S C

_______________ - — __ __ , ‘)“ >‘ “ 5”’ ~“ ~~‘ - - > ‘  SC,
1 0 4 )

C) C ’ C C ’ C C’ C 0) C ’ a’ . ~~
‘ ‘ 5, 1 , 5 .  ‘ U  ‘‘) . 1)) ‘ 0 ’ ) ’ ) ) ’ . ,. ‘ (5‘C ”'” ‘5 55~>

——_______  -—‘— ‘ -~~~~ c- ’~~~~~~~~~
’. -~~~5~~.,0 - - ,_ 5 CC_.0 ~~~~~~~~~~~~~~~ , , ‘ . c . , : 

~~~

I ~ 
— 

C 
‘
~~ ~ C (‘1 4’. 4 

1

‘‘ ~~‘~ r - ‘ - - . ‘ - 7 * “‘ -
. 

C ” ’ ’ C - C-’ 0 (“C C’) .‘—I C l  C’ - H’ - ‘CC —

~~ 5~, ~. . , . A .  ‘ ‘ “ “ ‘  ‘ * I ‘-~ ~l C’) C~”i (‘.1 . ‘ -~ ,.-c ‘-4

- ,.1~~ ~L



.- ——  
— ,-- - - -  —--

~~~~~

---- ‘- — - — -“----- ‘- -

~~~~~~~~~~

.‘

~~~

-- -

~

— -- — —

SEC1TION II: ~1,T
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PUR?OZE

The basic r ’~’-’occ- of the evaluatIon procedure is to assure that the
regional waste’.”~te:’ ~~~~-er ent aitcc”r,c-’itlvc: de’,’eloced for the Chicago—
South no-i of ~~~ c-h ‘

~~~~~ ;‘..~“ ea (C—:~ u’~) are harmonicus with the social
and physical ircro”.-c-nt . yore particularly, the purpose of impact -
evaluation is:

(1) to show ho;’: each alte ”r-sat~ ve system affects human values and
goals directly and .lr:dir”,”ctly by means of’ perforrriance and con—
cornitant effects  tranc aitted throurh changes in resources and
environment ( ir’.cl-.c-’Iin’,g economi c and social as well as physical
changes); and

- (2) to caiipar e the ismacts of the several alternative systems in
such a way that the relative desirability of’ the several sys—
teins can be determined qualitatively and, if possible , quanti-
tatively .

A further curoose is to suggest areas where design revisions may
reduce undesirable Lc-’racts or enhance desirable loracts. To this end ,
the evaluation procedure is soecifi-cally structur ed to explicitly identify
the relationships between overall L’.ncacts and the specific system ccor~ o—
nents contributing to those irpacts.

OV~~V~~ ’1 OF ~ETh-DDC-LOGY

It was evident at the start of this effort that the state—c f—the—art
and the available data could not sunoort the dnvclora-:nt and application
of an analytic , cbjective e~’a1nat i on pncce’i.n”c- . F’urtherc-oor’e , ~ . ven t ’uc-
preliminary nature of the C— ~S~ Ii.~ study , it ;:ao- also c~1 o’ar that a oc’.nnlex,
rr~thernatical conrooch jn’;ol’rin,o fcnoc.c-.,ot~no :oc~ols ‘,“ouid not Or’cVj ds? the
kind of infcrn2,tir-n rca’c-ir ’c-d hs’ desi o’icsr’s , n’. -” ’ional cofl cy—mai.:cr ’s , orsd
citizens . Tr tiiticnaJ. eoora c-’,i: - ‘-‘.‘a1-’.;at.~ ~ ~~ ‘- ooc-a-oh”:. , suoh as c .:- ’X’t—
benefit analysis , couThi rot c~ ’~’~i o t - ~ voly ~~nture th’c- h cc -h th  of’ ~n. nct S
likely to occur duo to 1, h-c i ” ’ s ” : : nt .~t .ion of a larc-”' scale :‘:aotr’,’.’ol CO ’

treatment schcro-c . “~~~ t .h-c oth-c o h’sr. i , it ‘s-:Sl’.c- also d C - - si ’ t h ot a vur~ :~’.y of’
technical ‘c- ? :i-:’urio 00 11:1 oon ’ s’ic’it’o to ‘. . -

~~ -‘:c:t i;’.Thi o~- ~-o:’ , ‘ c - s i
at ion of soci-tl—cn’~’ir’c- ~~“~c-ta~ : ‘c - : :c -’, .c- throuc-j c- ~he c-u -n c-, I C - Of (u-s of ohoi r
trained , cu~ ~ -ct i’,-’~ ‘L, o’. ‘nt. . it woul d be n- -c ’ :- . .‘o.rv , ‘ “  oc-ir:”:’ , U. - i v c -~ vo
a ~ ‘oup of :clif’,~c,~ r v c-i c- ss ’ tc.r:’ fl’C on-c J r : - 1 lVc -” lU’ f l  cou ld  ~‘-c : : ’r ’c- ’.’. h- c-
IQ iowled~C’~’ nC - s o  h -cc -~ : aoocnuc - all 5 4 . ’. C ,,~~~~~ ,,, , .  rfl .~~~” - ‘ i  C’. ~ C ( o ’ .  “.5 1 h” I

in a 5 , Cc -’ t U’r”~- s 4 
~c faz’hicn to ~r:: . c- :’c t ho t  cU,’ r”o c-’ultir’, sc-~ c-’:’.isn’t ~‘:c’n ] 1 s: -

~ only
Identif ~’ t h ’  ‘ n-- - - ’t c-n: :: i ’:’Csot fcc-si r’cuie alt’ rrsOf: ~v’. ,’c- , hut. wuuld Cliro d c - c ’  ~~

‘ h O

why such c-iltc’rnati’~’~- 5; u’-rc ‘-c-”.J or’ b ”nl.

- - -‘-‘- .~~~~~~~~~~~~~~~
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r-owc-c-c-’ c-c- c-c- - s c - h  c - c - c -’ _ ‘asc-t ioc-c-s 1 - - s i l t c - ’ c - ! t c - ,’, c - c - ’ I ’ c - c ’ c - , c - ’ ’ c - c - .  ‘ ‘he i .s ”c - c- - ’ c- c-c-’., cc - f ’
ccc i ,  cc -cc -c -c - ’ uc-ia ’.,ts c-’:iti,i :, tic - c -’ c-c - c -- c-c -c - sos: I an-i -disc- ac-c-il c-ic-’c-c-c-s 1’:-: ’ ,‘,Itec-’c - , c - c - —
t ” v es  Jlc-~’ and ‘

, c--cc--:: c- - ’c- ’c-i lc-: c - ” .t c - c - d relative t-, the Ic - c - c - c - c - cc - fc c -’- of c - c - i c -- i c - ,  sc - c - c - ic - Ic -c-s c-f’s
elsc -c - ,’lc -er’ c- sc it l , I:. c - i c - c -’ ‘_ , ‘c--III :. c-a’cc- .c- . P’Ii ’.:’ : s c - ,’st ’- :rc- , d c-nec-sf: ~c- ’c-

I c -4 . I -  - ‘ - s - c - ’  at -,~ ,,i”- :c- i c ’c-c- sc -t cc - i b c-ac - 1cc - c - i I c - c - ‘ —c- ic -IL-i , not Lc -I-: ’ . ’ s  to tic - ’ .’
c-’;’c-,;tc-sw:-c -tc -- c - ’ sc-c-c c-c- c-:c’e:c-erc-t c-:,’~s-tc-n c- ;

25. Power plants located wit-ic-ic-c- c-c-os-ne il: tc -’iic -- c-to. s f s si c - - c - l s , c - ’ ’c - c - f,c - sc -’ .-c - ,t
sit . t .a,c - ;

26 . Power plants located within some land c-Hf- . - ,’ I s ,  t ic -c - : 5 s - ~c - ’ c-nt
plus land system.

The 26 subcategories comprise the comprehensive II ,‘-.- c - c - t : c - ’  (Ii,:fc - c - - c - ’
nyc-tern -c-os-c-ss--crc--’rc-ts) representing all elements of’ all - slt ’ :c- ’c - :c-ti c-,-’c-’
Each :-,‘:tc -rc -c- can be ‘iescr’ibed and evaluated U c - c - i c -1c-’ arc-c-.- :u b c - c - : c -c - ’a -’-n” ,’ c - ’ c - - -,. :c- .
each rc-a,ior category . Th the following c-c-pc-f-cr-c- rn c -c - tc - ’ ix, Thble ~‘I — H — 1 ,
the subcategories- for each system are i-dec-sc- s’s f ’ i — - I  by c - s c - -  I- ’-cc -t i c : c - :  of i c - c - ’
l’s in the matrix row associated with that systc ’c-c-c-. ,‘Th c’revc-r’ as-tj , ons
exist , the optiona l subcategories are .i~I-c -r c- 1sifi ’- -- i w i l l ,  2’ c - - . Tb- Of- c - c - c - c - -—
ments describing the 5 alternatives can be -c-or-c-i- ic- sod Ic -, 23 d I c - c - c - sc- - c - .; c-’,’c-c-c- .c-
Jr variations . lic-u s’., the 5 ‘slter’c-c-ati’n’cc-. , with cc-c- c- i - - c - c-’- , c-c -c- ic - c - c - ’  - c - c- .!
2’c- distinct c- ’j st c -sc- c- c- . These nyc-ten:., and ti,-s’ c - p c - fc c - sc -  ‘.c -lc -” c - ,ec -it sc - . - “ c-c - c - c - c -  - c- ’isic-;,’
cc-ic-ic-, are d c - sc - c - n bc-h in Table i’I—Ii—h, ,Alt er’nc-c-t ive I r’c -c - -- ;c -j r’ c ’c - , i - s t  - ‘s c-c- c- ’ ’ —
tern to describe its ‘,‘ar’icti-:-sc-s; Alter-native II c-’eac-, c - i c - ’ - c -c - 2 sy:tec-c- .c-c- ; Al—
ternative III r’e :sc - c - !c - ’-,c -c -c - 14 systems ; c-’- I tc - c -c - ’nat~I Vt: TV c - ’ - - - , c - c - : ’- -: c-P “ c - -  t c - .’c - s c -’- ;
and Alternat ive P s’ec’,s fc- ’ec- 8 :‘,‘c- ’t ’c- .-c-’c-s .

C—SEIJ’4 REGION

For the pc-, c-n ’s’oc -c- ’c of e’,-’clc -c -at ir ,c -  ic-c-c-pact: prom . . ‘ 1  by :-:c -c - ,” ,.‘wc-- c - c - cc-’ c - c - c - c - c - c- c - c - ” —

scent altsc-’nc-:’c-t ives , tb-. IIhi - ’ . , c - ’o— IIa -c -c -, l c -  aid c- f’ ic - c - I - : ’ c - - l i  ‘c - i c - c - c - ,  I 1

defL-c-’s’i to incisi-ic- not c-c - sly the i c- c - c - i c  arc--a : - c - c - ’ c - ’ : c - s c - c - -. . i i c - , ,- ’ I c - c - c -’ - ‘ - I i  14 , 1 , ’ : : . ,
Ic - it also sc-c-oh tr ,t c -’ r ’si or 1cc-c-dc - ’- as are traversed by or c - i c - I l  I c-as- I c - s c -  ‘ a s ’ s
c-f’ c-c-c-c-’ , ’,’ ,:c-c-,c -st ewatec - ’ c-c -c -c - c -c - :.:: -c- sc -cr c- Ic - or c-i c-c--dc-’: s’i’Oc-c- :i,c-’Orsc-c-’c- c-t- sc -I c-ct-- -c -- c -’ 1 1 ’ . -  P.s ‘ c - .  ‘ 1

ac-c r’c-s .-p-c-r’t~c - c - i c - c- t ”nc -c-c - : o f ’  the ‘Ig,f ’~’c-!c-’at’.: c-t ’f ’ c-c-’t over all c-c c- -c- :: I :  ‘;- -~~~ c - - i .
and ar -c- - not s1’-c ’cif ’ i. c fcc - ar c-p local area .
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Ic-c- this t~c- t 1’: c-~ sc-c- lic-c-kapc-c-’c - ; Ia - c - c - c - -c - c - c - c - ,  c-’y ’. t - : -c - c - - ‘ i ’ - ” s’ c - i..c- ‘ c - c - s  c- ‘i c - - s c - c - ”: ic -c-
s -c-c-ct -j i:’c - c - ’ r , , c - i - c - c - s ,”- ar ”:’ i c - ’ t i ’ s~I ’  c- c - c- c - i c - c - c - .  t I c - c -  I - -s ‘ c - - I  - I ’ ‘ - c -  ‘ I .  :c -y: c- i c - .  - ! ‘  

c - c - c -  each prin~’c-r1,’ irc-c-’s’c-c-ot -Urn - - c - c - c - b ’  c - c - can i ’’ - ‘ c - c - ’:’ ’, ’:’-”-c-

‘ic - c - c -r’ :c - Inc- -a-c t , P- Ic c - .cnc - ia c - , : c -  (E ‘-“ ‘c-’ c - c - -c - ” : ’ ) :  A c - - c - s c - n : ” :  s c - s - ’ , - ’ ’ s  1 ! :  5 , , ’ . - 5 ,

i ,~ I , ’ f ’ i c - s en s c - c - s :.c -orc -et c - ir c -c -” c- c - ’  lOse ‘ - c - c - c - I c - c -  s c - - c - s f ,  c - f t c - f  !: ‘ i P c -  : 1 1 - I ’ . ’ sw’s - i l —
I’- c - t ’ ’ t ’-c-u” - “ i’’,’c’-,~”— ( i : s c - ’ c- - ‘ s  ) c-’~ c- s s i c -  I : ,. (‘ c - c - c - c - .  ‘ I  . ‘ c - - c - , c - ’ l c - ’ , ’ i - c - ,  c - c - ’ c-~~ ’ ’: ’ a ’ I - c - ,

-c-f the c - ’ ’,c’t c- ’ ‘- ‘ i ’ r ~,’ .- c - f c-’.. Arc- - c- c- f - - c -’ : ’. i c - c - c - c - i ‘n c - c - ’ ’ ‘ - c - — ’ - - - - ’ :-’ s’  ‘ I c - ’ ’ c - i c - c -,’
c- c-c- c-c-” f c-’!s’c-c-c-rc’ I c - - c- a - I , cc- c- ’c-r , -’-’ c- c - . !s : - ‘ ‘ , - c- ’ - ‘ ‘ ‘ ‘ ‘ ‘ ‘  ‘ ‘c - ’ ‘ c- , - ’ ‘ c - c - ”  - cx a- ‘c - ’ c - ’ l  ‘ ‘s i c-
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TABLE E- 1r-2

SYSTEM LIST - - NUMERICAL ORD FR

SYSTEM ~SYSTEM SYSTEM SYSTEkI
NUM BER TYPIc - 1> ESC RI P ’I ’I Q N I c-~ iT ’c- i c-;

F i a n t  Slud ge Pot ab le POWCT

__________ 
Sup p ly

I I - agr t M .  no I , - , I 1 . 17 , 22 . 2-1

2 11 33 agr I,.M , no 2 ,’c-’ ,1 ,I s’c- , ,c-c- ,2c-i

3 Ii 33 agr R , ‘o 2 ,5’ , 12 , I~~,23 ,, ’ - c -

4 111 17 agr L M , no 3 ,8 ,13 ,l9 ,2,” ,24

5 III 17 agr P. no 3 ,8 ,13 ,Ic - c- ,23 , l-I

6 III 1 7 land l,~M , no 3 ,c- ,Ib ,19 ,2c - ,21

7 III 17 land P. no 3 ,8 ,16 ,19 ,23 ,24

8 TV 1)1 , agr L M .  no 4 , ’s c - , l- i , 2O , c - ,c - , c - -c-

9 IV 01. agr P. no -l ,9 , I$ ,20 , 2’c- ,24

10 IV 0!, c-igr I ‘-I - v t — c -  - I 1 ,14 ,25’ , c - 2 , 2S

II IV DI, ap r - IS , y es - -l , ‘) ,14 , 2c -’ , 3 , 2S

12 DL l a n d  IL no 2 , 1 , I ) ’ . , c -’ , c - s , , 14

13 IV DI. i in , I  I ‘c - . no I c - , i - ,c-c- c - c -

14 ft I c - I ,  l a n d  IL v c - ’, j , ’ , I t ’ , c- c - c - . c - c - , 25

15 I V  DI, l an d  - 
I ‘- c - ,  v t ’’c-

16 V 5÷!, i~ r I “1 , no 5 , 10 ,15 ,21 , 2 2 L  I ,

17 - V S c - I ,  ,c -~c - r  P .  no s , io , is , i c - s  , 2 1

18 V 5+! ,  “c- :r l . , M .  c - c - s  c-, , I( i , I5  .,u ,2.’ a -

19 V S c - I  c - c r  P .  v is  5 , I0 , lI’ , I 2 -

20 V Sc -L Ian,! I,,~ i , no 5 , • I c - i , c - I - . 21  , , ‘2  • c - 1 -

21 V 5÷1 l and P. no ‘, , 10 , Ib , 2 I  2!- , ‘ i I

22 V 5+1  land I , M , v ’ -’ 5 , 10 , I) ’ , 21  ,2

c - c  V 5 + 1  Ic - inc - I P . ~ 4~~~~ c-, , 10 , I (- ,fl

* [ r e f e r s  t , ’  c-’c t n v~~n t j , ’ r , c - c - l h i o I ’ ’ c - c - c - , - c -, II t o  t h y ’
III to ad c-’ c - i n ,’ ‘.‘d b io l ogic a l , I c- ‘ 0  d i ‘,t r I~ - i - - I I c - in , ! , c - inc - I  V t - ‘

S p lan t  c - - I l l s  lan c - ! t r c - ’ , i tm c - ’ i c - t  ‘- v -c - i em ,

r -  1-1



simple enough to be understo od by the evaluators . The d~n’~nsions are as
fol l ows :

IL . Surface Wat -c-r Quality ;

P. h’c-,s’face Water Quantity (temporal and spatial availability ;
flood prevention or dirrdnutior’i ) ;

3. Subsurface Water (Groundwater) Quality;

14• Subsurface Water (Groundwater) Quant ity ( availability) ;

5. Air Quality ;

6. Sensory Quality of the aivironment ( appearance , noise , odor , etc) ;

7. Residential Land Use ( Present and potential) ;

8. Corc-rc-ercial and Industrial Land Use (Present and potential);

9. A~ ”icultural Land Use ( Present and potential) ;

10. Recreat ion and Open Space Land ( ?resent and potential);

11. Soil Quality;

12. Mineral Resources ;

13. aier~~;

114 . Access (transportat ion , corrrnunication, water and wastew ater
service) ;

15. Biotic Coririunities (terrestrial and aquatic) ;

16. Unique or Rare Things or Species.

For each dimension , a check list was prepared to guide the evaluators
as to the kind s of’ impacts to be included in that dimension . The check
list was not intended to be comprehens lvc or exhaustive but simply illus-
t rat ive . End s evaluator was free to determine the components he felt to
be relevant to that d imension . The check list f’or Primary Impact Dirten—
sions CE vector ) is shown as Table E—II—3 .

The impact of’ each system element on each primary impact d imension
was rated on a scale of — 3 (extremely negative ) to +3 (extremely positive) ,
w tth positive connot ing inproc-retrient or enhancement . A neut ral impact
(score 0) could have been assl~ ’c-ed if ’ desired. For example , a storm
water collection system ra’t~~tt have a +2 1,mpact ( nDderately positive) on
surface water qualify but a —l impact (s1i~~t1y negat ive ) on ener~ ’. The
c-~:t iri~r form used by the evaluators to assess these direct impacts is sh~~in
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0 - ,‘7”J 5 (_ ‘1

2 . ‘ ‘ sc - ’ .’ -, - c- c- w o e
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To wtssc-it extent  wi l l  conir~ rcial and i c - c - 1 ’~a~ c - - i  - c- s ic - c - n c - — c - c - c - c -  - 1:-- - -
enhanced (+) or damaged (- ‘I ?

?. A~ ’icultural land—use
To what extent will a -icult’,,irni ian-I— - a - bc- - c - d s s c - n ’ t ” c - t (+~ or
damaged ( — Y

10. Recreat ion and qpen space
To what extent will recreati-: U s  c - i - a c -  c- ’c- I u - c- c- he cc - -d c-c- s - i
(+) or d iminished ( — ) ?
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c-AhLE E—I 1—3

Tl hT c-IPI -:I -IST VEC IOR E
c - j~ 1~,~~p v ‘IPAl~’F Dfl€-~~IOic-~ -

‘

1. Surface Water ’ Quality

Sensory : taste , odor, color, turbidity ,  suspended and floating mat—
ter , algae , oil and grease , phenols , temperature ;

rc-Jutrients: phosphorus , nitrate nitrogen, total organic nitrogen ,
carbon (t’d)C’, COD, BOD) , dissolved oxygen;

r ’tiner-ai content : pH , alkalinity, hardness , trace elements , salts , - 
-

gaseous products , accumulated residues ;

Health aspects : total coliform , fecaJ, coliform , fecal streptococci ,
protozoa , insects and insect larvae , toxic substances (includ irc-o’
pesticides and herbicides ) , radioactive substances .

2. Surface Water Quantity

dilution water ; water supply : rrLc-nicipal , a~~’1cultura l , industrial,
recreat ional ; water suppiy storage ; flood ing ; sediments : erosion ,
deposition , transportation; navigation; lake levels; hydroelectric;
spatial distribution , temporal distribution .

3. Subsurface Water Qualit,y,

see surface wat er quality

4 , Subsurface Water Quantity

water supply : municipal wells , private wells; ground water recharge :
con t ’in~ i and unconfined aquifers .

c- c-’c - lc - c - P c - c - n i h ;

CO c- , 1c-0
~~ 

NO ,,  hO w ,  Ci , i c - ,52~~ hydrocarb ons , aldehydes .

part. 1- -lea : c- c - c c -nvl  of- i :-: aerosols , mist-:, dc - c - at , :-rc-’ec-kc- ; viable : C o l i c - a c - c -
grains ; c-’i ar-o— orCan i .-ma : algae , fungi , mold: , yeasts , c-c-mat c-c- , r’c-, - c - t
spore:’- , 1 ‘ c - c -c - i  r i  c - c - .

cl~~~ te: atnc -carh er ia  mc-iatw ’e (hc - im i i i t v , cloud cover , ‘o~~, c - c - - o h - I —
I at - c - c - c -  I c-”rr~~c-’r’at LT’€c- , 0

c- , - ‘rac -ec-n’ - dc - m i - - r  f - , : , c- c- 
______

c - i - - i c -’ - ’ , - c - I - - c - ’ : , v~ , 
~t1 , i c - ’t’ i ta j c - I ‘ .

c-c-

_ _ _ _ _ _ _ _ _ _ _ _ _ _  -“- -‘-~~~- - - -
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, ) ;
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- “‘c-~~’ i O c -  c- rsc--o-a~ 7 ’-: ;

- 1 -n - ’ - ‘c-- - ’ ’ -- ,  - - - c -  — .

LI. Ili ac- c- - c - - c - i  - c - c - e c - c - - -~c- (al l  ei:a: c - -- , ’ - : . : - i c - c - i e -- - -: :1

- ‘ c-c-c-nc- c- c- c - c - c - 0 ’S c - - en ’  - -c - I , c-~ c-5 , ic - a- c - c - I , c - i l  c - i c - c- i - “ c - c - ’ , I c- c - - c -  I : — - - c - c - -  - - c - c - c -c- ,

- : , c - ’~~’ ’a . I c - ’ ’ ’ c- c-e- ’ ’ - , c - ( ’ : ’ c -, ’ : , - c- - i , ’ c- c - c - s -”- ’ u : : ’ c-~ ’” c - ’- - ,”n ’ c-c-- . , ’: --’ c - i ’ c - l t c - ’
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- ‘

:‘ one (1 ,0- ;’- -- c - -  , - -I c-mit- -i.

13. l , - . c- :‘ c-, ; (P ’ c - d c -c-t i vc ~ c - c - —, ’c-c-L’: c- - ‘ - c- c - c - c - c - i c - )

c - - nc - c -n c - c - :, c - c - ’c-~’i’ic” I — c - j ,  c- c-c -mY -: ,.

c - c - ’ ‘it h-n , - c - - c - ’  c - I : ’ ’  i - c - : , c- c - -  c- - c - - , ’ ( a c - c- ’, - :- - - a ‘ c- ’~
c- c- - - c - , c- - “ c-c-
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- - c - - i ’ ‘n ( c-~~i h ;  c - cc - a ’f c - - c l c- c-

~~~~~~~
’ c- c - - ’  -: I s  ‘ I c -~ - c - - c -
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i c c -  c - - c - c - a ,’ ( c - c - ’- - ’ - .c- , i c - s c-i - ’ , i c - - c - - i c- , - c - c - c - c -
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~
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r ,c -’ s Y c -  c - - c - - c - c -c - n i ’  ‘ - - a (~ ;ic-- - I l l  ‘5 1 0 0 : , ‘h - ’ ‘ , a c - - I c -’ ’ , : , - ‘ c - - c- s - - c - c c - c - 1
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16. c- I c - I c - ,  ; -c - Cc - c ’- ‘

a c- t’orc-i l a l t - -: :u~c- -ss -tL’c-~
c- t,a (ar c- c-c--a: - ic - - c - i , c- sd :t- ’ni :sc - : i)  ; ‘ : oc - -c- ,t i f ic -

sic - c - c - c - (p c - c - c - ac - c - i : 1 ’- ’:±t c-c- ’-:. ’ s ’ c - a l :c - c - ’ - i t. a - • , ” c-~
, - c - c - c -- -

~ ~-~~ c- c-~~ 1~~ c - c - c -  c-~~ c - c - j

r ’elta s of In,,-:- ’ ‘ I - I , ’ s c - i ,~’sc ,i-;- c- ,c- c - c - ,  .c- ‘c - - c - , ’ , l1’c - Il ,u’i c -c - c -c - c--eeC ‘‘ r’ c - at c -,,r--’: ( i c - c -
‘Kec - ’it land - c - ,c-; rw ’ , ‘I c- , j l c-c-c- -,’c- ‘I nc-c-: ‘I ’: ’ h- c- c -c - i ~LI-:c-a -~~~~~- :  rc-reserc-t

as-en , ecomo-: - a-J ,i Ic - c - i nc - c - a , t - c- ’rc-.l: c- I c - c - c - h  - c-: , kettle lake: ( many are
now bogs ) , kc- c-nesc- , eac--c-ers , or i c - c - c - -  orc-avaosc-a ‘1 lu ngs , sand dunes asso-
ciated “ s i c - i c -  Cisc -c I - c- I ‘ Ic -~~’ - - —J’h i c-sg ~~ ‘hocelic-c-ea and the Kankakee nutwac-c-ic-
plain; nn cc-ast c- ’oi ‘I ak - I-I L c - lc - i p: c -c - c -c- c-c-h-a c-c- c-l i c - s- c- r’erc-nc-c - , ic -t a , bedrock cxc-:- c-c-c-w’-es
of Silurian arc-i Devonia,n carbonate rodl-a , Devonian Arc-trim sic - -c-It o and
Pennsylvanian ‘I-iana field sandstone ; biological : oroanisrc--r dependent
upon certain habi ta ts  and/or with r’ec-c-tr’i -c--ted ranges ; endangered
species : (ecosystems — characteristic of or unique to th i s  area)
scec--,d, -c sites ; unspoiled views ; unusual land forms .

TRANSLATION OF PRIMP~RY LV~ ACTO fl-ITO
HUMAN ACTIVITY I~~ACIS ( MAimIx B)

The pr imary impact parameters of the A matrix are significant largely
to the extent that they enhance or detract from human activities , human
health or ecosystem status. These impact areas were described in nineteen
dirc-~an sioc -c -c -c -, collectivel y called the human activity impacts:

1. Pc-0isi1c-~c-’Od,t1 Production ;

2. In c - ic - c - c - c - t s - ia i  Production ;

3. Food Production (Agriculture);

14. Construction Services;

5. F- c-c-h Ii a il crc-i. cc;

6. F-c-’ivat~ Service;

7. hesi-c - terc - t i a I t  Activity :

c-~, T h d c -~~ -c-~t l3c- c- ( i c - c - ; O  -l-ak111 r’cc-~c- I ou) ;

I c- c - c -’. I - ’: Densit l , I c - c- nc- - -:c’e ( n c - I ’t:- w i t h i c - : (c- _. ” c - ”I  c-c ‘- -- ‘I

II . ‘ - c - i . ” ’  “c , c- I c-c-i ’ - c - - , ’;

11. - ‘ m’s ;

12. ‘I
’

LI. ‘ , li. c-,c- ,c- ~ O s :  ~
- c- ’ C - c - s c -c - I  Aa ’lc - lviti c-c -o’

— T

- _ _ _ _ _ _ _  A
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c - c -c- i c - c -bi b F ’ic -c-c-mco;

15. Recreation ;

i t’ . Aesthet ics  of Area ;

17. Ecosystem :‘- 4 atc-c- ;c- ;

18. Corrnminity Pol i t i c-cal Structure ;

19. Conic-c-unity Soclologiaal Structure.

Again, a check list , Table E—II—5, Is used to further c-o: ’ c - ” I b c - - t ic -c nine-
teen dimensions of human activity to the evaluators .

Matrix B traces the linkages and ic-c-pacts of each ~- rt’rnc- ”c- ic-a c-c- nt, - Plc - c - s ec -c-—
sion on each dimension of human activity . More c-c- ac - -c - i c c - i c -~c -’ Iy ,
(as impact ) the sen’~itivity of human activity to a c -c - - c-aL I — : ”  cis c -c-c -nc -c -c ic -s eacic-
primary impact dimension. A human impact was consi-1c-c-:-~- i c-~ b c - ’  :s’dt ’c-c--
if it increased , enhanced or reinforced the particular i.us nc- , :c-c- ’ti v iLc - ’ ;
otherwise , it was negative . This sign cn’nvontior i is c c - I i i~ - - -i merely “ -c - -
convenience and consistency , and does not reflect a c- - c - -  c-~~c - c - ’  a ’ of’ pre Cf-r ’ec -c -c- ’.

F

‘ ‘ — c - — i ’ -
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CHECKLIST Wc-~TRIX B
Hl T c - , 1J c - c - I [\~ c - r - c - f l c - ’ c -- c- -T--c-~ 1: -c -I ‘I- ’ - ” II J , ’ T c - f I ’

1. 1:’~it ’ c - ’ - ’ ’ I  - - ‘  ‘: , ‘c- ’5 c -c - c-

‘a: c - c - c- c - c - ‘ c -c - c - c - c -i c - c - c- c-i - - , ’- c-cc --c-i I l - - - s r c - c - c - o c - -i ’c- c- ’ ; : - - : c - ’ C ’ - --:; 1cc-c-il c- ’y, —
- c - :  1 I c - c - ’c-r - ’: - : c - - c - c -c- crlai ’ c-c-sic-P s - - h , ’:’ I c-al Jr - c -  - c - xc- s ;  c- c - c - c - c - c -c-’ ic - c - -c- c-c- , ‘c - c -c - x e. ’ , n - c - i~l I

- ‘ c- c- c- - I c- ’ sc-c- - cc-so , - - ‘c-

. I c - , c- c - - u n t c- ’ I  c - I  ‘:‘ c- ’ t : c - ’ ’c- - c-

( c - c -c-c-c ‘ c - c - c - c - c - c - ’-,- I c - I  c - ’c - c - r c - c - s c t i c - a r s )

J . Food P c - c - c - c -a c - c - c - I -  c - c -c -  ( ,~ c- ,c- lcuit .w-e)

(see — ‘ ac-c-rc-esc-c-c- tal I i’ c-~ i ’ s c - c - t i c - c - c - : ) .

c-~ ‘ c - s ’ t c -’ i ’t iOfl

(c - c - c-c-c - ‘ c - c - c - c -’  c - i - -, - ial t ’c -~hc -ct  ion)

5. Cc- i c - ’ I l c -  S c - - c - n i  c - - - ,c- ( , ‘oi’vlc-~~c- -c - c - r c - c - c -~ c - i c - i c - c - c - I  c-cc -i local ox c - c -- c - c - c - il ures)

I c - c - -cc-il -
- ‘: , - : c - ’j s c - c - ’c-i : c - h ’ - ’ , he:-ul t i , m c -c - c - r ’-c - :c -c - i c - c - r :, t ’ ~ -a c - s ’n- - c - ’ c -  ‘ c - c - l c -c -c - c - , s- c - c - c - - ac -- c - - ,

:“sc-c-c-c- c- --s ’ , c - -sc - cc - t o s - c - c - c - t tc - c - ,c- ’c-c-t , -c-c-tucsc -c -tion, c - O l ri~~~~ c- , e tc.

a ’ - c - - c - c -c - c -c-~~~’c- ’c- . c - c - c -~~c - c -c- c - c - c - f  : b c - -c - c - I t - I s , ‘ c- ’-cs’ c-:”c-t h - c -c - , tc c - cc - c- c -p c -- ct - c- ’ ¶ c - c - , water , asc-c-’- c - c - c -,
c - - Ic - c - ic - at I - ‘c- , c- c - I c - soc -c- ‘ I - - c - c - ;

- It ’c - t ’ ’  - c -c - s - i F- c - - i - -a c - c - i ‘ a ’  - c - c - c - c - a c -c- : c-P c -c - .

. ‘c - - i -- c - - s c - - - : :  ‘ ‘ i c c - c-c -c - ( s- : “:1 ‘ c- a i c - c - c - \ ” l c - i O i  s c - c - c - c - i  iorsc-i ,~~ c - a c - I l tc - c - re : c - )

- ‘ - - c - c - c -  i r  ‘ sc - c - I c - c - c - - - ‘ ‘ - c - c- - c - c - c - c - c- ’ , c - c - - c -  c - c - ,’ -I ic - c - c -c- , a-cl crs c -t I c-c -  c - c - c - c -  i’ - ,’’- c - c - , c - c -c- 1 -

7 c -c- c- c - c -  c - - s t  i c - c - I ~c-
’c- ‘‘

— c- c - c - c - I 1 c - c - c- ’ - — c - ’ - — ’ - c - c - k - i ’c - I  c-c- c - :~ - i -‘c- c-i - ~c-~c - c -~ c-c - - c- - ‘ , ‘ , ‘ ‘ c - ’ s , ’’ - -
— : c-~c - c - c -c - c - _ d i - c- -

,
-; ‘ c - c - c - I  ‘ c - c - ’O p t  ‘- c - a k ’ :, c-s c- c - i  c - s i x  ~ st ‘c - i J l c - c -  , i i ’ - ’ ,- ‘  - c - I c —

cc- c - c -  c - c  c - s c -  ‘ ‘ i c - s c - , c- c-c- - c- — ’ , ’ , to ‘c- , c - r c -c- c - : c -  ac- c - c - c - c - & c - c - 5 c - c - c- t v _  - ‘ a c - c -_ c- c - c - c -c - c - c- -_ ‘‘‘ c - c -  . 1 ’  h-a ;

c - c - c -  ‘ c- c - c - c - c - c - ,’ : c-c-— s - c - - , c-c-
c- I :o c - ,, ’ i c - c - r ’  , c - c - c - c - c - ’ c - - ’: s c - c - c - t c - -, : a c - c -’ c- ’ ’ ,

c--

a .  - :- - - ‘  - - - c - i

I i ’  -t  ‘ i - n — c- ’ I c - c - ,  c- j c- - - c -c - ’  ‘ ‘ c- c-n c-c- — - 
- 

- ‘c - c - ;  c - c -  ‘ ‘c - _ c - ’ - ’ :. r ‘ ‘ c - — s -c - i  - ‘c-- c- ’ ‘ c-c-c - : - c - c - c- s c - c - a c -
‘I c - c - c - - c - a c - ’ , c- c - i c -  ‘ c- c - ’ ( -4_ c- . - - cc-c- - ’ ‘: ‘‘i~~~ c -c -- ‘ c- - ‘ ‘ ‘ : - ‘ ‘ c-, , ’ - , -- ’ ,

t I — c - - - ( — 1 .

- ‘ -- - . --~~~c- -~~~~~~ -- c-” .
~~~~~
---~~~~~~~~~ ---‘ - -~~
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9. ~~~~~~c - s h c - - c - c - -  - ‘ c - c - c-

If I c - c -  c - c - ”c - c - c -,a l c - , c -’ c- c - c -’~c - I o r n c - c - s - a t - J . c -  cc-I’ population occurs, the impact is pos i-
t ive + ) .  I s  t i c - c - c - - c - a - c - c - i c c -n i,c- c-’auc-scc-c-c-J, the impact is c-c-ec-rative (_).

10. Health and Safety

Iflciic-o sc - c- ri ’ of specific diseases , incidence of accidents , utilization
of services- . Police and fire protection.

11. Eb~pioyc-msc-nt

fur  c-p J sc-c- and spectrum of opportunity , and unemplo~m’c-ent , by relevant
sectors ; educat ion level , skill , experience , sex , age , ethnicity .

12. Income

By relevant sectors : emplo~ ic-ent , profits , welfare , other ; income
distribution; level of affluence or poverty ; disposable inccc-m - .

13. Cultural/Educational Activities

Life styles (demands & consumption) : demand for and consumpt ion of
education , consumption of material goods, consumption of non—material
services , household goods , leisure goods ; degree of social atomiza—
ti - - c - c - c - , job search;

Ava,ilability and access to unique , cultural and scientific sites ,
facilities , etc. (supply);

Quantit:y & quality of fonr~ l educational opportunities (supply) .

114. Rublic Finance

1~ — c ’c - i  tax bare; county tax base; state tax base.

15. C’c -c - c - ’ -  - c-st  ton

c - i c - c-arc -f ity  of - 
- c - c - c - Ic - c c - a  si c - si t,c-’ ; quality of opportunit y ; c - c - c-c -ti a , l P l c - s t  c - -Th at icc-c-

‘ c c - c - i  5jc -c- c - c - c -~5c-3 c-5 i l i t v ;

c- - c - - c - ’ : c - I I ’  i c - c -, ” , i c - - s c - i t s ,’, hoc-Ic- usc-” ,c - w i c - T r s i c - s~” , c-c-c- 1ic-’~ c - i c - sg ,  c - - I c c - l c - ’ ,
c-c- c- c - !  5

’
, i s- c - si t ic - c- ic , sc- kitnc-s”,, c - c -k i t  tag , etc .

I” . A- -at - a  I c-c--

Ic - ’ c - s c - - c - ’ ’c - l ,  I c - c - c -c- c - I  O ‘ ‘c - : - c - c - i ’-c -cc - ’c - c - ’ c - c - t -’ t I  c - - I -  ‘ ‘ c-c- ” c c - t c - c - n’- c - c -  c- I c - c -  c - L’ c - 4  -

c - I  - ‘c- ’, ‘‘ c - h  I c  c -t’ ,~ - c -  , ‘ c - - c - i c - - c - ’ :  , c - i c - c -’ r c - c - - i r c - c -- ‘ L~~- ”L ’ 5c-’c - c - i’)Ol I’ ‘ ,‘ - I—
- -pc - ’: - c - c- -

- 
, parki c - si ’ c- - ’ ’ c - c - i  c- c-c -c -c - - c - c - c -_ , - - j c -  c-~ ‘ c -  ,c -c - ’ ’ c-’ ’ — ‘ - -

~~
c - c- 

c - c -’ ‘ ‘ i c- ’’ ‘ c-, - - c- ‘c- a - c - I
‘‘ ‘ ‘s ’- c - ’ y ,  c - - c - i lk ’  i~- i i ’ I  C c - ’, ’ , c - a c - l i e ‘ c-_n’ c-, c - s c - c - : c - c - ’~ ’ c - , ’ 5- , ‘ ,c- • ;

— I I — c-c-’ 

~~~-— -~~~~~~



- c - c - c - c- i’ - c- c -  - c - c - c - :  ~‘~~ - s c -  ‘ - -c - - c - :; ‘ c - c -’’. c- -
‘ c - c -c - i  ‘ I c - . ’ ‘ 5 c-

c - c - c-~ c- a :  c- ~c- ~~
i c - :  ( c - - - ‘ ‘ ‘a ’ ‘ , ,  i c - s c - - c - c -- ’ ‘ - - :  c- 

~~~~~ ‘ I

: 1 ’ , ,,’ . ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~ c - c - S . , ,  c- ’ c-~~’c ,- c - - . ’
c - c -- a , i l - c - c - c - c -  c - c- c - c- ’ - ’ c - c - ’’ - - ’

c- c - c - t i c - S  c-a- l ’ ’ - - : ’ c - - O c - i , - c - c - c - - ac - c-c- , Sc - . ’ - ‘ c - i c - i  c - ,  — C c - - c - a l  c - c - c -.

‘‘ ‘ c - c - ’’ c - s - c - c - c - c -  tc -~ c- c - c - c - , ‘ C ,  c - c - c -c- ‘c - c -’ ‘ c - c - -  - . Y’, - c - ,’ c-, c- c- ’, c - c - c- - -  - : c- - -  c - c -_ c - c-

- ‘x i a ’, i c - c- ’ a t c - - - : - t c- c- - o c -’ c- hc’ c-c- c - c -c - ’: -, c - c - c - j t -: . ( so , s c - ’ ’ c - : I l ic- ,a ,,~c- c - c - —
s - - a i c - c - c - i  I I  I t :  n c-~~c-si , c - c - i sa c -gc- c- I: c - - ’ ’ c - c - j ’ c - ’ c- ’,, -- c- e,,’- ’,- , c - c - a’

P - a i i t i - c - c - c - I

- ‘ c - c -’ I c - c - I  c - c - c-. c - _ s c- I c - I  n c - c - ic -c- c -c- s , c-:c-~ c- c- -c - ’ l.a I - c - c - c - :  ‘ c - c - .  c- I: - ‘ ‘ ‘ , ‘ ‘c - c - - a - 
- 
, 

- : ‘c- c - c - . ,
ii: I t  i -c - c - c - c - i c- -c-i- .- Oc--,c-Eia ’Pi’flEc-c- .- , i ’ :c - c - a c - , - c - -  c- . : . ’ ’ I , c - c -  - a l ’ c - ,  - c-

c - C c - L J L c -  c -I

c - - s c - c -  ‘ c - I , c-c- c - c - - c - I c - c - I )  Dc - ’- - c - c- - so,’ c - c - a c - :  c- c- c - - - - c - . c- ; 
‘ ‘ a I ly a c - c - ’  c - c - ’ ’~

c - c - u -- c - i  c-c - )  c- c - c - - i c - c - c - , ,  an “ - ‘ - c- n ’ - sc-s t c - s c - ’ : -’c,, a - - - - ‘ c - c -  c - l h c-.c - . ,  -: c - i :
c - ’ - c - ’ ,.’ ’ - s c - - S c - c - r c - , c - o’’ c-c- : i c - c -  .i. c - , ’ sc - c-’c - c -’ ’c- ’, i - c - . c - , ; c - ’’  c - - i c - I , ‘ ‘. c - ,,’ , I , ‘ c - c - c - c -  - 

c--c- c - so - c - c -c- - c - c - , ; f-c--n ’s c- : a c -nc - c - -’ .’ ‘ ‘ ‘  
- ( e . c - c - .  , i lc-

c- c - isoc i -:c - l  i - c - , c - c - c - h c - c - :  c - c - I nc - cc , c- ’ ’ ’ c - i t ’  c - - - , I s , c - , ’ ’ , - :, ’ , ‘‘ c-c- , . c- ’ c - i l , c- s , .
11’ c - c - -c - - i

‘ c - - ’ c - - c - c - ’ ’ , ’ - c - c - ’ i ’ ’ ’ ,’ ; c-~~’ c - I : t c- ’c- c - o l a - ’. — - : ’ .c - i

_  c- - - -  ,~~~~~~ ..
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‘ c - i c -c- ’ c-c -cc -sea -c-c-c-c - erc-c-c-c-i aa c-’l is I I  iac -strc -at ’~ : b y the f ,c- l I. c-a c-,,- irc-a’ c - - i c - c - c - c -  : s i r c -  c - - c - c c - c -  - ‘

S L O P E  =

S E N S I T I V I T Y ,,>’I M P R O V E M E N T  OR
I N C R E A S E  (+) RE L A T I O N S H I P  OF R E C R E A T I O N
I N  R E C R E A T I O N  

I TO S U R F A C E  WATER Q U A L I T Y
(H U M A N  A C T I V I T Y ) —

,

I M P R O V E M E N T  (+) I N  S U R F A C E  W A T E R  Q U A L I T Y
(P R I M A R Y  I M P A C T  D I M E N S I O N )

Her e tic --c- effect of surface water quality changes on recreation is depicted .
The sensitivity of recreation to changes in surface water quality is re-
presented by the slope of the curve at the reference surface water quality .
In this case, an enhancement of surface water quality can be expected t c-c-
enhance recreational activities . Hence , the slope of the relationship is
positive. In the B matrix , the cell value describing this Ic -c-c-c-c -c-a-at rela-
tionship would thus be positive, and its magritude would describe the
degree to which a “unit” enhancement of surface water c-~ua]. ity  wou ld cc - c - —
hance recreat ion . For all of the evaluations , the reference poic-st is
present conditions. Again impacts are quantified on a scale of —3 to +3.

Unlike the Primary Impact Table (A 1-latrix ) , the Human Impact Table
(B f-Jatrix) as defined is not system element specific. To re i te rate , the
P matrix interprets the Impact on environmental elements into fC c - c- c- f tc-eat
on human activities. The effect on human activities is system specific ,
but the relationship between environmental elements and human c-scti’ntt Ic -c-c

Is not . As a consequence , the B matrix evaluations are not made ic- , ‘he
context of a particular system . Indeed , relevant parts of the B c - c - c - c - c - c - c - a ix
might be used to describe the effects on human activities bc - c- ,c-c- c-

~~f Di’ - , -s , i~by environmental changes produced by a public h1~’hwc-c-y sy st e c -c - c - c-c c - ’ a ~ r c - c - v : c - t c - -
bc - c - I I Ic - IL-c-sg as well as to the wastewater management syate c-c-sa s ’c- — c - - w ic - i : I  it was
irster’d ed . To do so , directly , however , presumes t i c - a t  c - b c -c- ev c - c - i ss c - c - tc - c - c - ’ a  were
not imputing certain typ es of impacts likely to he as socJa t c -~t w i t h  t i c - c -
systems under study.  As intend ed , the B matrix c- ic-c-c-pl y -Jec-:c-’i’c - c - c - c - -rc- tic - c -
rc-ianc- It. uc- .Ie and direction of the pheno meno ic -c-s ’ic-” c - i  c - c - - l c - c -’ ~- c - r : c - ’ ! : l c - a  l - ’c- s’:c- . ’ c - ’ c - s
c - c - bc - c-c- c - n c -a c-  In thc ’ envic--oriment and c- ’c- l~uc-c-’es in tc - ’c - c - c - a c - c - c - s ’ i ’ , i t , i c - .-a , i c - c - ’ - ’;
- c - f  ~~~~~~~~~~~ of those changes . A sample of the f’nnc-: c- ,c-~~i b c - I c - c -  c c - c - c - c - c - I , c - -c--
c- o r-: ’ Is c - c - i c - c - w a  ic - c -  Table Fc-—II—6 .

IFJI-JAN ACII’TVITIES lic-TACt’,S OF I”YISTIi-I c-c- c-c- c - c - c - c- (C Ic- -u i I-: )

c- c-c-c-c - c - c - or  to both the ic -c--trim -v Impact Ic-cl Ic -c - (A I- Ic -c -c -c - tx ) cs . c- c - c - c  c - c - a s s ,
Car a c-~ Tab - i c - ’ (B f-I- c- fr- I xl I a the vect c c -p  of pc - - l c - c - n c - - ’ :  i c - c - c - c - c -- c- ‘c-, i ic-’:c- ’c- c-a ‘ - c - c -’- (I ’ .
Ve- s ’ - c -c - -). When t ic - -. ’ i ’airc-c-n ’y ic-spac- - tc - c - c -  cc- f’ a !-c -c-c - ’t I c -n I - c-c- - c::aS ‘ “a c - c -  c - c - c - ’, - c - c - .’ (c - ’ - c -’

c - Tic -ni x  A) are m u l t I p l ied , cc - c - - a ’  I c - s  t n - c - c- , I’~-,- c- c- a- - c - ’ : - - c- : c - s o~ ic - c - : ;  ‘ c- c - S

- ‘t’ s e c - I c -  primary i c - c - c - c - c - c -  ‘c - .  I L”nc-- -c- a c - i - — r c -  c-c - c - a 1 - c - c - c - c - t  I c - i n ’  !~c - s c -~c-~c-~ ‘ c- - c- ‘ ‘ c -  ( , ‘c- ’ L , c - - , c - ,

c - - c -

- -c-- c- . . - - ‘—  — ‘
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of: matrix  B) and the resulting product s t o ; ’ all the pri ma ry’ ic- c-c -p i n t s  c - c - i c
suic-~ned , a total lJup:tL’t score of t I c - c - s t  s\’ -c - t cc - c - ,  (,~1 emcc -c -t , c - c - C t  I c - c -~c- ~ c - c - ‘c- c - ’ c -~~j c- c - c - I l
enviro nmental changes , on ti c-a t huma n c - 1ic - c - c - c -’ c - i sio n is produced . ‘l i e  s>- -~ c-Tc-lc-c-
Element Impac t Table IC Matr ix )  is the result of such an operation ftc -’
all system elements and all human d isc-tensions (mathematically, ( , -\) x ( Ic -~
(C) . It builds the relationshi p between the changes in sy~ tci:i c-l ec-c-ients and
t he changes in human activit ies . The multi plications c- c -nd s c - c - c - c - c - c - c - s t C- i : c - -  c - i r e
al gebraic in their si gn conventions (+ x ~ + , + x c- ~c- + , X

so that impact directions are properly accounted for . In order to d c- i n l y
how a negative (-)  effec t times a negative effec t can be positive , the
following example is offered : a negative effect (- )  on air quality does in
turn exert a negative effec t (- discourages) on imm igration to t i c - c -  C-SlIM
area , however , inunigration is considered ‘Tbad ” (-) by the evaluators , so
the resultant effect is beneficial.

1-IUI-lAil c- ’\ c - ’c- c-c-’d’ c --Ic-- U E I c -’liiTf’- c - H  VECc-Pc-DR)

Tic-c -c- c ic- i
~ c - .  c-c--sc , activit ic --a upon :1,1 a c - c -  tic -c c-c--c- ,-c - ’t ec -r c- ic -c- c-c -cc-- c-c - i c - a  c - c - c - c -  a I c - :c - i  - 1 - c - ’

need c - c - c - :t bc -c c-c-c - c - c - c c -llc-c-c-cd t c -  have equal i c- rc - c - c - ac-’ t -a c - s sc c - c -c - i c - c -  assesic- ic-c-ic-’ c- _ c- c- S -‘ c - c -  i c - c - c  - -c-
scores. I c - c - c - I tc-~ c - c - , -c - c - c - Si c - icc - -a- -c - c -~ c -c - , c -  of a- ’c-rm - c- h -crrc -~ss  activities may be ‘‘i c-c-nc -’- I c-c-c- ’.
h - c -vi ic -o c - se~a ct. I c - c  ( . a . s i c ’ c -’ i c - il. I c - c - )  values . To ac-pc--c- c - c - c - c c - c - c -  the ar-c- c - c -c- c - c - c - -c - c -. - - -a fcc-’
c- l i f f ’enc- .c - c - c - t  c-ic c- c - i - sic - ic-c c-c- , each - -c - ’aic - c at c - ’c ’ was askcc-c- - c- f , cc-  ao c - c - i a ’~’s a relat i s . ~- c - ’ i c - —
it y  ‘- -c-tc -ia’j c - c -  (c - c -c--c - - s i c - s  — 3 to +~ ) to each human c - c - ct i ’ c-c - i ty t o  r~~f’1a’ ,’t U i - a  I c - - —

abilit y of ec-c-bc- -u i c ii ’sc- c- or c - c  int ’orci c-c-a ’ the c - - c - c - ac - c -c - c - c - c - . condition of that ‘ c- c- ’c -~ i -c-i c- 1
,

c- e tc- ic- i c - . ’ c- ’ 0 the c- c - t i c - c r  c - i , ’t i’s i.tc-ies . A sc-c-or- - c- of + -~ for’ c-c- c--: act i ’ c- ’ i t c -  Ic - ,; I , c - ’ c- c- -

t I s c - c - c -  It  C’ - x 5  c - ’ c- c - ’ ’ - l y - I ea - in c - t~ le to c -c - c - c - c - sc - c - c -c-cc or c - ’c- i c - c - h _c - i ’ c-’ c- ’ c - - i - c - c - i t  c - c - cc - t i v c - t I .’ , c- ’ c - c-~,c-
i ’c -- c - ’c-,I c - c - c -  and c - c - c - c- c-c - I c - , c - c - l i e c-i — -c - c - cc - ’- . - oc-c- ~~‘c- i c - ’s c - c - i : c - c - t.c- c - c -  Us c - c -c- i t  ic - c -  c - ’c - c - - i - - - c - --
unj c-siac-ila Ic- - - c-c -c -c - c- c -c- c - i c -  c - f t c - c - c -- c- t~ i~c - c - i t-  act i c - - c- i t  y, Sc-c -Ic- ’ cc-c-ic -nc-c -n-c- c- - c - c - c - c - .  c - c - c -  t,i c- c- -

I~ c - c -_n -c - -a. c - c -
~ c-e c-Ac- c- c -1a ’c-c-t  i c - cc -c - c - -  ‘cc-c - 1 ,- c - c - c - c -  - c- by - ‘c-i cc- b evc-il c - i c - c - c - a c -i’  wc-a’c- - ‘ c - c - c -c - c - ’  c- — - c- ’ ’ -- S c -  c- c-

c-c-c- f i’:ic-c-; S . - .c- c - c - c - -c - c -d c - c c - c -c-c-- a 1 c-’auc- c - i c t i c - ’c - t ’ c -  ,c- .’t c - c - c - c- c - c - i c - c - a ’ scale. A -‘c -’c - c - I c -  - c- c - f ’  t i c - -  -
f- c-pc-c- . ‘ c-c-c-c- ’ a; t c - c - t c eva lc -c --’c -t cc- c- ’- S c - c- c-Is a I c - c - c - c -  wE-ia ’iS t , c -  is ,~~c - c - c-c - rc- ‘-c-a ‘ I c - i t -c - I - - ’ I - — —

I t  ‘a c- c - c -c - r ’ c- c- c - ’t- ’ c-c-it - - c - -  ‘ - . c-cc- c- ic-a -- t i c - c - c - S  t i s - ’~~e s’,’ c - i~ c-c-~ t ic - :, c- ’a cc - c - c c- I ’  ‘ I ’ ” - - a c - , i  c- ,
or c - L c - , ’ i c - , ’-’ - c- - c -  f -c - ’ c-i c-c- c- ’ - ’ c - c -  c- c-c -c- i s c - c - c - ’  than t c - i ’ .- c- ” c - c - c - l ’ c - a c -. - c - c - ’~’ t c -- c - c - c - ’- - l v c - c c -’- .  In “ c - - c -  , 3

~~ ‘-c-.c - ur c -  -c-c-c - f c - c - - c -nc - c - c -c - c- ’ rc-~ r - ” - ’’xr - - ” c - -ic - c - c -c-ced Ia c-~~ 1 I c - c - c -” i’fI V’c- ’- - i c - c - f l - i c - c - c -  U o c - ’ , - c -  ;c -~ c - .
should be c-c--ac-ic-c t ’c - - - ‘c-dc - c-c-c-cc-c- c- nrc-c-sn ‘-c-ct ic -c - i t  ic-a c - c - c - ia ’ i - c- i c - c - c -  a c- c - n c -’ c- ’- -  c - c - ” ’ - - c- - c-c- ‘ - - - - -

t i c - c - c - c -- , ’ c - -i - c - ’~~ i - -a. A.c- “ciii ‘c - c - c - ,  ~~~~~~~~~~~ c - c - a - c- c - c - later- , c - c -  small c - c - c - r ’ c -~ c- c - c - ’  c - c - c -’ ‘c- I c-c-U i c - c - c
c- -c - c - c - :’ c- c - f - c -  c - c - i c - c -’ :  c - ’ c - a c - c -c- - c- c - c -cc-h cc- ’ c-sc -c-
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I L c -c -  I S c- c - c -c- c - c - u c- cs(~~~ 1 1 ~~~c- ~ c- c- ~oj 1 c- ii c-c -

c - c - c-ac- . -- . - Ic - ,  - l .I, i ’c- .: c - c - t S  c - c - ( from c- c - c -  c- c - i c - l y e  to c- c - c - c -y c - c - c -’ iv- ” , ‘ c-ic-c-c - )  of Ic - c - c - - c - c - .  I’~i Ic-
c-he  ,c - ’ C ’ c - c - i’’ c-c-s f ‘ c- c- c - ’ i ’ ” ,c-c -c -c- c- c-Yc- sc - c - ’c- c - c - c - c - t c - c -c-, - c- ,c- aJ c-c- c - c - c - c -S c - c - -c - :  to c - c -~- ’ - ’:- c - l c - ’ c- ’ - -d ic-c- c - c - - c - c -

- : ‘fc -c - c - i-t C ‘ c-cc -’ , c - c - c - ’ c- ’- . , i c - ’5c- c - c - c - f -c - c - c - ” ’  (c-c- i ’ S I c - c -  ‘ i c - ’ c-c- s c-” - , c -  ‘-c -- ’ c - c - c -_c- ’ l - c-c-c-c-c-c-c- - ‘c - c - c -  , -c - - c - c - c - ”.’c-”.c - lJc - c-

f - c - c -  ac-u’c Jv  - c -  - c - - c- c- c- c- c - c -c c -  c- c-i l c - - J . - , c- ‘c - c - c - Il (in totalit y) , at least in term s of
tic-c change that  mi ght  be measured in some small portion of the reg ion . The

cv c - c - lc - c - c - t ti c-n scheme is designed c - c - c - c - ic -,c- c-~r c-g:c -t e many sma l l changes , c- - c - I ther than
to c - c - i c - c - c - c - s c - c - c --c’ a fec-c large s c - c - c - i c  changes.
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c - Ic - c -if-c-I HI III : r - c - 1 c - c -
~~ ~~ ‘?AlaTE “IF ALc-FERyATIf --f ’- I .:i’;’I Ti-: I

‘I~c - -c  -c-’i c - -at ic - c - c - I ”  I . r ’- , the H _ i c -c - -c - c - c - c- ic-air ; o orcc-c ’of-c- each of ‘Cc-’: ,y,rstec-’~ ..

c-c-,erc-5c-s , c-ic -c --c -c - t lc-o-ac -c-’b c-c- ~~c-c s:.’:c -ter -s_ c - -or c - I c - c - c - c -nc - c - c - c - I - c - c - c -  , ‘at ‘c-act of c- i~e ~~~~~~~~
l.c- -c-i “c- ‘ c-j Lr c- - c - S.- c - 5c - c -  , c - c - a . It I_ c - cc-ct ”.: tha~c- f-~,c c-~c- c-c -c -c -~Jc -”c-f- I ‘c - - c -- c- c - c -’c- i c - _ —c-c-c- c-at’S n c - c - c -c--nc-c-c-al.
ic-c-c - c - c - t a -  cc -c - c-I-c- c- s c-c-Sc--c-c-c-r. c-c-c- ’c- .’ c-ac-c- c-c- S. ol.earl~c- c-c-c-cc -c-r :, , - :  : , . .I c -c -tr- c-’- c’ s_ c-c- c-c- f- I H c-v c-c-~~c~c-
serve p s ’lc - c-’ c- ir c- li~, c- to allocate the lc-c-~cactc -c ~i :-c-cc-” c- c-c-- c-c- ‘ c - I .  - c - ’ ’c - c - -.’ a~~ ng
the c-c-’c-u lt l r - I ’ c- “c-pc- c-jc - c-c  -c-c-c- f h’c-s_c-aarc- tct c -~ ’,’ c - f - v  arid to ‘ f - c - S  c - c - r c - c - ’  ic -’ -: ‘c -h o ex~’ er.c- c-

~~~
c- t , , c - c -  c- c - - c - r - s _ c - c -- , ‘ Ic-c- ~c-’c- ct :- a f fec t  the cc - c - c - i _ i c - c -  of f-c-s_nc-sc-c- ac- ’~ c-H c- : . la-cr ‘-c- c-c -’J ze ,

c - c - ’  ‘ -c - -- ‘ c - -  c- , c - i c - c - i t  t .he l, at ’ac - c- c - c - rep-c-cr-tel reflect ‘H c- - c - c - - ’~ ‘- c - ”  c-dc-a-’- c-f-ar Sc-he S c - c - c - c - I  ‘ — ,.d’C ’l 
, c - c - - c - S c - c - - c -  l~~,- c J i c - c - c -- c- :Lnpac-’c- at any one c- c -  c- c-

.

l. ic-lS ,c- c- iT TA.BLc-E ( A  IiA’T~H

i~c-c - c- c - c -  c - m c -- - - - C ~c-ir’,c- I~aa c-i-cf - sc -c r c - c -c -a arc f t c - - c -”’ r c - c - n  c - ” - c- c - c - ,  ‘Cc-c- Ic-
c- c - : ’ c- ’ - c- ’r c- ) r ’ “ I c - c - c - ’  ‘r-c rc-’c-ticc-”c-c-il A r a a t r - c - - :  th c -c -c-Sc- c - a , ac - c - ‘ c- ”c- ’c-c-c-c-’ ’ Cc-c- c-.c- c-c- s c - c -~~

a - c -’, ‘c--c- , Ic-c- ca-c--i’. - c - f  f -h- c C’ pr-ic-c-c-ar-c-’ ic-c-c-~ca-cc- c - I c - - ,c- c - a l  c- _ c- f c c - ’  c-ac-f- of c-c-c-”- Ic- c-c-c-
c- c - c-c-c-c-c--c- -n , - “1-nrc - c - c - c - c - c- a .  ‘ICc-c- c- -c-aloe r- .c-c- ctrtc ’c-I is 5,f - c - c- ”c- ’, c- - ’ r - c -~ c - ’ -  c - c -’ - ‘ - la’ ’acc- sc-crc-c-c-
c -cc -- crc - S -c-- c - c -  c- ,- -c- c - c - i c - c - ,  - -

- ~~- .c-c-c-’.- i c - ’ c - c -  c-cc-c-ri r~~r~c-e r .  -~‘c , ’ c- -c - - e1er~’-c-as c-- c - a~~ ar~ ed
- , - c- c-

~~~~
’ c -  sill”; ‘.-:~c- .i l - c- 

~~
c-c- C’-~~~~ c- tr~~ast i c-c-c-- c-ac -I - s c-r-c- c-- ‘ a~~’ c-c-~c- . c- i’c - c-c - - i ,- ’ n c -~~~1y. T~ , c - c - a ,

- c - a c - h  c-c-c-c-c-c- c c -
c- t ic - c -c -’ t ic-f- I c - - c r ’ ” c - - c - -- . c - : c - c - ’ c - c - S , c -  t i c -c - c -  c-cr -las _ ac-”’ ic - c - c - c - : ’ ” : c - c -~ - c - , - . tc- c-c-a ’ c-c-n e,- c - ’~ ’t_ .

P.c-c-c- it i c-c-e c-c- -c- cr-c - ,’ c - - c - - c - c - c - c - n  c- c - arc -ic c - cr - c - - c - c - :-’- c - c - p -c - c - Ic - c - c - c -_c - c - c -- c - c - - c - c c - c - ’. ’ ; - sc - cc - cr ive c-c-crc-cs , a
I c-c - c - c - c -c - c - c-c - a - - - or c- - c - c -  c - c - c - - a c - i  ‘c-c-.

icc--c- c--c-c - , c- . c- ’c- c-mec-f’c-c -1, 6 , 11, 17 , 22 , c-s_ni c-~~ ’ are ’ ’ , - ’ ‘ ‘-c- c - c - - ’- ’ : of c-iifc -cc -~
c - c - c - c - c - I -c-’-”' I ( c - c- c- c-c-- te st  1) , c- f-c- ‘ -i r ‘c- -c-

_
c- c- . ref’r’r,’-c-’c-cc- “-a ’”-’ . (b r - i -c-f  des -crc -c -” ions

-c - c - f tic-c-c c’ .I,e c- c-c -c -cc -H ’,c-- are ,c- h c-c-c-c- -,’c-’c- ic-c- ‘h ic--IIc c- T—C c- c-- .) . Ac-c -ac - sc - i’ , ,  Cs- I c-c-c-c-nc-c- c- c--: c-”- c -~ - c-sc- - —
f - j4~~c-c- c-c- c - - t l ;  c-c-c-S to 0.0 c-c-Ic- c-d f- ic -c - c - i~~~’~c- c - c - ’,c- c-f -c-s_c- c- c- - S f-c-c-a- a - c - a - c - c -- c-c-c-c-c-c-c- c-c- c-n c -” - . ‘v - c - I , c - c - c - t- ’ l
rd c-c-c-S. i c-ac- to  c- f -c - ce of a -Ic-c - a c - c m  1.

In sc-c-r - - , c- ” I c - , I c - I r ’c-c -c - the sc-crc-s ic-n f - c - s-c -’ I_c-c-c- c - c - ’  c - c - c - ’ - , c- ’c-c -c -c - l i  that each
‘- ‘c, ” - “c - c-c- c- cr c - c- c - c -c -c- c-” - ’ c - ’ c - ’c- c - - c - c --’- c -c - Sc -a a colic-ct  i. orc- of’ c-c-ac- c, ’ I c - .  c - S c - i  c- c - c - c - i c- nrc-c-pcc-rc-ec-’c- t a  ac - c -c - Ic -

a r c - c -  ¶ c - ’ c-  ic - c - s-cc - c -, n- c-c-c-c-~c- c-c- , ac - c - c - c - c - c - c - c -c-c nc-ca ’ c- ’vc-c-i.sc-a , c - r cc-c-’ c - c - c - c -’ n c-c- c- ’:, - c- ’ c- - . Al -ac ,
each c- rf’ c - ’c - c - c - - ’ c -  ‘ -‘c-- - c - c c- ’ -i ’

~~~’c - c - c -~- - i  at is a cat - -c n c - -S o a l  c-c- -c-rc-c-” “c- c-’ nc- c-n y
c-

c-
c - c - c -c-t sr: . An S.c i l - - S  c - a c - c -  -c - - c -.c-c -’c- i- .c-ac- .sn , I c - ,  -c-rc-c-cc - c - S c - -’ i c-c-si c- ’ c - ’ ’ c - ’ ,.c - c - c - ic - c -c- ’s ac -c -c -ac -c - i c - c - at

t c- c-i. c-~
4’ c- ‘c-c-”' c- -J c-c- -‘ a “c-c- ;

the rc-c-r5’,- fl.’c-c -tc -. r’a- sc-c- ’ c - c - s c - ’c-c . i ‘ - c - i c - i ’  a si c - c - I - - iCc -sc - - c - c - c - i c -c - c - ,  cc - - c-c- - c- - ‘ . T i- -’ ic-’~c-”ac-t
a-cc-c-c-rc-’- c-~

c-
~~~

c- c - c - c - c -- i  c-a ‘c - c-Li : , - ’ oVrc- c-c-’ c-si - ““ - c -c- I c - - c -’ : c - c - ’  ‘‘ c- -c-,” c - - ”. c - ’- ’- ’- ’c-c- a c - c - c -c- c--c -a-c-
c-c-c-c-er-all  “c-c - ’ , c - - ac- , c -r c-c- c -c - c - c -  of i c-c-c-c-c--Ic- ’. f ’c - c - ’ c-c-c- tc-ar’ i c - c - , l a r ”- - ’ c - ’c - - ” c - , ’ - u , , S  I I - ’ - - ‘ i - c - ’. .  ‘c- ’ - ’S

1’, S c - ’ ‘.H , c- c-a S - c- c -c - ’ -c-c-’r- ’ f-c c - c - - c c - a c - I c - c - c - c - c -  I c - s - ,‘ c-’- c - ’cc- c -  C c - c -’- c - - c - -c-ac - cc- at c - c - c - c - - H  c- c - c - - i ’:—

c - i c - ”- - c - ’ c - - c - i c -. . ” S c-c-c-c-c- ; c - c - c - i c - ’ -- - I a c-cc - a t t i c - c - c - i c - a r  ‘- c  -c-’”sa - c- c - c- o r- c - c - , c - c - c - c - c - c -  ‘ v’c- ” c- c-,- ’c-’ Sc -c - c -s
arc-c- . t 5 . k c - c- l~ c- c- to be cur-c-c-r -f l  :1. c-c-i c- f - ‘c - c - c -c-c -c - f . C’ S c - ’ c - ; a -~c-f ’c - c - l  , I c -  ~- c - - c - c - ’., ’- ”n , ‘ cc- c -Hat--c - - c - a :
c-c-- c-nc- - -a-c-,c-’- c - ’ - c- .i ‘ - c - ’c -c - ” a - t - c - c - - S a S  Sc - c - c -  of “ c - c - c  c-’- c - c -. c-”c-”c-rc-’ C- c- s~- - c -S - c - c- c - ’ . .c c - . Tic-s” c iSc -c - c - c - c -c-c -i -c -c-c -,

c- c- c- c - a c -c c - c - c - cell c- “'c-c-c- -“ I ‘c-c -F, le — — i

c - ’ . or-c-ac-c-.l ’ c- c-c -’ c - i ‘ i c - c - , c - c - c - i - ’ “ c -c - 5 1c-c-” 6 
c- _ c -

~
-c- c - c -c - c - ,~ at c - c- c - - c - ” c - ” c --. ’, c -c-c-c--f’ ‘‘ c-:’ -c-c -c -c -c - : c- ’H-c - c - c - c -’c-’ S c - .

_ __ _ _ _ _  -c-
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c c - c - 
‘ c- 

~~
c -‘21aA’ Iii c-c- . “, . ‘ i  ‘- II ,SI ~. 2 ’,’ c-c-c- c - i - :

~l’i c-c-’c - c- c- : c- c-c -c-c -t t c - 5 ’,,’,c-,c-c - J c -  5 c-c-c - lI. C , ’cc - c-ive c - i ,-:- c-c-lie c-. ~ ,c- - ’ , , c-c-’. s’ c - c-~’- ’ , c-c-s c- c-i Sc - c - - c - a t—
c - c - c - - c - c - . c- c - f  c -c -c - ac -c - st I - -

~
‘ c - i c - ,’,’ ac - Ti cc - ’ ‘ - cc - c - c - -, oaf-c-c - . , c -

~ ’ -ar c- c-c-c-c- f ’ ? I” , ,  t i c - c -  I’— c-TII I d - i c-- - c - c - i c -c - c - ,
a ‘c c-c -c - c- c - c - c - c c - ’c-. ’c - c - c - - .‘.,c-- -c - - - i c- c-c-t ; - s ” _ c i _ c - - c -’i C, c-h’s c- - - c- c- c - c c -L i f -r  ‘ c - c - , c- ( ‘  , c- c - c - c - ,’, I ) .

As sc - s c -c - ic -, tIc-s’.’c-c-c-e - c - I c - - c - c - c - c - c - ’ c -, ’ s c - -I c -c r - -c - , 5 ’ ,ic-.c-;c-r_ €c -- .ci to c - c - n c - c - c -  abc-c-c-c-c- c- s i c - s f - c -c - c - ,’ I-i c -c- ‘a - - —
c-c- ,c-” c - c - t c - c -  in c-’c-c - r f ’ac-cc- c- s - c - c - c - c r ’  -~‘,c-c - c - I l t c -  and ‘~ c- sOc - c- t I f - ’ ,’ ( c - I c -c- -c-’ , ‘c -c- .t c-c- - c - .  c - c - c - c - c - f, f - i -c- c-- c-c-c - c -c -c - —

c- c-Ic-i c - c - ’ c-c-t tic -c- c - I c - c - S e n  5.0 5 c -’ c - c - ts’ C ’c-. - a c  -c- ear, f lows).  , cc - c - a - - c - r c - c  c- ca,. ‘ i c -c- c-c- c- :5’ c - I c-c-

‘ . -c-c- -i ic-c-c-c- c-nc-ec-c-t ac-c-a - ‘c-o’c - - , ’c f-e .1 Sc - c - c - c - ic-- c- c- c - c - c - c - i -  ,c- c-c - c - c - c - c - c - I  , as usc-c-c i- c - -c - c -c- ac- c- c - f - Icc - , ,  ‘c-c- I c-c-c- -c- c- c-c- c-c- a c- c- c- c-’ ,
,- c - - , i  c - c - .- the c- c- c- c - c - t .t c-c-c- L f c - ’ P c -  -c- ac - c - c - cc - c - f - c - c -c- i  c-c-c-at ~~~~ ‘ c- c - cc-ñturai land use ‘ -- “ c- c-I -I 1’ - -  c - C r c - i c - c -—
i a h - ,. c-i -c - c -n de ,c-c-,c - c - a - i c - - i  c- c - c - c - c - i - ’, - c - c - , ”cc- as a result of c-c-c- ’ f c-c-risc-c- land c- c- 511 - c - c - c -” ,I c-If -c-a’ f - c - c - - c -

c- c - t - c - c -c -~c-~’, ‘ c- c- -c-- tc --eatn~ c- ’c-t . :‘,‘a s lj j  c- ic-s .

‘ c-c-,c-,c - c - ’ negative ijT~c-actc- were ‘csc- r-lbc-c--c-c- for - :c - c - c - - c - ’ c -, ac-c-a ac -cc -c -c -c -c-c-c-’ c-c re—
5 c-c- i,’ ,, c -c- c -c-c- i :c-oc-~ isc-c- a id  sc--ia l .c - a t. sc- c- c--c-c-c-ii rec -i t -c-- t r - arc-c-’. c - - c - c - c - ’ c - .  i ic -  - sc c -c -t nc - ’ c - n c - n ,  one

c-r- ’ - c- - a c-~ c- . ’ f - c - c - c -  . Ti c - c - c - c - c - c - c - c - c -at c-ye C~~actc- ascrihcc-c- Cc- these areas ic- , cc - ’cane
I c-c-c- ‘i c , c - c - c - c - c -”, c - c - , ,’e ‘-c - i c -c - i .  c-he .. ‘ - . ‘ c - c - c - ’Tc - c - - x i t y  of the wate r -  c-c-c-c-’v’c-c-’,’c - c - c - c - c - ’ c -c- c- c -t i c-c -c-c - s c-c- nc-c-c c- c -c - , ic - -c-c-c-:

- - . : 2 1: leas t c-c- c- :c-qc -l c-c- x , c-~ .c-~ c - c - c -~ c-4 ic -c- c-ac-c-S c, c-r c -’c- c-- l c -c - c - x . )

‘ i -  c -I l l. ‘i i-’- ’,LiEJT IH ic-I c-Ic- a f -” ç c -c -~ , ’n~~~.

By fc - c - c -’ , c-c - i c - c -- c - c - c - c - c -,i cc-nity -c - c - c -’ the c-ic-c-p act scor-c’c-. wec-’-c c-c-c-c-ac- i c - c - c - c -, c-c-c- c-cc -c-c - c - I_ cl
c - n c - i c - i c - c -c - H - ’ s .  ICc-’- c - c c -c-c - i c - n c - c -  c-c-c-c-Or-c-c-- c - -c-c - S c - I c - of  the ‘ ,,- c - c - c - c - c - r rc - c - ic c -c -c- c c - S c- Ii c-’c-, c - c - ,i , c- ”c- c-- c-r-gc- ’
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native i- i ,c-, c- i p c - i  5 ( c-c- F c - i c-c- c- c-c- c- ~ c-c- c-i c- c- .1 c- ,, i c- ~ c- c - c - c-c-
srr~ller than f- sc -c - se at t i c - S f - - c - f - c - c - i l  t c - c -  t . h’c f - c - c -’ c - c - . lac-c-i c-c--S t ~ c - c - c-c - , .

c-’c-
~~
7j c-

c-~~~ i lYfI c-’Tiifc-S 11~~~c- ’,Cf- S c- ’
~’l c-’ iUc- ‘ ‘5” - c - i c - c - c -If-c-Ic -

- ‘ c- c -
c- c - f l l l l i c - ’ c -  f- c - c - c-

The array of’ c-c- c - c - f - c - c -c-c-c- c-I ‘ c- c-c - c - ’ ic - c -c - c-f- i c-nc-c- c-i-c - i. ‘ c-c- c - c -c - c-a- c- a -c -c -c- c- c - c - - c- I _ c - c - c-
~~

c- c-i l  ‘ I - - c- ’c-. c - i ’c- ’ c- c- c - c - c - c -

be t” c-c-r’c-c - i , c - c - ’ c - ’  c-c-sd’ c - c - c - - c -c -c- c- c - c - c - cc - c - c - I the c-c- c-c - c - c - c -’
’,”  of a - .‘ - “ c - ’c-’ ’I ’ ’ - c - c -  c - c -

c-
c - c - ’ ’ c c - r c -  ifl c- ac-c - c-

pr- c-I_c-c-arc-- c - I  ic - c - crc - c - c -I -,c-n . c-I c-i c - c - S. c-c- IS c - c - c - c - c - c -c- c-c-r- 1 i c - c - i c - c - c - c -  I by c-c-c-c-c-sc-H ic-c- c- f - I c -” I_ i~ c - c - c - c - c - 5  - ‘s c- ic-vc- t cc-.
ia each dimension indicated S c :  that ~c- c- c-c -~ c -c - c- c- c - c -  ~ c- a
single systenc-. It ic-nf l - - c - c - c - , c-c-’ cc-c-c-rae, c- ic - c f - ill ‘c-a c- c- c- iv- c - c - , c- i - ‘ c - c - : ’n’e of
equal ic-c-pc -c-c-n c--c-c- c -c - c -c - . The c- c-c -at ‘c-c-c-”. c-c-n-i f-ic--s i c - c -  s’c-c-at c - c - r n  c-c- ic- c-rc - c- c- -c -c -c- ,‘ ‘ - c - -c - a c - c - c - I c - c - -c -..:

c - c -’, Table F—Il—Il . Thc-c-’ c - c - ” - a -c- . c - i c -  a cc- ’ c-u-c l , ‘c-c- , ac- c -c - il c - c - c - i c - c - c- -c-ne . c - i c - --sc-c-].c-c- c -” - c - S c - .  i”c-].. c - l c -~
E—Ti I-,

11c-c-c rows of c - c - c -- si-c - c -c - I — c - I _ I l— I l  are oc -’ c -”uc-’c- c-c-- ’ -c-c- c-
c- c - - c - I c - c - c -- S c- wc-’c - a - f - ’ ’c - -c - - c -C ’s-

rnanagerr~ nt altc-c-c-c-u-, c- c- S - - c -- - (I to c-c-) and c-c-cc- S c - h i s ,  al t -c- c-nc-c-c-c-c-S I c-,’~
.c- i c - - c-- ,c-1,’, c- c - c - c - c -  c- c-c-c-c-l - 5 -

ac -cc -c -r Hic -’c-c- to tvc -.c-c-c’ of c-c- .1 c-c-dc-c-c-’ i I c - c - p c - ’ a c -’c-, I ac-c-d tic -c - c - c - ‘ c-, ’ ’ - ’ - c - I - c - cc - c - c -c -’— ’ c - c - i c - c - ’ 1 c -~’ ‘ cc -c -f -c c --
supply c - c - c - c - c - v i a -.i c - c - rc - a -. Tic-c-c- c- ’ ] ’is’~ c - c - c -c - c - c - S - ’ - : ’, c- cc-c- s ’-c-h c-c - ’rc’c - c - ’c S ‘ c - c - .’ c- ’ c -  “i c-c- . c - c - c -, Ic - c - c - c - c -,i ac-c -c- c-a-
to place f - c - c - c c -a c - c -  with the mast r c - ’ c - c -I. c- c - c - i vc-c-’ ic-c-p .c-c-ct on S c - I — ” . - - c - S  si c- c- ’ ~ f S c - c - c - c -’ -
table and those wc-iS’U tic-c- mast negative ic-c-c-pc-c-c-c- f-c- c-- ‘— c - c -  t i c - c -  c - S c - I ,’ a - i  c - c - c- .

As an i’1i’..c- at -r c - c - c-c-c- ton of’ the c-aic- ’,Cc-,iS-I c - c - c - c -c - c - c -’. c- c- c-c- a-;- ‘1 , c- c - c-~ , ,c-c -n c- c - c -”S on
recreation and open space ( f - S c - c -c- c-c- c- c - c - c --c-c- c - c - c- c- c- ‘c- c- c - c -ic - - I c -  c-I c-c-I S-c ac-c-c-c-” c- ’c-c-c- , 3 (c - - c- - c - c - c - i l
row ) is corc-c-pi .c-a c- c- c - i of c- ic -c - c - c - c - c - c - c - c - c - c - c -2 , ‘c-

c- , 12 Ic -0 , f-Il , c-c-c-c--i c -Ui  - c - c -’ Hi -ic -c- i - I — I l l — I
column 10. Ti c - - c t c ta l, ac-crc -c- is 0.-c- — 0. 2 — + l. c-c- + o.-l = -c--

c- c - c - .

f-arc-c-f-c-c-l examination of Ilc - -’ ’ c-c- c-c-c-ic- ~e will si c-ac -c-c- S c - s c -’ c-c-il a-’- ,c-c- ’.S cs-c-’- c - c - c - c -c-
expected tc’ p c- nc-c-c-I c- . c - c - c c --c- sub stc -ic- c- ’ - c- 

- 

~
‘c- ’c-c-’c-~~t lye i c - T i c - c - - S ’ c-’- . c -cc -- c- c-c - c - c- c - c - c - c - c -4 c- un and (c -i c -c -c-c-c-

space , sic -ic-c-Sc-ace w.”c-t- c - c -  “c- c - c - c - i’S i 5 ’ ;
c- c- c-c -c-c - c - 1  ‘c - c - c - - c - c - l  i c - c- , c-’c - - c - c - ’ c -.c- c - c - ls ’ :’ c- ’ - c - ’  c - c - c -.. c - c - c - l i c -c- c - c - i’ s- c- I c -c - c -c - c - c - c - —

tc-tty . All s- c-c- c - f - c -c-ms - ‘- c-c-c- - c - a c - c -  Cc- c - c - c - -c- II ( c- c -h~’a i ca l— ’ c-i c-”a-.i c- c-
a,’1 ) c- c- s c- ” n \ c - i c - - c -c-- f- c- c - i

c- 1”ld pc-c - c - i t  i c - - c -  S c-c-p’c-~c - c - a - on a ’ i i  ‘ c - - c - c - c - I  ‘ c - c- “c-i’i’l c - c - c - - c - c - sc - c - - c - I ’,’ pc - c - c -] il - v. -
c- c - c - c - i c - ,

a- c-c - a-h. t I c - a c - - cf-fc-c-c ’, an c-n ’  , ‘:, c- c-- - Ic-’:’ c-c-’ - ‘ a -~c-,c-a1 ’itv I c -c-0ic-1c- c-n c- ‘ c- f - a  c-c-il c - -c -c-”, ’- f - -  c-c-c-’- ‘ c - c -  c- ‘r -

type TV ( . 11  c - ” n c -  c- c - c --“I c - ic - c - i c -  c- c - i c - I c - c--c-~”n icc - i l nc-al c - IS c- ’c-r - c- c-a- c -‘ c - c -c- ’ a

c- c-gc-” i ‘ c - c - I c - c - c - c - -c - c - ]  1 -c-n i c- c-c-c-c- c-c-c- , c - I c -  ‘ - ‘ c - - c - c- s-c-ac-u_ c-ac- c-c-c- a , ~~~~~~~~~~~~ 
i c -c-I c- ic - c - c -i i ’  ‘1 ‘ i c - i l

land c-,c-n - ”- , -c-c-c- c - c - i ‘ c - S c - ’  c- ’ 1c-ic-uIl i f - I c -’ c - c - c -~ . ~J_ l c- c - c - c- c-ii”ic-c-f - c -”n Sc - c -€ ’d c-c-v a a c - i c- c- i . c - c - c - ’ c- c
-

I ’ - ’ c - a - i t t V c - ’  -c-c-c- i c - c - c-c-c -c - c - f -  I v”  i c- c-c - sc - - c- c - ct c- c- c-c -c -,c - c - ’c- . - , ’ , ‘c - c - c - S I ’, c - U -  ‘c - -c - c - ’ ” - c- c - c - c -’ i c - c- c - c -  t i - - c - S  c - I c - ’  - ‘ c - c - c - c- I _ I

( p c - c- . )  a i c -  - ‘- c - s c - c -  i c-- -a -ar c- c- c-vc -uI. - c - c - i’ - ‘ ‘ - i c- c-’
-’ c--I c - - - ’c - , ’I.’,’ c - c -- - c - c - ’ ’ l vi” - c- c- , c - c - c - c - c - -c - c - c --c-]. c - c -. - —

souc-r”ces ~ic - c - c -.c-I c - c - ic -’ c-iu c - c - l t v .  5 . ’ 5 , 5 . c- c- c - c - a c - c - c -  : 5  c- 5 , - c - ’ - c-c- c - c -  c - - ‘S i c- ’c -c - l’ ic - c - i I - c-c- c-c-i c - c - a - ’’ -c -n -c--

j c -.c - c - ic -. c-”c-i c- c’ ic-c-e c -c - c -c- c-c - c - c -S i c -c-’- iy  UcI c-c -lc-c- f - c - ”c - l  1 ’ c-’ a c-c -a c-’. ’ c- c - c - c -  nXc- c-c - l c - S ‘ ‘ s c - c- ’ - l i T  (17 v - i c - c -, ’
All) and c-Ic-

ic-c - c - c -c- - c-
c- (AD 4-’ 1. -ac - c - - h  w I t h  sic - . ’ -c - -~ ‘ - - i  ic-y I c c - c -  c - c -c - a ’ S  c - c - _ i  S c - , . A l ’ ]

c-c-t I c - -’t’ d Ir-c-c-c - c - c - s - U -c-c- c-s- , c c - c - I  c - c - c - - p c - ’ ”  S c-c-c-_i ic- c-’ c - c - c - ’ c - ’ 1 ’  , c-c-c- - c - ’  5 :- a-c-c-c-I c - c - S i ’-,c - c - c-l ’c- i - - c -  c- ‘ - ‘ 1  c - - c - c-c- ‘ c- c - I_I

systerr~-c - .

E - I ’1 I . --5
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A s i c - c - c - c - c -- c- - c - - c - c - c -c- ’ a c-c-c--c-- . ’ c c-c-c-- c -be as,:Hc-c-c-c-..c - c - c - C.c- ‘cach system by s-,c-rac-c - i c - c - c - t I c -n
i c - c - ’ ’c-c--a c- c- ’ c - U - c - ’  c-c-c-- c -t ‘: c - , - _ c  c -’,r c - c - . c - ’  .~ il c-~ c - c - c -- ’ ,‘ ‘c - ’Srv . r i ns- - c - ct  d I c - ’i- c - c - c -. c- i orc-s (a~~s
ac--s-c-cc-a c - c - ac - i c - sc--c-c--. In ‘I_ c - c - c - Ic - is- c - I c - c -- c- 1 I . — , ’)  . ‘ I c - i t - _

c- sc -c - a -c-c -c-c-s are sc -c -a c -c -n, as f-h-c -c- t ar’ r”I~c-c-it
hc-c-ic-c-c-i c- c - c -l u c - c - c - c - c - I c - - “I_c-c-tb ] -c - ’

From the c-c-vstc-c-c- :, sc-~c-c-c- c- ’ c -c-c - proc-icc-cc-i 1 c - : c -  the jud geinents of the evaluation
panel , it is apparerc -t c - I c -~c - t  the svstc-c -c-c-c-c- c-re arranged in descending order
within alternative type, in Jc - cc - c - a ing  that: land recl amation with slud ge is
consistently preferred to agricultural application of sludge; reuse for
potable water suppl y is preferred to further use of additional Lake
ic-lichigan water ; and power c-pc-c- r c - c r c - t i c --sn at the land disposal sites is
pc-r eferr ed to other locations in the C-SEL IvI reg ion.

Thc- f’c-c- uc-c- h i~c-h -c - -c - c -c-c-o -c -nic -c -g a c- ’aa -c-ersc-a are : 23 ( c -
~~~~~

c-
c-c-c- V ) ,  7 (I c-c-pc - III ) ,

22 ( c-ppe V )  c - c - c - c - s c - i  c-I (‘lyoc- III). I_c- c -c -tI c -c- c - :c -c - c - c -c-c a  rely he’c-vi,i’c- c- -‘crc- c-c-se of aivanced
c -i-alcc -i -c - c -ai t n c-c -c - atm ec- c -c - c - - I c - c -- c -t a .  Ii c - - c -  two lcwes~ a-c-- :’c--tr sc- c-, c-c-y st c-c -c-c -c-s a,re 3 and 2
( Typs’ II) , c-- ic-c c- ic -~’c-c-:c-c-lc-c-aI.— c - ’i c - c -. c -rc - i c - aT p i ac - c -t c - c -.

If- si c - c- c - c-c-id be c-c-c-ted that c-c-his c- c - i .r c - c - - f - i f ’ic - - i  c-c-vc-c--rvi evc- of th c -c primary en—
vironmec-ital inc-pacts of the alternatives assumes that all changes in the
social—environmental .c-Iic-rec-c-c-c- I c - c -c - c - c -c- are of equal Ic-rrport ance . Thc-’- evaluation
f - . c - c -_ cc - c - c -c- c-c-ce , however , was -c-ic -a- igned to go beyond thIs l Ic-rsc-c-tted assessment to
the c-c- c-’aluat icc-c- of c-c -dc-c- c- -c-c -c - :c- -c-c -uencc -r c- of these ic-c-c--c-acts for 1c-c-c-marc- act ivit ies.
These c-c-’ f fc--c-c tc- s are il e s e c - ’ i c - c - c - -. i in the following chapter.



- ‘c-- - - - ”- -
_

~

-

c - c - c - c - 1 1 
P,’: ,i. I I ’ c- ”c-_ I’iI_ c-i-c- c-c-c-’c--’a-c-’- .c - c - c - c -’ c - ’ r , c-c-c ’c-’c-c-c- c- 

-IIc- , ‘ i i ’ ’ ’  c- I A I I  c- . ’I” ’I_’ ,
c-

c-’ ’
~~I

-
~ -I: ’

‘ 
c-ic-’2TiT-I I_ II_ J ’-I- -ic-II ‘ I ’  , ‘I c-’c- .~~~

’ Tfc-c-i~ d.c-I

The ic-rIsc-c-arc- Ic-c-c-c- cc - c - c -c-c- of t i c - c  c-- c-c -c - sc - c - c - c - c - - c -c- - ‘ c - c- cc - c - c - c - c -c- c-c- ’ - - c - , ’ ‘ - I c- c- - , - , ‘c-c-a- c - -  c - c - -  c- - c -c- —
ed U ,  c - cc - r c - e r  I I I  ‘ c c - c -c -c - c - Ic - ic - c - cc - c - f - c - c -i  c-c -icc -a “ c - c -’ c - c - c - ic - c- I - c - ’  - ‘ c- a -: -cc -o:c- I ’ c - c - c- c - c -,c-cc- c- ac-c- t l ’c-’P I-
thr ’ c’c- c-c-a- i ,  ‘ c - c - - - ’ c- c- ’ c -c - l i  ‘ ‘ c- c-, ‘i c - c -’ , of c-,hc -’- c - c

-
c- c- c - c -  c - c - c - c - c - - I c - - c -  c-ic-a c- ’c- ’it’~c-I - d c -

” - -  a- ’, I ’  c- ~
[ c -‘ c - c - ’

Annex A.  T l c - i a - -  ~ 1’i -c-c-c -at I c - .  also ‘c - - c - I c - ’ I c - - c  c-c-c-r’ , c - c - c - c - c - c - t c -c- c - c -~~ S i c - c -  I, ‘ c - c - c - c - .. ‘c- a c -‘ c - - c - c - c - —

P c - c -” c-c- c- t c - c - c - c -  , c - e c - c - c -,c - : c - i c -,.a tI , - c- -t t c - c - c - c - I c -  i c - c - ic-c-cc-c- c - I ’ :  - ‘ c - a-l , a c-c-, c- ‘ - c- c - c - ’- c - ’ s - ’’ c-c- Lc- I, Ic- c - c - c - - c - c - - f -  c - I _ - c -

c- c - c- c- c - c - c - c - c - S - c - c - . .  ‘Ic-i-, ’.,s , c-~~c-c- c-I c- ’c- : ’ c - .’t a - - c -c- c- c -- c - c - ’  - - c - c - - c -‘ ‘ i 1 ’ ,’ c - c - ~-c - c - c - c -’ ’t U , -- , i c - c - , c -  , : . ,‘ c - ’ c-c-- -’ , c - ,  e l - c-c - ’ c-c- c - ,c-~
tcc-c-c- a c - c - c - cf - i: c - ’,I . ’ c- c - - c-m c- nc-c- , a c t c - S c -~~~; I a -  ‘i c - c - ct c-’ - c - ” ’ J c - c - -’ - - c -  c - c -  ‘ c- c- . c - c -  I c - c - i c - v  c - c - ’  :
Ic - c - c - I , c - 1a - c - .  score - , - : ‘ t i c-c-It , ac-,’c - - t c - ’c-’ . - ‘ I c - ’c- c- ,c - , c- ’,t S . c-c - ~c - c - c - c - I ,  c- c - c - - ic - c -  “ c - c -  c- c-

- c - j c - c - c - c - ”  c- ’c-a-’ dc- c- c- c - i c - ’,c- ‘ c - ,  c - - c - c -c - —
_ c - i t , i ’,- ! tc - ,- -c-c-~ c- ic-at i c - l ,c-,c-c-sa,c-’ c- , c - c -c t d , S c - - 1, t c -

c-
~ c - c - c -1c-~ c- 5 c-’S c-c- ,, - c - c - - ’-, ‘ c - h - c - - c-c- 1 - c - c -  ‘ c-c- c - c - i , ‘, c-, “ c - c - c -  c- c- c-” t , i c - ’

c- s-ac-ic-c-c--ta (c-- c -I _ t I c -  .d ac - ’ c - c - c -c- c- c - c - I  to s Sc c - c - )  a - c -c-c- c - c- -  all - c - f ’  thc --  c - - c -  c - I c - c - ,, c - c - ” ,’ c - j  I T ,  c - , a  -1 - c-
’

c-c -c - c -c - c - i a I_-c - a c -c -c - cc -c -, -c--,’i c-c-, ‘ c - ,  Fc-c-c- c-c-c-it c-’ c- I c - c-c-c- all c- c -c - c - c - c - f- c - -c -c -c -c-d c- c - c -c-~.c -c - ,c- c- ’ a_rid c-c- li c- ~c - c - , c-c- c - - c - c - c - , ‘ c-- c - c - ~ ‘c- I c-

c - i c -c-s, is  c-S,r c- c- c - c - c - I f - :  t Ic -c - - r n u l t i r I  ‘ c- ’ 1 c - . ‘c- c
’ c- i ,c- c- - A ‘ ‘ c- c - c - ’ I . x  

~~:c-
c- ‘ H

‘7’c-lc -c- c - c - c - c - d c - - i c -  l I _ c -  c- . Ic -c -c - , 
~ c- . c - c - _ c - ’  t i c - c - ’  C c - c - c - c - c -c - c - - I _ c - -c -, a tc-c-i I -c-c- ‘ c - c -  1” a - c - c c - c - c --c - : . c- , I c - ’ c - ’  - c- ’.,

ic- c-c - c-c- c c - a -  on h- cc- ’. ‘c-c- - ‘ - - ‘ ~‘c- c -‘ “ c - c - . ‘I c -c - c - -  cc- cc- ,Its  c - c - l t ’c - I _ c - c - c - c -i c ’  c-’c-c - c - l t i c - ’ l ’, - I fl , c-g ‘ 
~~~ 

-

c-ic-c-c-c-c-’c-~c-c-c-c- A c-c-c-c-c- ic- c-c - I ’Jc- d, . I , ’ I - — I l l — I )  c- c -I ” t i c-c- c c - c - -c - c - c- - c- c- - n r c - a t c - c - d x  (T’c -~~ i c - c -  I “Ic -
c-nc-c-c -V A ) c-c-a-c-~~ c -c-c -as ‘c- c - I _ c -c —

c-c-’ — c -  c-c- - c -  c-~~ the c-c-, ”

c - c - t I ’  c - i c - c - -  sy:t c - c - c - c -  element on each c - c c -’ c-dc- 19 h -c - ar ,c - c - c -act - c - i c - H c -  a-. If- c-c-c-- ac -c- fl c - ,—
r ‘cc-c- f- a- c-c-a-c- c-il ac - c - c - a s -c-c - i , by -c’ c - t c - c - c -’c - c c - c -c -~ c- , I c - c - c  -t i c - c - :- 1’- c - c - I. lowii ’ c-p r - c - c - c - c - ” c-. c- ’c -n c -  i c - a - . . A c - c - c - -, c- ’ c-

-
- c-c-c- c- I - - c - j  a - c - i c -c -c-c-u a-- a - I _  c - c -  is cc-c-c -t alc -c - c - c - c -c-i ic - c - ‘ c - ’ c - c - t I’ c- c - .  c-c-c- -c - -c - ’ c-c - I c - I a  -c - - c--c- ,c - c - ’ c -, .

I’c- c- dLi-’c-’c-TT ’ I ,’ , ‘_T ’Hd, ’ic-c-hT !c-, ”HI U AI iT ’ c- IUIc-”-ic-.-
c
-c-’I U

I_ c - t rc-i ’~ ; c - c - c - a - - I c - c -lye -c c - c - i c -‘c- cc-- an c- ’r c - ’ c - lc -c - i c  --c-c-c- i c - c - ’ c - c - ’c- ’ c-:c- , c - c - -c -c- -c -- c - c - I c - c - ? c -, - - c - - c - c - - c - l a - a,
‘c-c- c-i ecc- ’cac-,’:t . - -.-r ’c - a’’ - c - c-a -ac-c--c--c-- ‘ c-, , ’- “ S c - c - - c -  c - - c - I _ t i ,  c - c - c - j c-cc- J . lc - ’c-- c-c c - I - ’ c - . ,  c- r ’ a r c - c - c - c - c - c - - ” ’ c -  S
c-cc-c- c-c- i c- c -c -,c- n c - c - ’c -c- c- I - - c-- - c - c-c- , - oc - ’ ‘ c - c - ”  c - c - c - a- c- c- c - c - a -  c- c - ’ - - - c-c-_ S c-c-” \c-’ i c - ’ c -. - - c - c - c - l j c -’ c - c - l i oc-’ ic - c - c - : :’ , ‘ ‘ c - c - ” ’
c-c-: ’Ic-c-c-rc- (T I , 1IT , IV ac-c-c-] c - f l  ‘Pc-c s c - s I c - c - c - c - c - c  -~c - c - l~I I z I _ c - c - c -’ c- c - c - -c - c - i c - c - ”- c - c-t c - . j c -’ c - c - ,c-.,s , c- - l I _ i , - c-
PC c-c - c -c -” i-c-B , ‘ -c- c-c-- c - - c - c - - -c-c-lao , c - c - I  ‘ “ - c - c -  to r’c- ’ c- . a c - c - c - a - -’ c - c - c -c - -c- c-rc- ” c - - . c- ’ t ’ U, ’ - ‘ c - c - c - , ’ ‘ I c - c - c - - c - c - c - -c- ,. - a - - I —
. Ic - ’-r c - t I _ ’ c - j  ‘c - c - t I - - i t ’ ’; c-c -c- ic- i c - -c - ’c - i c -- c - ” - c - I c - c -, ,  c- ’u c - . c- ic-ic - c - c - d c - c - ’  , —r c- c -~~~c -c- c - ’  i c - c - c - I c - c - c - c - a c -a- c - c - i  c - i c - c -’
r emaic -c-I_ c-c -c-” - ,i ] c - ’ c - - c - , a -  Ic - -c -c - c -c -c - c - c — f ”  Ic- ’ c - c - ic-c-c-’ c-c-’ c -act , - ‘ S I ’ , .

By c-cr ’ c - r c - t r ’ i c - c -t , tL-  ‘ c- U — c - c - c - i c -  ta- -c - -c- ’’-’ - ‘ c - c - ’ ‘c - c - c -- -c-’ , ’- c-c- c- c - c - c - - c - c - c - i t  I’:- Ic -c - )  c-
c-c-c-c-c-il t’ c- c-cc-~c-.c- c- I c-c-c-~c-t e c- ’,c- c- c-c -c-”c- ” ’S ’a-c-c -inpac --c- s U -c-i], U- -c -  a-’ ‘ ~‘~~ c - c-” i c - a - - c - c - c -  c-c- U I - c - i c - c - c-

c - ’ ’ - c - c - ’c - - c - c-c - , S ’  c- , ,  aec - ’ c -, i c-- - c- . c- oa , c - c - c - O c - ”c-c- c- ’ c - . c- ’c- ’c- c - c - c - c - I  c - , ,  c -c- i c-c- c- h- c - ’c -c- Ii ’ c- c- ‘ c- c - c - - : c - c-c - c - c -’ - c - c-

w ’I t c - ,  f - c - -c-c-c c - c - c - c - c c - c -I. c- ’
c- - - c-

c - ’ - c- l - - , , i c - - . c - ’ c- - ’ c-’- c-c- c- c-
I

’c- ’’ ’-’ c-c- c-c-c- ’ c- c - ’ - - c - c - c - S c - ,  ( - , - x c - - - c - c- c - ’ c - x i l

S c - c  -- c- , c- c-c-c -c- i c-_ cc -i c- c- . 1c-c- ,c- c- c -’c - c - c r i t , . ‘Ic- c-c - ’  a- ‘c- c - c - “c - c - c - - c’, c - - c - c -  c - c - ’ c - c -c-c- “ c - c - c - - ’ i c - _ c — c - ac -  c- ’c - - ’ ’c - c - c - i c - I c -,, c- c- c- , ‘ c- c-c - I I c -. ’c - c - c -  U
c-ilia tr’c-c’c - c - r - c - c - r - t c - c - t~ on c - c- tc - : c -. c - c- I c c- ., c- f c - , ’ c - - c - c -  c - c - S  ‘ ‘c -c - c - - I -c - ’ c - c -  - I c -  ‘c - c -  c - c - c - c -c- c - c - c - c - ’ - - c- - - a - I-
c - i c - ic  ic-c-c- ‘ c-a-t~~ .

c - c , -- c -- ‘ ‘ ‘ ‘ c - c -  c-,’ ,
- c -c-l_ c-c -c -— c- - ,c- c- c -- ‘ ‘ ‘ - c - -.. c -c - c- , , , , .

c- c - c - I : ’  A lc - , c-_ - c - ’ c - i c -c- c- I c - c-c- c -c - I _ I l  (17 c- ‘ c-c- ’ c-’-, i )  c- c -I c- ’ ’,’ , “ c- c - c -’,’ :c-~’ c- ‘ ‘ 1  c - t i c -, - c - c - c - - c - -
r c - ,. , c - i t c - i v e  irc-i .’ c- ’ c- c- ,s , ‘ c - rc - . I c- c - i c - c -- c - c - -c - c - i ’ c- .i ’ , I c -  c- - I , ’ -  c - S c - c - c -c- . , 1 ‘ c-c- ’ c- c-t ’ c - c - c - h i  ‘ c-c - c - I  c - c-c-’- ’ ’ c-- c-

c - a - na-c-’a - f , -”r’ c - c - S -d c - a - , c- - c - -  1 c- , , . ’ c - - - , c - .- - ’ c- . ic’ c- . c-c - c - c - c -c-- - ’ ‘ c- p c - c -- c - i c - c -- c- : c-c- . A] c- c -- ‘ c - c - I
al’ - ‘c- - c - c - c-’ ’ c-’ - ‘:;- ‘c - - - -c- ’ c - c - ’ ’ c-c - _ c - c - ’- - j ’ c - c - i c -c- c- ‘ c - I   c- c- c - - ‘ - - ‘‘d. c-I c - c - c - ic- Sc - ]  I , c - - c -c- ’ c- ’ i v c - -  Ic-c-a --~~, - - 

-
-

I_c - c- c - I c - - c -  , c - , 1 c -’ ’ c - i l  of c-c- ,- c - c - c - c - c - c - c - c - ,  c- c- c- c - c - c - c -c-’’. • f c - c - - , - c - - - , ’ ‘ I c - c - F ”  I - ,- , , A i c - c - ’ c - c - c - ’ c -’~~~,c- c-
c -c - ’ S c -. ia-c-c-c-- c-” c -c-c-c-c- _ c - - ’ c - t U ’ ,,’c- ’ S c - . - . c -jc-c-~ ‘ c- ’ ‘ ‘ c-

_
c - c -  - c - ’ - r - i”c - c - ’ c - ’ ’  c - c - c - i  I c - c - c - c -i c- c - - c -  ‘ c - c - t , r c - c - c -- c - ‘ ‘c - ,  -

I c - c - c - ’ - - Ic-- c - - c- ’ ’ , ’ c-c - ic -c - ’- ’  c] ’: ’c - - l ’c-’ c I l c - i  ‘ ‘ a’’ I c - c - : c - c -c- c- c - c -

_  --- ‘ c---_ _ _



-‘c-— c- c - c -  c-c- . - - —- ~~~~- c- . ‘c-c- — ‘
~~~~~~~~

“ ‘ ‘ c-. -~~~~~~~~~~~~~~~c-c-~~~~~~~~~~~~ 
-
~~~~~~

c-cc-

-f’ cc- c-c-c - c-D c-I t’c- c c-- c-C c-c -‘fc- D c--c- c-fl L/) I/c- c-Ic- ~ c-Ic -~~~ rc- c-c-’ ~~ c-C ~~ c-C C)

I I I/c -Q t’) LI) c-c-” I (c-,c- ~~ C c-c- I’c-c- C c-c-- c--c- c- c-ic- C C c- VT c-f -
c-c- c--c- ‘ c - c- C’, ‘c- c-’c- (71 I I I C CO LI) c-N U )  .— c-fl c-c-

C c-’-c -I’-’- 1,11 ‘ c - - C c - c -  — c-c- C/c-c -C c-f l CO C’c- C c-C Cc- c-f c - c - c - C c - CC “l’ C c-c- ~~‘

“c -c - 1 c - c -~~°S 
‘ UflJ1O ,)~~~~~~~~~~ 

• • •  • • • •  . • • • • • • • • •

C c-fl CO CO — C c-fl c-N C ‘c-i- ~ C I’— CO CO Cc- C U) c-C CO ~~‘ Cc -~~ C VT C
I c - c -, ‘ 0 ,‘- c-c-c-c-Ic-c-c-c-c-c-c-

- c- ‘ ‘ C — C c-fl c - c - — C c-”, “1 C c-N c-— — C C — —

- C C/ c-fl c-i’) C’, C c-N C -t c -f l ~ Ic-c- C’-c- c-- c- C’- — C CO c-N Ic-’ c-c-- C c--c- C c-C C

c -n c c -  - c c - ) c - ’~ c-~~) ’  c-”S -“ c-
~~ C c-fl “1 I/c -LI’) C c-fl c-/c --c-’ c-fl (~ c- j’, ,c- (c-c- c - c -  —I C Cc- CO C) C C c-c- C

s~ t c - ,c-c -c - c- c-c-_ c-\ C- I ’ ’  ~~ L C c - f l  c-c- c-c - Cc- Cc -c-fl C c - c - I  c-fl c-c- c-C CC ~~ c - c -  I” ~ r c - e c-c- c-—

-C C c-r, c - f c - - C C C ” c -  c- - c - C L r c -cc- —~~~~~Vc- C ” - C C —C , - -’ C

c-c-c-c - c  -, - c - c - c - c - c -  ~~ C C c-~c-”c- c-c-” — C C- c-” c- c-fl c-c-’ C —c -C £ c-c-- ~~ C CO CO -C I-ti C c-c--c -c --c-- c--c-c-
c-f C 1’ c-Ic -c--c- C C c-I) c-fl c-c- c-c-c- c- ‘C c-c-c- c-’-c- C c--c- CO CO C C c-N C ,— —

P a, u c - c - u i.~ c - T j qnc-j 
C, c-f C c - C  c-Cc -c-C c-c-I “c- c - I C C  C C C c - C c - O C c - -r c -c-

C — c--’ C .‘c- 
c- 

c - c - c- _ c- C ‘7 c- c- 
c-N C c-N c--’ I C C c-c-c-c- c-c-

c-c-c- ‘ c - I~~c-c-l’ c - I  fli I’ c - ~~c- c-c-
~~ “ c-I’ C L/c- c - c - c - c - c - C — C C U ) C

— ‘ C L !) c-fl~~~~~~C~~~~~~~~~~~~~~~c - - , U ) C .~~~~I’-I c - J I ” ) C c-, C .c- ,-c-
I c- ‘ ‘ I c- —

O1U ODU I P~~~~~~ 
c - - C C  c-I l- c - C  C L f l fl c - c - c - C C c - C ’Cc- U’) C C ) C C V T

= c--c- c-—~ c 
c- 

c-c- c-
i c- C U c -c- 

If C c-fl c-c-, I C C c--c-

c- C c-i. ~Lc-,)~~~oJ d w c - 1  0 C c - c - C - C c - nc-n C c - C c - c -c-c-c- c-c-’ c - i c-D C Cc- -t I “ c - C C C c - ’ c -c-fl

c-I c-c- C c- -” c-c- c- C c -f l ,-~ c-c-’) c-fl C c-f ,  ,—c- 
- 

— c-N c-C c-N c-c--c- c- - c- I~ C .‘-c- ~~ LI) ‘-1’

u_
_
c-- -
c-c-

_c-- c - c - c- - - c- l - c -  c- q c - c - l c - r qc- Ci : c -~4 c -n c - i _ f cC cc-, cc c-~~C c C, c-0 c-c-c - c-~c - _ cc- c-c- o-c - C c - c - ’ c .c- c’ c’- c - c
c-fl “ c - — c-N C ‘I _ “ c- 

C 
U - c- 

N C -C ‘c-’ c-c -U) C C c-c-’ —‘

— : — . C c-c-c- c-c-, c-fl C C If) C’ I ’ I C — fi c- ,” C C — C c-Ic- c-C C ‘0 C Iii c-f
—“ - c -c - i - ‘c - c-,c-c- c- 110 1 c - I c - s-c-dOd C’ - -

_ c-’ - - 
~Z c - c - c - — c - — ’C c-f, c - c - U C U U ,_c - , ~ c - V T C c - f lI”I “-‘ C C c - c - c - - c -

-c- ~C f c - c -c - , r  ‘ C C - c - c - C — C c - c -C l c-’c- c-f C ’C’ ’,c-c- fl i’fl C c-c-c - C c-f Cc-

uo r c - I c - Jc-c- i c-uuc-I ‘
c

’
c - c  

‘
— U .  

c-
’

c - c - c -~~~~~~~~~~~~~~
c - c -c- c-~~~~~~~~~~

~ ~ c-~~~~~c - - c - c -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~‘c-c- ‘c-c -
c- 

c - c -  C I U ‘N C — U U c- C CO c - I )  c-fl c-f- C — C VI

c- c - c - c - c - c-c-c- c - c - c-, c - 1 i 1 c - C, c - i , .~~~I C c -, C, . , . ~~~~i , di .’I_~~
c-c -,‘_‘ c--c- c- C c-c-c 

-c- 
VT c -c- C U c- U 

c- c -  C IN — c- C c--c- C VT c--c-

= c-c-’, C -C c-i C c-c- U) — C C c-’ c- C) C) c - c -  Cc- C ‘c-c -C C c-c-c - C ,c-c- C c-c-I CO
,‘c -c- c - c -c- _ c-- ’ c-c- .‘c-~ ~c-c - 0c-j ‘I”

- — -c- ’ c-- ’ C c- I_  ‘I c- ‘C U c- 
— I c - I  C V (‘I c- c--, 0 c-c-  C c-fl Cc -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
c - V T — C c - Ic - — c - c - c - C C - U  ‘-‘ C ’-’ c- c - - c - — C  ‘C -c- c-f

u o l c - ’ c - l p c - c --c - , c - c-c - c - c- c-c - -  ‘ C c-fl C c- c-
c-
- C U c-c -’) c-c -c-c- c-c -C C I c-” c- — C c-c- c-f C”

not c- c- c- c -p c - c -~c- , c - I c - c - c - c - c - c - c - c-u c - c -  c- ‘c- ’ ~ c- c - I C c -  C 
~
c-c- VT c-c -C c-i c-fl c-c- c-’, ‘I C- Cc -  c -c-  c-

~c- C- c--c - C c-c-’ VT
c - c -  c- ‘-C c - -c - c - c -  “Ic- ‘, “I’ —I c- c- 

NI C — c- c- ~c-’c- C — C c-fl c - c - )  c- —

lt c - ) c-c- np oJd

c-c- c-

C ”  c-c-c- -

H 
c- c-.. C - -” C ~‘c -c-

~~~” c- c- - c- ’ c- c-c- c-i c--.

Ic- 
- 

— :  -p c-c- — ‘-‘
ti c-c-,

‘ C C  .c- . . ‘C
“ cc - - ” — ~

c- C I’ c-c- c-’c- . c- c- c- c-c- c -c- c - -  . 
“c- ’’,

-“~~~~~ - c-’ .’ c - c -’ c-c- .-’c - f , - CC ’c-,~~~~C - ’ ) CC , i . C- C c - c -c- . ’-,c- c-- c-,- l Lc-
c- c- c - c -_ c-c-

c -~ c-C

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

, c - i :~
A

_ _  - ‘  ~~~~-~~~~~~~~~ ‘ c- c-. c-~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~
, c - c - c -c- ‘- ‘ c- c- - . ‘ - ‘ ---c-

~~~~~~~~~~

-- ‘- c- 

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

c--

~~~~~

’

~~~~~~~

- ‘ c - c -  - “- c- -

~~~~~~~~~~

c-c - c - ’c - c -, c-c-c- tc - c - c-a,rc -to the tr€ ’a f -c -c -c -c--c-rc-t c- ian~ a ,-,’c-te rc-c- , alth ~ - c-c-gi’c- to some de~~ee the
c-- c - ac- c -ec-  d : .c- c-’ef ’Ic -.-c t a cc- c-c-’ c-, - ’c- r c-c-t c- ’- c - ’  of the twa c-vstec -c-c-s. Tic-c-’ r kc-ysioal—
- ,‘ c - , c- ,’T, i ‘ c - c - I  c - c - -~c -a t c - c - , e  c - c - c-t system c--:c-.c-s exc~~c-: t ed to produce the most strongly
rc-- . c-~:’c-c- ’ . i c -c-’ c-c- - 

~~
“-‘

~~~
c - c -t s  cd’ all tc - c- c - c - alt c-=’ c -a - c -c -,c-t~ ves.

c--c- - c -c-c - _
C-; c- c-c - - S c - ’  , c- c-c-’ c-c-

~~~ c-”’
c- ‘ , ,) , -c -  ~ I , . , _“c-,, Ic-’c- c - I , c - c -  ,, c- ,

“ c- a, ’ c- c-
c-

’ c -  S c- c - ’,’ c-~ Zc-c-c-p-c-c-c-tc-c- w c - ? c - -c - c - c-c- c-c--. i -~~bc-c-c-,j tu c-il of the human d lic-c-ensions
( c - ’xa-c-c - c - c- c - c -  , c- c - c -  ‘ ‘ c - c -  I c- c-c--Ic- - a -t i c -n )  c-c- c-c-c- the use of b io lccc-ic-ai sludges Th l~~~ia

rec ’I’ c- sc - c -I I - c c - c - .  c - ” c -c-c- Ia-’c-cc - ic - t c - were ] ‘d c- 1c - ’~c-c-~ tcc- be excc-,-r t i c - : c -n a l l v  strong for rec—
s-c-- c - t i c -- c - c- , ‘ c - -c -a-,t c- c - c -. ‘f- iCc-- c - ,c -c -d ~ c-c-c-syatern s tatus.  In c-c-ontrast tu this , the appli—
c- -4 S c --c - c - oc-’ c- i’-:, ’a -- I c - ~c- 1—c-h~~ . ., I c -a l  Si ’c-U~ Ec-S to a~~ icultural land ~~s rega~~ ed as

c - c - ’  ~c- c- . ’ Ic - ,,c-’ a -c - c - L c - c -t c-,c-rc-tiai rc -edatic-a-e Impacts in all d~,mensions c-f’ human activ—
S ‘ I- , “c-cc - a t  a--f - c-’- - ‘ - c - c - c - c -’l v  c--cc - Fcc-” cc-ic-c - c - I ’ j c -_-rc-tIai c -c t i c - c - i t c -,c- “c-c--c-~c- a~~’lcultural c-c-r c - c - i 1—

-c - - c-t ic-c-c -cc-’ :. I c- , c - c -~~c-c -c -i sludges was ju dged to have rn~~est c-c -os it ic-c-c- c- ic--’c- ’7-aa -t S
ar c - e-: . c- -: ; c - c - c - -- c - ’  a-~~ cc - t a c -, aesthetics , recreat ion and fc-cx~ c-r cc-duction b’,c-t
weakly c - c - c - - a-c-c-c-t~~vC lrc -c-ra -a -t c-c- for the rerc-~inthg c-a tc-c-ensi :c-c-s of hc-rc-~ c-rc- activity .

ic-:Fc-FUIES-r:’ .IUALII~~ ‘I~ c-’c- E~~~c-’PIBT~~’lO55 FOR IIA’c-TJ-IAUIOS: Ai~ F RECF±Uc-,TT UN

Ic-c-c- Cc -expectc-c-”c-c- c-c--os~tive impacts of the wastewater rc-c-c-arc-c-c-~ c-crc-c- -nt altec-c-na—
f- 

! c - c - c -  on t i c - c - c - wc-it c -’ c - c - c - resources of the cc-cd!on are d i c - c- c -i c -c - ’c-c-’c-c- ‘c- c-ioc- €’ stc- ’oc-c-gly
c - c - cr c. Ic-fli’~; th c -c - - lc-ic-’c-’i treatrnec -c-t system was c-rb-c -’c-d to rr-cd c-c-e nc -c -c -c -cc -c -c -c-c -- c-c-c-
rc-c-c-~ c-c-t i’,c- c-c-- i c -c -c - ’c - ia -t s ‘Ic - ’, cc- c-c-ne-c -f - Io n  with  the efc- f’I, ’c-c-erc -t c - - -c-~J I c - . t c - ’ i I c - c - t I o c -’, to i_he
region, c-c-Orc-Cc-rc - ilc -c - ic-c -the .c- ic-~c - c -c-~nsIcc-c-c- c-~ cc-’ c-cr c-c-I c- -c - t ic -c -c -( -c-c-c-x-cer c- food),  ic-c-c-c-c--c-c-c-e
c- c - c - c -I -crc -c -i c -c - c -c - c -c - c- -c-c-f- As c-c -c -c-a -true fc c-c- ’ cf-her - c - c - cc -ta --n c- ele c-c-c-c-’ ,a s , the rc-c-oc-c-c-t t’-ccc - it ive
impacts i’c-’ c-c - ’c- c -  assoc ic -c-ec --’I c - - bc -, aesthet ics , recreation , ec-c- c-c-c-c-yaterc -cc-tc-atus,
resident , c - c - c - i  act i ‘~- ic-. c-- c - c - c - c - c -  b c-i ,c ”c -c - c - i t ’I  c c - , .  All :~c-c -c t c -’c- ’ c-a- were , -,i I c -”~~ . i to t r’c- Ic-ce
a- ~ -a-.tc-c-rc-t ial c-’- c - c - - a l t ’ I v e  bc-c- a-c-a-ts Ic-c -these c .c-c-t e~-’c-r ’I~ c-c - c - , c-c-a-c- t I ’c-~- ~~~~ c - i_ c - c - ic cc-”
S . c - - c - c - -c - c-a-t c - c - c - c - i ’ s - -c - - c - c - c - c -  c- - c -’~ c- Ibc-c-a-t ic -i  to the c-c -x t c- ‘c - c - f - c -c -c - f i c - c - : c c - i t c -~

,
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‘Ic-lie c - I c - c - p c - c t  sa-c-c-cs n -a -crc - Icc - I  i c - c - t hc -- . c - c - . a -c-~c-oc -u C c - c - c - t i c -  ~ c-~ex ’e SLibj CCtC d to
c-I I c- ictor c-t ic -al )-c-s~i~s to c - lc tc n c - c - i r i c  ic -c - }c - c -t i c - c -  c- the I 1) J imensions ‘ c-c-l I c-oman c - c - c - c - t i vi t c-
could be coir c-b ined in some c-cc-c-’ to y ield c -c - smaller’ ni,~iibeT’ cc-f dimensions
c - sc -  t ic -out losing infonnat ion  c-c-bout the t c - c - t , c -  1 ic - c - c - r ’c - c - c - c -  t S i c-c-c - c-c- I ~c-c-c-d

The resu lts of the l’actor analy s is  of the C c - c - Vi t i’ bc-c- revealed ti c - c - i t
ovec- ’ 98°c- of t h e  information in ti c-c matrix cc-rn be described by three
fund,amental dimensions . ‘Ic-he first factor , representing -l 7~ of the
information , consists priniaril\- of the folloc-dng human ,c-cti oities :
comercial production , industrial production , construction service ,
public servic e , private service , crnpioymient , income and public finance.
I t  in a sense repres eic-t s an econonc -ic dimension.

The second factor , repr esen t ing c - c - c -c-c - c - - of the information , consists
primarily of: residential c-ic - c - tivit > ’, imnc-igration , cultural-educational ,
health and safety, rec reation , aesthetics , ecosys tem statu s , comunity
social structure , and corionunity political structure . It nay be regardedas t he huma nc-ecolog ical d imensions or , more simply, the human d imension .
Population density contributes equally to each of the tc-c-’o fundamental
dimensions .

The third factor consists a lmost entirely of food production . It
should be noted however , that all 19 of the ori ginal activities inf lc -c-ic -c-c-cc,
to some extent , each of the three fundamental dimensions . ‘Ic-he cho ice of
which ac t ivi t ies associate with which fundamental dimension c-c--c-as made on
the basis that the particular activit y contributed half or more of its
information (nrc-nnerica l jud gements) on that particular fundamenta l d imension.

Analysis of the impacts of system elements in tenns of th ese t Ic - r ec - -
aggregate dimensions provides a s imple approach to unc -ierst and in c-c - some
of t he results described previously. The impacts  of the in d iv i lu c - il
syste m elements on each of the t unda mental hi-c-mian activity d imensions
(Economics , h uman , Food Production) are shown grap hica l ly  in Fi gure E c - I V - l .

All reference elements (the elements of ,-\ltern a ti . ve I )  were c - c - r hc - tr c - c - r i lv
assi gned a zero impact and are rcpc --c-.’sent ec-I by t he first gc-c-apl c - .  i,lement s
2 throug h 5 , representing collect ion sy s tem ftc-ne t iona l cc - i teg o i ’v , c - i l l  have
strong positive impacts on the hiroc-an ic - ic - c - t oc - ’  and wea k posit iv c-’ c - i ’ c- c-- c - c - c - it c- Vt ’

impacts on the food production factor. Element 2 di -c - p I c - i y s c -i c - c - c -’ d c - l \

posit iv e impac t in the economic factor , while element 3 t c-c - c - - c - c-c - c - ,c-c-c- c- 5 -c - Ic - c - cc - -’

negative impact in the economic factor , while elements 5 t i c - c - a c - i c - c - I c -  5 s i c - c - a -,

negative impacts on the economic factor , most s t c - ’c - c - ic - a - I - icr c - c - c -c- i c - i f l d
trea tm ent system .

Elements 7 , 8 , 9 and 10 comprise the t r c -c - c - c - t. c- c- c-c-’ i c - t  ic-I’ c- c-c -a -c- ’c-~sec -c- c- i n c-I c - c - c - c -’ 1 lit I c-c-c-
category . None of tic -c elements impact c--c-t i ’ c - i c - c - c - I>’ on food i c - - c- c- c - I  c - c - i c - c - i c - .  I N S
treatment , element 7 , is c-c- t i - c - c - i c -c ’ I c- c - i c -,- c - c - , c -  I i c - c - ’  in hot ii I c - c - c -  - c - t i c - T i c - c -c- i c - c-c- c - t i c - c - I hU1i’ta,n
dimensions. Land treatment , c- . I c - -c-c-a-- c - i t  c- c- , i c-c-c- St i ’c - c - i i I c- i i -  c - c - - c - i  ivt c-’ i i i  I c - c -

economic dimension hut on ly weak ly nc --g: i t i c - c - ’  111 tic - c -’ hitWlc-In d i  i c - c - c - i c - c -  j c - c -~ c - ,

Elements -~ and 10 , the c-~ B c - c - i t  c- -i - nc - it i c-c-c-- , p c - c - c -c - Ilia-c - ’ c -c - t i c- c -  c -ic - c - c - c - c - c -  c - c - i t  i v i ’- LiTlp :ic-’ tc -c-c-

in the economic dimension but c- c -c - c- c -c- I ei- c - i t c-c - fl c - ’ -c -i t i c - c - ’ i c - c - p c - i c c - c - -  in I i c - c - - - c - c - uc - c -~c-ic -
dimension .

The i.rnpac t c--c- a ssoc ic- i ted ci th t i c - c  app l ic c- il  b c - c -  of s i c -  i c - I cc -, ’ c -  I - c- , i i ’  r icc - i l c - c - ti - c - i l
land c - i c - c - c r epr ec--c ’nt c-’c - I b y c i t - c - c - i c - n t -- - 12 1 I c - i ’ c -Dli g h i S .  i i c - . - c- c- c - i c -  12 , c- lie c - i i c - i ’ i c I t l
tura 1 appi i c c - i t  ion ,c - i  Ic-C slud ge , pi’c - c - c - liic -,’t’s c-c- t i c - c - c - f l y  ri ega I i N - c i n c - pc - Ic -’ I S il l t bc-
et,c-onc’)rrc- ic anc-, I I c -nc -nan c- i imens ions , and c - I  a - t- ; ilc - T i c - p c - c -  I i vi’ inc-pc -ia -I c - c - i c -  t c - c - c -c-- , i j c-roc -ii c-c- —

t ion . I lci c - c - c - ’ ii t ‘c - 1-2 c - c - i c - c - I  IS , c - t ic -c- r c - ’ t i c - c - c - li c - J c - ’c - - i s  , c - k c - - i c -  i c - - c- c -i c - i I c - - c - - i c - nc - c - i
t r e atm en t  or c - ’ c - ( \ c -’c-I land I r i- c - c - t i’s - c - c - I p l c - ic - .\J- ; I ne c - c - i c - c - c - c - - i c - I  c - c - i ’ c - c -c - I c - c - c - c -c- -s ‘ c - c - c - c - c - Il c- c-

rnodcrc -i t c- c - i c c - - c - c - c -  c- ~ c inc -p c-ic c-c - (c-ii i c - c -  - (‘c-’ c- c - Ti c - c - c - ’ c - i c- c - i c-c-il inc’ c - , c - ic - - i n c - c -  ‘i c-s ‘ ‘ c - c - c - c - c - i c - c - i
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‘ ‘‘ c-t c - ,’ ’ ’ ’ c - ’ c - ’ ’ ’ ’ c- c- , ’ c-’ c- ‘ c - -  - - c - c - c - ’

~~~~, ’
c- ‘ ‘ c-

_
-

c- c -a -c- c - c - c-” c - - c- -c - i c - c - ’ ‘ ‘ c-c-’ ~c - - , c -‘ , ‘ ‘ a-
‘ c - , ’ c - c - c - c - c -c- . c- ’ i , ,~~~,c-c- c- c - - ‘ - - , c- cc - , ’~c- c- - ‘ c - _ c -  a-c- ,- - n o c -, c - -c -c - ” c -c -t- ’ , 5 c- ’ r c - - -a-c- ’ c-, ,a,a-c-- S c - c - a - c - a - c - c -

c-a-c - ‘ . 1  - c - c - ,, c - c - ,’ c -T c -, ’i , - - ‘ ‘ - ‘ ‘‘c-’ c-c-c-f-, 5 ’ , - c - c- S _ c - c -  5 - S ’ ,~’- ic-c-c- c- - c- c-a- - - ’ ’ , —
c - c - c - -c - c - c -c-c- (c- c -‘‘c- c - c - c -, - c- .?c-9 c - c - c -, c- -

c-,~~~c- c - c - c - , c - t  2~~, c-” - :c-’- ,- -- ’ ,’h . ‘ - c -,, c - c - c -c - c-’ c - f c - c - I c - c - - c - a - c -  c -c- , I’ c- c - : . I c -~~ ‘ c-c - I ,
c-c-a -- c-’, 1, ’ , Sc -  ic- c - - c - c - c- c-~~ a-’ c -- - ‘- ‘ S_ c -. S - - c--c 5” ,c-’,c-c--: c- , c - ’ Sc - , ‘ c - L I  c - ic -c-c- a-r c- c - c - ’ .

a-c- c- - c- c-l i , ‘ ‘ ‘ c - c- - ‘ ‘ ‘ — : c ’,-,- ’ ’ c - -  : c - y c - ; - c -’ S c - ’ c - c-c -, a-- - :5’ ’ ‘ ‘c- Ic- c-’ :

c- c - S c - c - ,-. ’ c-c-c - c - c -c -c - c - i, c- c- oc - c-’ 
- ‘c- S_c- c- c- ’ ’ S c - , - c - c -u tc-,c-c- c- c c - c - ’ S - c -  i ’Sc-c-c-c-c- c-i c - c - l -, c  c- c-’S - c - c - c - i —

I c
- c - c -  c- c - c - i c-c-c- c- 

c-c- a -i c- c - c - c - c -c- . ’ ’ ‘ ,,,, . , ‘c~~c- ‘c - - c-c-c- c - c - i c - - - ” ’ ‘_ ‘ ‘c-’c- c- ‘ ‘ ,c- ’ ’ ’ -c - ’ t_ ’ c - , c - ” c - L c -,

3c- c- ’c-c-c-c-c-c-],], ‘ c - -c - c - c -,- c - c - c  -.c- ’~~~
’c - c - ,- c--’c - c - -c - c - tiQic - Lc - c -’ ‘ c-c- c- c -  c - , - c - i , c -’ ’c-,c- i i c - c - - c -, , c - c -  c-c-c- ‘ ‘ c -c - ,’ c- c - I c- ‘

‘ - ‘ ‘

c- c - c - c - c c - c -,’ c-c-’c-~c- , c - c - c - lj, c-,c -
c - c -  - 

c- c-c- 1 , 1  ‘ c-c- ic - c - c- c - ‘ c- c- t . c -- i ,  c- - c - c -c- -- p c -  a-i. c- a -S c - , c- _ c - c c - c - , i c - c - ’ S c -  ~c -- c -  c - .  -

c - c -c- , c-a -- S c -  15  - ta - , - , - c - - ” c - a - , S c- c- c- -c-’ Ic - c -“ c- ic - c -c - c- c - ’ : 5 ’  - ‘ S c - c - c - c - ‘- ‘ c-c- c - c - c - , c - . S _ f

-a -~, c- c- 
~~ c - c --~~ c - c -c-c- -c - c- I Sc- c-c -c-c- :5, - c - i c - a -  c-c-”- ’- a -c- ‘ c - c - c - i , - c - c -  a-c-c -c--ic ’ Sc - ’:,’ c- - ‘ c - c  -, , ‘ S c - - c- c-t - c-c-c- ,

c- c- c - c - e c -  , ‘ i c - c - c - c -  c- c- c- s ‘. - ‘- : - c - -, c - c - .  S _ c -’- ,’ i _ _ c - c - c - - ,t~~
c- c- c -  c- ’ ‘ c - ,  c-c- . : ‘ ‘c- ’ - ’ - c- c- ‘ ‘c -c-- c - c - , ,

c - cl c - ,i l c -c-’ reducing t h e c- - c-l ative si gnificance of tIc-c other dimensions .
The three dimensional prof i les  for the s c - - s a - c - c - ic - c - elements when c - i l l  d imensions
c - c - re  equally wei ghted (unit wei ght ing) are shown in Fi gure I c -  fV -  . .  One
advantage for tic -c unit wei ghting approach is that it f a c i l i t a t e s  the
c-c-pp l ication of any other wei ghting system tic - c - it mi ght later be fe l t  to
be more appropriate , sinc e the impact score in each dimension can be con c-
t r c - c - c ted  or expanded by a simple nc-ulti p l i c -’ c - i t  ion by c - c - wei gh ting i c - ic tor .
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~~~. 
r - - —“--c-c- ‘c-c- - ~

c-c- ‘ ~~~~~~~~~~~~~~~~~~~~~~~ “ -—c- c- c- ’- ’- -c- ‘---c-_c-’ c - c -~~~~~~c - c - c -c- ‘ c - c - c - c - c - ’ c -  c - , c -~~~~ ,c- ~~~~~~~~~c-’ --—c-c--’- - — c - - -  --

“~c-i1 c-’i~ 
‘c- “ I5’~Ec-c- ,c-LC” ic-c-: - c-’ ‘ c - -c - c - c - c- c-a-c- . lIc-~

’ lc -iic - .2JI ,c -l c-c-i.2’S ’c - : I ,,c-

2 , 1 ” c - ’ c-~ ~‘a -c-c - c- ’ c -
~~~~~~c- c c -c o  c- ’ - c-’ -  

~‘iI c- c - c - ’ t i - ” c -,~1ar’ c - y st c - c -m  c c - c - c - c -’ c- , ‘it ,S ‘

by , - ‘c -f c - c- c -g c - I t ” S c -  ‘ S S ’ : ’S . - l c - , c - c - ’ i  lr’ c -c - ’ c-’ ” i c - s ’ ” c - c - - c - c  a c - ’I c- ’ir ~ c- ’ t ’ra-Tc-’c- c - c -~ ’,c- t c-a-l ec-c-c-enT’ Ic-c-
cc- c-c- c-h c- c- -cc- -c-c-’ . acn , i ’ c- ’ ‘ : c - c - ;  ta-c-c-c - t  ‘i,s , h-Ic-

c- t c -’c-c- c - c - l a - ’; c-c- c-c c-c- c - c - c -  c- c- a -~~~c- c-~~ s-c- c-c-r ‘~ 
- c-c- ia -c -cc- c - c - i.

r ’ c- c-c-c- - c - c - f  t S c - c - ’ ac-c-a-c-i~~~~~~~c 
c-” c - c - c -c- ic - c-c - , If r ich  ‘~~ c-’c- a-c-c- c- ed c-c-c-r e is ‘c-scci , each ic-c-ic-r~ c-c-r c-

c- c- c - ‘c - c - -  cons_c-, t - I J c -~a-c- c-,, c- c- ~~-_,c - — I  
~~~~ f c -t

A,j t ,c -’~c-a-c - c - t , l V rc -1 c -  , the tc-T4c--”, c- ” t  Sic-c-a-c-c ?or~ each ac tc -i c-~-it ,~
- c-c-c-c-c-, c-c-c -c ’ nc-cit Iplied by

a ‘c- c- c-c-Ic - c - i c - c -  c- r i g P c - a - c - I - a - c - ’  before i~a)-c - , i . rc-c-c- the c-, c -c - c --~,, a-c-c - c -- I - c - , .  A a-c-c -c -nc -t ea -of possi c-c--Ic -c-
c--c-c-’ I c - ’c -ic -t la- ir vc-,a-- t ‘c - c-c- a-re - , c-ec-c- :a-lb ec- ’i In Annex ,-~~~. Tic-c-c- tr c - c - c - , a c- ’t score for each
a -c -va-tern element c- a-c-: -c- ’c- t 1c c - c - ic - c -c-t c~’i c -c - t l, i2 , zi r ic-c-~ each of the several weighting
\c- (c- c- c - t C , c-c- c - c -  ‘ , ‘ ‘ c - c -  S : c- _ c- c- - c - c - c - c -  icc - ’ . The results are ~c- r’e~c-~ rc-ted in c-c-

c -1 1e  E—IV—2 .
l”i’cc-ic-’i these scores , c - :c -c - c -t c- c-2 system c-t c- c- - ’S~ ”I ’c - t ’ c -~~c- fla-pa--a-t sa-c-c--cs can be calculated
i c - v ‘ a - c - - c- ~ , c-~c- I ic-c -c -c- a-Ic-ten -c-c-Ic-c--c-cent sc-c-a-c-es c- ’c-y’ a-ba-se elements comprising a sIc-s—
f c - c - c - ’ . , ~‘ c - c -c - ’ ‘~ T Cc - c - c - dc-~sc c-’5  c - I c - h o c - c - S  c-~ c--i tIc -c c - c - ca - c - c - l t~~’c--- a-c- c-c -a-ten: we1~,tc-ted im~~ct :-cres
fc c-c- t he c-’ . ’ a - c - c - c - ’ c - c - ,l ‘;“ S _ c -  - c - c -’ 5, ‘ c - c - c - c - ’ c-ectoi’s are c - c - c -’c-ca-cnted ~~~~, Thble E —r J — 3 .  1~~c- ’

c-cc . l~~hted c-c-c-c-’ c-c- - c - -c - c -n are also c-c - 21c - ~‘c- c - c - c -S _/ c-c-c- c-i c-”i ’c-IiT, c - c - S _ c - c - c -c-l lv in F’~~-’c-i, -c - c - ’ E— Tf —~~~~, where the
c-c-I t ~ c-c-

,”- S are also c-~ -r 1a  -c- on t~ c-~ 0 ~ c-,c- i,3c-,tEic-c- also are
the ,r , ’, - ’ -’c- i a-c- c-t -’~ c- syster ~c - c - o a-es as ca1ou1at~~ ~~om the A ~~tr~~c alone ( see

c-c -c - c c - c - t S -a - c -’ c- III and c- c - c -c - c -b l e  E — I I I — 2 )  . I t  ban he seen that , a-c-c-’nierally , all
sc-a-tc-en,. c- sc-c-ore higher c- c-n c- c - c - er ’ tic-c ec-’aI-~at c - c - c - - c -’ pc--i,oc--’ity scheme than under
t ic-c - u ’, Yc-, weight ing cc - ’rc -t cc-rn . Yet is is also clear that the corre lation
i c - ’-tweec-’, the tw o sets of system scores Is very strc: c -p lv linear . This

‘l ies that even ‘ S f ’  all ic-c-c-cc c-ts are valued equal . 5 c - c - , a-electing, the
h i c -c-5hei3t c-c- o c-c-rinc-c-— c-fc-a-ic-c-c-ia- viii c- crc-a-lt in a c-b c -a- Ic-ce c--c-c-, c - t- c - i  satisfies the
ec-,-a-ic- c- at cc -n c-c- ’ hc-rc-c-ac-c- act ic-c-’Sty c- ~-‘S. ’ rS c - - i c - - c - c - .

I t  “c-c-, ab c-c- be observed c-c-ic-a -t ta -only two cases —Jo c - c - it c-c- ’c -’ c -~~~~
t Ic-,c-e

s ;a-teim - c- c-c- c - , I : ’c- S_ c - , their rank order c
c--f  c- ’r ’eC c- c - c - c- er c - c - c -e c-c -a -- c-c-c-c-iL- Cc - c  -the equal weight-

Ing, scheme and the tic-c-c- cc-ct c-’c- ’tc-a-ritiea - of the evaluators. These are sys—
~ and 12 , c-c- -tic - iSa - ic - c - -Ic -i c-tic-c-c- land ‘ rc--ctc-’, - ’ c - , L a-itc-a-c-’na-tives. The

change ic-c- rank, however , c-c-c-nc-c-c- ,r c-t s only to an increase of two in the rank
~c-ra-I’c- ’c- ’ lIst’ fa-r system 12 , and one for system 8.

J i c -c - c-ignores I hcc-c- :‘a--,c-t that the reference sy c-c-t- c-’c-c-c- , alternative I , nc-c-c-c-
a-c - ,  evaluatc-:-rs ’ score which se c-c-s ‘S c - a -- c - c - c - c - c - c -c - c - ic - c - c -c- c - c - t vrS_ I , l c  -the scores of c-c-,-t her
c-c -v s- tc -c-rra-c-c- . Thc-’c-t c-i c-c- , systec-a- 1, c - c - c - c- c - i  c-c - I , is alc- - ‘c - -c - c-c-~~

c- Sc - - 1, ac-c--c- ears to score
a-rc-c-’c-~whrc-t lower ha-u , nc-ic-f t tc--e Ic-ndicatec-c-i tic -r-o-a-g ic - the c-c-ppl ’S-c -’c-t I” , . of the

“c-c- c - c - f  t .2c - ’ ,c-~ c - c - hc -’~ne , or the c-c-c-v- ic-f f r  of t ic - c c -  c-tb - c-’:’ - c-c-a-jc-cbs . ~~iIs nlg~t
- - x c - 5 -  S c - !~’ c -  ic-y I kc-e Ic-c - c - c t e ia - c - t  the evaluators ‘c - c -- c-c-c-r ’ ‘ ‘c-c- ic -c -trc -c-Cc- ~.c- c - c - t -c- ’ fix

ic-c-ia-’ i c - - c - c - ‘c -‘ti -c - c-— c-’ thc-c-- :‘efc-c-c - ’c- c - c - c- ”:-a- c S c- c-c -c - T , c -c - c - c - c - c -c- c- c- c- c- the c- c- -a -c- -n lec-c-’c - c - l .  Fia-’c-c-r- . c- ~c-_ 5jc-c-j._ a-
a- c-c- .c-,cc-c-a- a-c- t c - : f  t h .c- . c-c-- a - c - c -c -c - a - Ti c - i c - c - a c-t of’ zero score to Syst~ n I (Referenc e Systec-c-c-)

was somewhat artificial , and t c- c-c - it to be consisten t with the evaluato rs ’
sec-c-c- ri- of about 65.0. Giving c--i c-c-tern I a 65.0 rating would also necessitate
addi nc- fc-5 •

(’) points to all other systems ratings , resul t ing ic-n no change in
overall system ranking . As it stands , the evaluatcrs prefer systems 3 ,8,
and 9 to the referenc e system ; the former is a physical c-chemical syst em ,
while the latter two are distributed land alternatives . This inconsistcn .
in any cc - c - se , is of mmor impor tance , since 18 systems c - c - r i - distinctl y
preferred to the reference sc-atern.

In Fi gure I c -  T\’ c-3 tic-a -d c-ea- t of the fina l eva lua tor s ’ H vec tor may
also c-c c - c - c -,c - c -c -~~c- IT c - c- c- c - i ic-t i th the e ffec t of the impact pri ori t i es prepar ed byt he cc~n mercc - c - a l / j n d ustri c - c - c -1 panel . The c-’a’ c -c- ,h i c - , n l - ors can be seen to sc-ore
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alternative systen~ consistently more highly than would the coim~ rcial/
industrial group. The strength of the relationship between the scores
using these two sets of human impact weights can be compared visually
by imagining straight lines drawn through both groups of points . If
the lines are on top of each other , both groups are rat ing the alterna-
tives with the sasre numerical values . If the lines are parallel to each
other , there is strong consistency between the evaluation panels in
their interpretation of system impacts. If’ the lines diverge , that
is, if’ the distance between them increases regularly with increasing
scores , consistency between panels still exists. Should the lines
converge, the two groups would be inconsistent in their assessment of
the alternatives.

It should be evident that lines drawn through the points represent-
ing evaluators ’ scores and con~~rcial/industr1al panel scores would
diverge slightly , indicating that the-two groups appear to be in close
agreement as to which systems are best and which are worst .

A similar conclusion may be drawn from the relationship between
the effect of the final evaluators ’ scores and those developed using
the H vector prepared by the panel of planners which is also evident
in Figure E—IV—3 . The evaluators ’ priority system rates all alternative
systems consistently higher than does the planners ’ priority set , but
the patterns of points representing the sets of scores suggests very
strong agreement between the groups on the preferred systems.

At least two general implications of this sensitivity analysis
should be considered. First, the relative priority weights for human
Impacts developed by all of the panels , the evaluators, the conii~rcial/
industrial group, and the planners have a consistently equivalent effect
on the final scores for the alternative systems . In other words , even
though an examination of the priority weights developed by each group
indicates some important differences of opinion , these differences are
in human activity dimensions which are relatively unimportant in tern~of the impacts of the wastewater treatment alternatives . In those
dimensions which are of major importance for this evaluation , those
impacts which have a determining effect on the total system scores , all
of the panels seem to agree on the relative importance of human activities.

INTERPRETATION OF SYSTEM SCORES

Several patterns are illustrated by the raniced syst~ n scores.
Generally, the most favored systems are those which include some
advanced biological treatment facilities . Some of these are~~1i~ S plant
plus 6 land alternatives, which treat wastewater from suburban areas

E-IV-l2
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using land trc’ t~~nt .  More specIfically , the top six systems , In terms
of ranks based on matrix scores , all include advanced biological plants;

— four of these six , including the most preferred system, are 5 plant plus
6 land alternatives . This suggests that the evaluators view both AB and
land systems as relatively attractive alternatives. Probably because of
the negative impacts associated with the taking of large tracts of land
for the pure land alternatives, the distributed land plus plants concept
Is preferred.

F~rthermore, it was suggested that the combination of AB plants andland treatment, with the latter serving the outlying areas around Chicago,
seems particularly attractive from the perspectives of both the logical
staging of construction and allowing feasibility testing of the land
treatment concept on a large scale. For example, it ~~uld be possible
to begin to expand and convert the five metropolitan CB plants, targeted
to be used for the advanced biological concept, in the next few years.

• In the meantime, full scale tests of land treatment strategy could be
carrIed out within the C—SELM area. If these tests served to prove the
land concept, the 5 plant plus land scheme could be implemented. If not,
it should then be possible to implement the 17 plant AB system, which
would be built on the core of the S AB plants selected initially.

The rank order table also shows that the top ranking 8 alternatIves
all include land reclamation as the mechanism for sludge treatment. In
fact, when all other elements of any two alternatives are the same, the
evaluators indicate substantial preference for land reclamation over
agricultural application for all types of systems except the physical—
chemical and conventional biological alternatives. For those two con-
cepts the land reclamation option was not considered .

Similarly, when all other elements of any two system alternatives
are the same, the evaluators expressed an obvious preference for obtain-
ing potable water through reuse of treated wastewater, as opposed to
drawing additional water from Lake Michigan.

Finally, In the case of all alternatives containing land treatment
facilities, those systems including the power synergism are always
preferred to systems which are Identical except for the absence of power.

‘Ik7fAL ~YST~ 1 IMPACTS IN TF~ HUMAN ACTTVTTY DIMENS ION

Th~- array of’ system element impacts presented in ‘l’äble E—IV—l can
be further combined to reveal the Impact of a complete system (an
alternative with a particular selection of options) in each human
activity dimension. This Is acnom1 lished by summing the impacts in
each dimens ion indicated for’ that set of system elements comprising a
single syst ’m . The result~ of such an analysim are displayed In ThbleE—IV—14 .

The I O W ~ of Thble E—IV-14 are organized in descending order accord-
ing to waotewat(’r management alternative (I to V) and within alternative
by system number ac ’erdthg to the type of sludge disposal and then accord-.
ing to rot~ft11 e wat r~T sypply . The dimensions of human activity are ordered

~~~ to place those with the most positive impac t on the ief’t Side of
the table ar~ tho~v’ with the most negative Lmj act ) n  the right sdd~-’ .

C ; f f l O t L ’lt ~IOfl of th table reveals t 11:j t all ~,vctems prrduce substantial
po~ It . I VU’ thipac to on ae: t hot c~- , ecosyst m ~ L O t 1J ~ and 1’U’cp(~-~t 1 . For
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Alternative II (the PC alternat ive) all ct~ r~~cm-”ni s ‘~ , ,l r 7~l -~~ ~vo.
Alternative III (17 plant AB) , by contrast , ~ u~~c L~~’ s L Ing: to ma leratI?
positive impacts in all human activitll’s except c a n ,t r t i c t i cn  y’-~~j (~~~

and coninercial and industrial production . Alt or ti -a ’ V (5 AB plants +

land) with land reclamat ion for sludge r I ~agCmI -a~ Is nearly I Jentlc’iI
in impact allocation to alternative III . Alterna~iv~ V ;cit.’~ i~~I

utilization of slr,dge produces substantially :nu~~ ~-~t ice impact-s In t f l O
areas relat ing to economic activity ( right side of tul le) .  Alternat ive
IV (land treatment ) produces substantially more negatlv ’ tmp~ic t s  han
any other alternative except II , although t h I  p :i t t  - a n  is sini lan 1 0
alternative V.

SYST~~1 IMPACTS IN ThE THREE FUNDPINENTAL DINEN:~ -

The aggregate Impacts of the 2~ systems in each of the t r e- -
fundamental dimensions (economi c , human , food product ion) can l e
calculated by sunirrinz for each dimension , he i mr-as~ s of the -ir - -p niate
system elements comprising the systems . These :i0’~tr eCOte Impacts are
displayed graphically in F i rure E—IV— 14 . It  is interesting to note that
none of the systems produce positivt impacts in the economi c dimension
(some are far sore negative than others ) and all produce positive impacts
in the human—ecological dimension ( again some -me far more posit lye t uan
others). The impact for food production is c’ene r ’a ij y  sm l1 f’or all cyst-em: ,
and negative only for the systems utilizing physical—chcnical treatment
(systems 2 and 3) .  The small Impact on food rr ’~d 1ct ion was expected since
the ImplIcitly weighted system element scores were rn ’ed rather than  the
unit—weighted ones in calculating the oyst~~rs scores . As was indicat ed
earlier , an equal weighting of each of’ the t hree dimension: WI~U Jd change
the graphs only to the extent that the food prod uct -i on score would he
ma~~ ified several—fold .

The fact that food production impact scores ar r’ small su~t-~ -s-t ed t hat a
look at the impacts resulting from the two pr incir lal  ir nt ’r lens (ec onomic
and human ) alone might he revealing . Recall that- these two L i lensilci:
contribute about equally to the average system scores and tha t  the I W O
tc~~ I - t ~~~~ - E ’  account for about ~Rf ’ of the variation in ‘vot . r c  OcOl eS .

First to be examined are the system element scores . Ffr~u I e  ~- —P J--~ in
a graphical display of the 26 system elements piot 1~~i acce id l ur - t~o t l I ’l r
scores in each of the  two fundamental dimensions : eceneiclc ( v e r t i c a l  ox~ o)
and human (horizontal axis) .  Thus element if in t h e  - ~~~~ tat a’or-l nn
element in the human dimension whi le  ci em -nt IC ~ is the hi ~Tht st scoring
element in the econ omic dimension . rIlh(I diagonal l in es pOpl esI lni corit Ined
Impact scores if the two dimensions are weight ‘ -d I q I L - I U y .  iliglia’ (mol t -
positive ) combined impacts correspond 1o diagonals near the l~~p~~ I ll _ ! I I~~~~~t

corner of the graph while low (more negat ive ) 001111 m c d  hcna - - 1 SOFt ’

corre spond to the diagonal s at the 1OWI ’S left en ’n ree of t h l - O’ ~~l’~
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These system element impact scores can also be utilized to
calculate total system scores in these two dimensions . Figure E—IV—6
provides a graphical -d i splay of these system scores in the economic
(v~-r’t-ical) wad hirmsu i (hori cerital) -II~ nsions. Again the diagonal lines
represent the combined L a ç a - t  scores for the two dimensions according te
their implicit (unequal ) weigh ’. ings . The numerical score far - a system as
shown on this graph relates directly to the unit—weighted system score
shown in Table E—IV—~ in that the difference between the unit—weighted
5COP~ and the score from Figure E—IV—6 is the score attributable to food
production . A major advantage of this graphical presentation Is t hat it
penrilts the reader to examine visually the consequences of any desired
weightings of the two dimensions of impact. That is , the vertical or
horizontal scale could be multiplied by some number to ma~ iify tb- effect
of that dimension. The impact scores in the economic dimension could be
arbitrarily doubled to make the contribution of that dimension twice that
of the human dimension. Such a change would cause the diagonal lines to
be sloped less steeply downward to the right and compressing the lines
more tightly together .

DISPARATE VIE~1POINTS :

When the system scores for individual judges are examined , it is
found that there is considerable disagreement about the impacts. Only
the major conclusions are suimnarized here. Details about ~he specificdifferences and methods of analysis are contained in Annex B. The
infor~natlon contained there is Important , because it allows the
individual viewpoints to be examined . If there is reason to value one
expert’s jud~ nent over that of amother , this can be done at the discretion
of the reader. It is also possible to identify questions about why a
given judge responded the way he did . Such question , if not ancw’r’ed In :
the narrative section of this report, can then be addressed to the
appropriate j udge for explanation .

Mathematical analysis of the inter—judge differences among system
scores shows that there are seven independent dimensions of jud~ nent being
expressed. In other words, we can simplify the thirteen overlapping judges
into seven contrived independent “judges. ” Some of these contrived “judges”
are represented more strongly in the real panel than others , suggesting
that our panel is biased . That is, some viewpoints are being s-iven more
emphasis in the average results. When this bias is removed mathematical ly,
the effect is generally a relative increase in scores for systems with
potable reuse and a~~’icultural sludge disposal . Ther e ¶c a r elat i ve
lowering of the type V system scores. The land systems with land reclazaat ~~~~
tend to fall slightly while land systems with agricultural sledge d1spo::i~
tend to rise slightly. The system with the best “unbiased” average scoi-~ i s
number 7 (17 plant AR with land reclamation and potable reuse), followed t-y
114 (land treatment ) , 23 (AR plus land), 14 (17 plant AR), and 15 (land
treatment).  The best, three all Include land reclamation and pat aPI ’ - cr151 1 .

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



if it : t s be:  ~e~;eU that the jedgec are all —q iJ ly credible and that
-~~t 5 1~~~~~1~l l : ~~~ ~~~~ t I  ~~~~~~~ I5~. J~~ con s ’.o r ing  ~o. incomplete and somewhat
dlt’fore-ro raat of tr :e- -ho:le, t hen the- ablased ~vevage Is the most
‘. anine~~d cc-c s ~sise - - I C .  r10 c’-’re-r1 , sc’ : :a- -~a ar c- more trITest than
other c~ the i-isse .~ v ia  is hec-t , he cai Lse U tar r— ’~- ir :f~u-~-noed by
crrc~-nsus , i.e • , overly reps-esenteo p:- ~r.I a of via ~;.

Inì general there ~s ii nagl ’eonrter:t atc ut all :cyrst~ as, except the
reference systea , Wh~~ fl is  zero in all viewpoints by deflultion . For the
other cy st -sins , there is r b-oat twa- - as much disagreement on #3 (PC) where
the ler~~t - consensus occurs , as on #7 (17 plant AR) where consensus is best.

y:tem #7 is also the most desirable with regard to the unbiased average
score . ~iysteics 2 and 3 (t oth lL~) ,  which are among the least desirable , are
also among hose for which disagreement is greatest . The only other
oL:i-ar:s I~11gJar ~i t y  is i hat . the systems including the poWer option are all in

fl~~ :iJidle range of iica~-rn-emI r 1t at about the same level.

When the t hir l e-ra: j udges are simplified mathematically into the seven
r:,k uennnent Iticensions of j ud~~ient , and when these seven dimensions are
weighted equally to remove bias , it is possible to examine multivariate
differences among systems . That is , it is possible to compare systems in
terms of all the points of view , including all disagreements. When
comparisons are made in terms of average scores , mach of the individual
vicar-slut is lost . If it is assumed that each j udge has expressed an
important and valid r at-f of the impact , the multivariate comparison among
systems Is mor ’~- meaningful than the average. Analysis shows that the
potable need s opt ~on has relatively little effect on impact and is the least
ars--ortant system variable. It  this option is removed , we can reduce the set
ef systems from 23 to 12 wi t-h a loss of only about 15% of all inter—system
differences.

With regard to system types IV and V, the sludge disposal option
creates great-n- differences in impact than the treatment process when power
is not present. However, when power is present, differences in treatment
processes are more :r-s-ort ant than sludge disposal. In fact, type IV with
power resent los type TTT in tota l impact more than it resembles any other
system cat egory ,  cnclu I i~ ug type IV without power . Type V and type IV without
power tend to r - - -semhle t h c 1  reference system more than they resemble type III
or t ype IV w i t h  ~~O ’ C i . Types I , III , TV and V are more similar to each other
than to syst - -n “-p- - II ( the physical—chemical treatment) . This treatment
n I - c e s s o in a ca t ’-~ar-y by i tself , producing a very different spect~~~ of
imp- -a - r n .

~tf T r u - t  in :  ~Lfll -art-lanat -ion of the specifi c ways the ju dges disagree
wi t- h ~-ush - -~~ -a 1: too complex a task to i n c l u d e  in t h i s  sniruinry . The
Ii at :n . ii Annex B shows that the disagreement is extensive with
re ’pE- e t- to t r - atm enr t  iF ’Ocesrc , sludge disposal , power , and potable reuse .
Ph~r - 1isn:’t-~’ement s ‘5’I — los ~l ’ i t P (t  in the Annex , and a s implif ied version of
t b - -  - l ividis -il t— nna t r - x al l -as the ny-ndei- to recon struct the specific
ti :racts t h d  t ave t - -eu j udg~Id t o  occur . For explanation of these tmpacts ,
the rr:o -i -at Lye - m s  - r : t . s  ~n foo t - i on  V and/or the Judge 1 inc 11’ must be consulted.
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SECTION \T : THE IMPAC~~ Af EXPLAINED Y ~}lE i~LUATION TEAM

INTEODUCTION

The preceding sections describe the results of the numerical
estimates of system im pacts. This section identifies the implications
envisioned by individual member s of the evaluation team, while rating
the numerical “A” matrix ( social—envirormental) impacts. The stimu-
lation of such coments was one of the pr imr~ry purposes of the numerical
procedure .

We recognized from the start that technological impact is a corn—
plex multi—disciplinary phenomenon that cannot be treated adequately by
any one person or discipline . Therefore , a panel of varied specialists
was selected , and a strategy developed that could extract their wisdom.
The strategy is multi—faceted, focusing on several objectives.

1. Educating the panel members about the alternative systems and
their impact processes;

2. Catalyzing comm unication and interaction among the various
academic disciplines;

3. Forcing numerical judgements on specific aspects of impact as
defined in the matrix structure, and

14. St imulating the panelists to examine the system impacts micro-
scopically and systematically and to record their comments
on and explanations of specific Im pacts.

In a sense , the numerical procedure might be regarded as an edu—
cat ional game , with verbalized conirnents and explanations from indlvid-
ual panelists being the ultimate product. When viewed In this way , the
numbers are a means to an end rather than an end in themselves. Never-
theless we believe we have shown that numerical analyses contain much
useful descr ipt ive information. Likewise we believe tha t the following
narrative contains useful explanations .

Where consensus occurs , It is clearly incii-’r i t t -d . c-never , in
several instances different .  points of view were exj rt s5€~i ~- - -n : :en -nsh ~~
the impacts of particular system elements. (~~~- :  - cJ . e:-: ~ f t  a t -  :~n tcat.
analysis of the different view points) When - u l f f t - n -  -na - -s 1
exist the several opinions are each ~- x r n e c c ’~ n . ~ h- - ‘ v ’~’- I n n s  t m -  - s—
-:as :ed in t~ r’mns of the five module c-atcocm - le s , — n o I  -r:p :is-s b g  the  :‘a t  t ’t:
and, additionally, includes a hl m — c u s s i e n  of t he  - :- n - P~us - - ana5 -

~
-

proposals for - i l l  oxcci-,r - t d  not - r i -na t - .
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1-P on: nr.i

onnrner-cial Production
Industrial Production
A~ ’icultural Product ion
Industrial Production
Construct ion Services
E~nployment
Income
Consumption of Goods and Services
Public Finance

COLLECTION, TRANSPORTATION AND STORAGE OF INPUT WATER

Conments in this category are related to 1) impacts arising from
the collection and storage of stormwater ; and 2) impacts attributable
to the differences in collection, transportation, and storage required
by differing numbers and locations of treatment facilities.

MANAG~ €NT OF STORMWATER

The reference system (I) provides for management of some urban and
suburban stormwater. Common to all the NDCP alternatives (systems II,
III , IV and V) however, is the management of nearly all of the stormwater
in rural , suburban and urban areas.

Some of the most positive impacts ascribed to the various waste—
water management components in our evaluation show up in surface water
quantity and quality as affected by the collection, transportation and
storage component . The evaluators very clearly attribute this to the
stormwater management provisions of the Alternatives II through V and
this is reflected in the essentially equivalent positive scores for all
these systems. Since in this category we are dealing with collection
and storage (treatment Is considered in a latter section), surface
water quantity is judged to be somewhat more positively affected than
quality when Alternatives II through V are compared to Alternative I.
The reasons for this become clearer in the following discussion.

Ecological

a. Surface Water Quality Surface water quality is impr-’oved by
prevention of sudden inflwces of large quantities of pollutants con-
tained in overload flows that occur during storms . “First flush”
stormwater and a~ ’icultural runoff contain a high level of BOD andsusper~Ied solids, as shown on Thble E—V—l .

_ _  A



TABLE h— V — i

STORM RUNOFF QUALI~N PARAMETERS

Soluble Phosphorus BOD Suspended Solid:
a - a c -  f a n  ~-1~/l t’~~/l Mg/l

cLu— crveu by
ru ; in s - I  ~~ ,‘Jei’o 1.0 10 130

- nb ir t-an—Served
L:,’ Separate Sewers 0.25 20 500

Rural —Served by
( Partially)
Storm Sewers 1.0 10 550

* Reference Appendix A

hu:t of the storm runoff , including agricultural runoff, eventually
finds its way to C_SEIJVI streams rather than Lake Michigan . Therefore ,
except for a few urban areas like Gary, Hammond , Whiting and East
tricago in Indiana and Lake County in Illinois, where other storm—
water management techniques are necessary, the major improvement in
water quality from stormwater collection will occur in the streams,
not Lake Michiran .

b.  Surface Water Quantity Surface water quantity is effectively
regulated through the collection and storage of substantially all run-
off in the C-SELM area. Temporal and spatial availability of surface
water is thus controlled . Flood plain relief achieved thereby in the
—SF~LE area is calculated to be 59,900 acres.

c. Subsurface Water Quality and Quantity Subsurface water quality
- a t  quant~ t .v is not expected to be affected since the storage impound—
nients are t i  be scaled . On the other hand , these impoundment s could be
located rcid in :nigmient so as to enhance groundwater recharge, particularly
i i i  suburban “ ree l ce n t -e i - s ” . In such suburban “need centers” the
quant i ty of groundwater would be increased and the evaluators viewed
tI P - r : ivor- - t L l y  (porttively ) . The groundwater quality may be sornewivit

n n i t ’a v o n - r b ly (n ‘ na - nt  I ve ly )  affected , particularly in t urns ~f ‘11)5 (Total
bi nsol v-nd hr in:~ at t I n e  final Use -or the water s inon i l l not be inn~cdn- n~i.
Overall, the ; -v n ij u : n t i mn t~~I :5n at -’ \l t i n i t  a n i t l v t ’l and ~-;~~r mni ’ ;n iJs

n -  I cv- - I  i -- n r - of Li is ass il-i l  i~ a.

~

- -

~ 

_
~~~ -~~~~~~ --- -~~~ ~--—~~~ ~- -- -



d. In~ ergy Fresoui -sc-s ~-ne ncgatlve impact of the storrrr~:ater manage—
n:ent aspect of’ the ~‘lXIP Ait- -~r-r iat ivec Is on energy resources . This is
negative only in the context of consumption of energy. Considerable
energy (calculated at l2~0 megawatt hours/day in 1990) is required to
pump stormwater which has been collected around the C—SELM area for
storage and treatment . As the above figure indicates , however , there
is no discrimination among the several NDCP alternatives in this
respect .

e. Biotic Coninunities Construction of rural stonnwater manage-
ment systems results in an increase of standing water biotic ccxmiunities
(ponds) and a reduction in flowing water (streams) and terrestrial
con~iiunit1es (land areas). This trade-off is not viewed as having a
negative effect on the distribution or diversity of biotic cornrrw’~ities
in areas already highly modified by man . In undisturbed areas , however ,
such management is potentially destructive of certain types of biotic
coniiiunlties (e .g. ,  prairie patches, marshes , forest stands ) and unique
or rare species (e.g., Prairie Chicken). The specific site character-
istics of all such areas must therefore be studied; some areas may be
used if extreme care is taken , while others may have to be ccznpletely
avoided . The nature of the C-SETJ4 study did not enable detailed design
locations nor impact analysis of specific locations . Stormwater storage
lagoons should not create any mosguito problems, due to fluctuating water
levels and the presence of viable fish populations .

Social

a. Public and Private Service There will be some degree of
disrupt ion in t erms of public and private access to transportation and
corryriunication services at the t ime of construction of the collection
arid storage systems (pipelines and Impoundments) which results in a

• temporary negative impact . Over t ime , however , this should prove
minimal .

b. Recreation Opportunities There will definitely be an in-
crease in recreational and open space because of the stormwater manage-
ment characteristics of Alternatives II — V. Some part of this could
be potentially provided by the streams and the adjoining flood plain.
Another part will be provided by the rural and suburban stormwater
impoundment s if properly desigued and made accessible to the public.
Purthermore, these facilities should be desigred as a recreational
resource; they should , if at all possible , be accessible to the public
for boat ing, fishing and picnicing.

c. Present and Potent ial Land Use An equal amount of land is
required by Alternat ives Il—V for rural and suburban storage to effect
the regulation of stormwater , viz. 20 ,300 acres of suburban land pur-
chased for 1990, 17,5)48 acres of rural land purchased and 1014,1148 acres
utilized In 1990. Offsetting these losses is the 59,900 acre gain from
floodplain relief noted above . Some negative impact on agricultural
land use is suggested by the evaluators for those areas where land Is
taken out of production for stormwater storage . With careful siting ,

E-V-5
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this trnwnic t should 1-u minimal. The rural and cuL- Lr-bar A Thi1 ow iiri rnt s
must be sited cc as to not seriously inter fer e wLth  pn - s-:nrt n-es I i - - t i c .
land use or in: areas whi -lr have hi~h potential fcc - c c c i i  iSe.  i-cr cx—
annie , the Por ter °eunty , Indiana ~lte- , used fe I I c~- tn it lee ri - - -c
1’: the —c Eiii le~- t 1~~ en~-- i : s - r -  has a p0 1- n s - - b u d S - a  i -  -an - n - on -ra n r-s Pn .
taa’e are presently a great many modern - & r S l  -

~~~~
- - - -. - 

. P~
- i - : 1  h

course , that tom - sort cf problem ‘Pi t  be olv iot  - ac hi ni - r
of all system components would 1 nn-i-ied rot c- i-: cf’ - - n i l
investigation. But the Ic nc ident focusca rittont is a - In  — fnie t I rd
there are certain areas——such as this mor-aina l nc-eu in P r-ten-
which by virtue of their soils rind location near ~~ 

- at i n n  01 u•hd
centers are eminently suitable for residential for-nose-:. It would to:
wise to recognize this in locat ing the management era ’ - nc - so na to cv -

considerable phasing out of the ponds from their - pl imra: :: st cra icat - c-
collection use when an area changes its land—use clesin-t~ nt io r . Si the
other hand , the pond s can be phased quite well into the ur ban c~ v-i: n—
ment .

The use of flood plain lands made available by flow contro l n-c :t
be carefully regulated . Such lands should be reserved f~ i 

- isp - -

culture, recreat ion , and other open space uses for only these t :~ e.: -

activities can sustain flooding over t ile-.

Aesthetic

a. Residential/Open Space Quality h u e  stormwater stor-ure pond s
should be landscaped so as to complement residential and e j - e c s - ic-
land use; irregular shoreline and aesthetically p ]e a cinn ra - P i e r  - - -said
be desirable . Accord ing to the information received from the r n -- i~:~ ~n-
ing consultant , these design criteria would be incorporated .

The above improvements in surface water quantity and quail ly any
be accompanied by some enhancement of’ sensory quali ty ,  for example
clearer water In C_SELIVI streams (not choked with algae and deLi - i  s~)
and relief from flood ing unsightliness.

Hygienic

a. Health The evaluation team has :x~- r - -n- nnt ~ l n itric concer n n - c  i n n —
tive to the use of stonm~rater impoundments fr: - Lo ly contac t i - -c r - -a) P r : .
Effective monitoring is sugrested prior to ann ) i w - i n i g  the :1:: - of t i t - . - -
impoundment s for swimming . The use of li nr oin n m i - n - : ;  5- -i - U n esn - i i - ;  - - s -

if desired by rural coriinunit is- n , would i-e~u h - e- ni~ pno~ r - i r n t - -  ~- I : l r i n c t  i - - I :
to meet all health standard s set for- Indiana ru s t  I l l inois.

b. Saf t y The n~~ l ict Ion in flood Ir a reLent l a l  fo r -  — : ‘I - I - ~ - r n
(59 ,000 acres) has a [I c - c i t .  posit iv-: l w — - - -t on Li I; - .r n f ~ y of u- I n
and tevn -lopment row located i i  or iou fl - I a I a

- - r n  i t  - n a r r n n n n nt rw r nt i i  c i i i  - - c i i i n  r - I -i a I ’ - - - - - —

trot — ci  - le n--ore safe In ; I Li - s ’ - r~ r : - -s n - a n - r n  r n — ’ ~
- - r i  -~ ‘ : 1 : .



Economic

a. Income. Ways should be found to minimize the impact of storm-
water management impoundments on the land—use , an-) i n o l n i r d v In  t ne
rural areas . Perhaps a lease arrangement similar to that I r o t o~~’ -u Ion
the land treatment areas outside the C—SELM Region con r id be arranged
which would allow the fanner to continue to farm the land ut ilized for

— rural storm water treatment . Also in some situations , access to t~l nu-
water Impoundment s may be provided for stock watering .

NUMBER AND LOCATION OF TREATMENT PLAN~~ AND LAND SITEf’--EFF’ECT ON
COLLEC’TION AND SIORAGE

As the number of treatment plants decreases , an increase is ex-
pected In the number and length of pipelines and tunnels for wastewater
conveyance , though the specific location of the plants also is a factor.
The ~~‘aphics provided by the design consultant appear to confirm this
expectation .

Ecological

a. Terrestrial Biotic Communities Most of the impacts associated
with the construction of the conveyance system (pipelines) would cause
only t~~porary and localized environmental disruptions. Comments are
directed at the disturbance of biotic communities and unique or rare
things which would be irreparably altered and which are likely to
accompany pipeline construction . The more extensive these pipelines

• the more negative this impact is judged to be. For example , pipelines
that impact on the Indiana Dunes National Lakeshore , an area encompass-
ing several unique and particularly fragile biotic communities , and
other sImilar natural areas , are considered to be especially deleterious.

Thnnel construction will not , necessarily, involve surface dis—
ruptlon . In fact , the removed tunnel spoil materials can be put to
good use , as discussed later .

b. Mineral Resources The extensiveness of the conveyance system
is not judged a: having a negative impact on mineral resources. This
is probably because the evaluators felt that the resources consumed In
pipeline construction were relatively abundant and because the tunneling
will produce considerable quantities of aggnegate materials.

Social

a. Access Various disruptions to access (communication foci  t i tles ,
transportation, etc.)  will occur when the pipeline conveyance n: ~ -etc
of the wastewater management systems are con:t :nrcto-1 . These : I i s r i n p t l o n : r ;
will primarily be temporary inconveniences c l n u nnc t - r l st ic  of’ c o r n - t i n - ~~
such as traff ic rerout ing, etc .  

--~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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h.  i - -ct -r t i a l  L;c rI IJOL - h~ n~: 1 uc rn t  I r a :  of :: -wntg - cor;vuyncico pipeline-::
- :1 1 1 int ’inr  -ric o resi’k-ntiai nIe ’i - topr’i -n i t : ; , inn partic:iI-c’. -Ir-owt h ~ I Ii

ow con ‘c- -:, :00 lien -nc , if free nice ena-~ pr-ovl I~ l

The - n a t i n :  t In ;  i n a n e-tn expected wh et : i~~clementing the pipeline
:c-n:; - -yii :~ cy st - cm include noise , dust and visual contracts with normal

a n P  i n . :. St v l o u i l y ,  t i n : -  rnira o pip lia : conveyance irnv cd ved , t l n fr 
t’--r- n~~ s :r _ : 1 L: ui -2 of t l n i  n ::pnnct.

Fi y ai- n L :

Pipeline construction guidelines dictate safety requirements. The
evaluators have accepted these guidelines as acceptable assurance of
adequate safety measures .

E-:con nordc

a. Energy Resources Though the several systems differ very
l ittle in their overall energy requirements for stoninwater management ,
they do differ in their energy requirements for wastewater conveyance
as a result of the differing numbers and locations of the treatment
faci l i t i es .  It is calculated that 5~48 megawatt hours/day will be re—
i;ntre 1 for Alternative I in 1990 , 592 for II , 567 for III , 801 for IV
and 7lL~ for V. The total energy requirements for these combined func—
Lions is considered sufficiently large to judge all NDCP Alternatives
as having a negative impact with respect to this parameter. Differences
between the NDCP sytems are considered large enough to j udge Alternative
17 as havingamuch gneater n-~ngative impact in terms of electrical con—
sumpt ion than Alternative II and III , with system V having an inter-
mediate negative impact when compared to Alternatives II , III and IV.

TRFAIT€WI’ FACILITIES AND PROCESSES

In assessing the impacts resulting from the treatment facilities
and r-r-o cn -e- :nc- s- , tire -v- ulrna t :or-n ; viewed these as “factories” (structures
:n nc it r -  a n n -n :: w i t h i n ,  which the wactewater treatment processes takes
b c  - )  n - r i )  I out r-eaar\ I 0: i the f inal  product. fin n -~;e the improvement In

w i L -r - i ci l i t - v  1. ; -v ; nJnn ~ t nx j in a different crete-gor y and i n ;  considered
I - i t  n - n -  i n :  t 1 :1 :  ‘P ier : , it would then be under-stan: able that the impacts
f tr-c- nLrn -n: t . I n n : ;  i i i  t i - -c rind pr-nc -n cr -- c :~~e nnn o n ;t ly  n : ’ c ’n r t ive , r -ef lect in i 1—

‘ l i - - cn ~n :i rnpt . I - i :  oI 1- inid , c - n - -I-spy rind rinic or nnl n -sn-niece: B~ t ine - ‘win --tru e—
I I c r1 i i i - I -e n - -  it . i n  I - f “ i n n  - t .~ i I a” . Moreover , Li in ‘5-0 “l nnc t~ t 1 - : ; ” a f leet.
• c n n s o-:.- -inc i r n - s t - l i t I: qualit i-n i i i  t i n - i n ’  v i c i n i t y , pi odinec - air -  i c i l u —
tau nt and i n n  I - i t i ” no: -n ; n ’  iii to -tn of t e n t  nra -r t n t  I - n , 0 n - un: i t :  a r n ion

1 I - — - - n v I - - — 



in this category of system elements, several themes of comments
emerge: a) advanced biological treatment versus physical—chemical
treatment , b) land treatmen t versus advanced biological treatment ;
and c) the effect of number of’ plants, number of land sites, or mix
configuration on various impacts. Each theme is discussed below .

ADVANCED BIOLOGICAL TREA1TVIENT VS. PHYSICAL-CHEMICAL TREAIT’4EN2

Ecological

a. Air ~~ality Because of the incineration processes associated
with PC plants , the Impact on air pollution and sensory quality in urban
areas is expected to be si~~ii.ficantly more negative than corresporxl lng
Impacts fran AB plants as shown in Table E-.V-2.
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b. hi -c t Ic ‘on-u n-unit ic-c Althcugl. the n r ;n , : :~ nu n u el i -ct rem it i-°~s~~ i
of air polLnt -r i r :t n r n n ~~-n: t3n : or. biota are not well i~ cnurncnin - od in n t i c  lit-
erature e-ninec ially at the levels indicated above , the evaluators- felt
that the P2 n’roce :c relative to the AS and land r ;r -c-cc-sses l - I - ~~i n n -e s
ernissier n: that may have- a long term negative effect on b io t i c  coniiiunlties
whw i arided to those emissions already present in urbanized areas .

c. ~ ineral ~~:sow~ces The PC process does not foster a wise use
of re-s-cue-con. 1) tr iPe-s p P  entially useful and r ecyclable material
resources- nina si~~nificrcnt energy resources and converts them into nox—
ious air pollutants as well as less useable sludge . The comparative
resource requirement: are identified in Table E—V— 3 .

Clearly , among the alternatives, the PC process is the most consurnp—
tive of natural resou r ces. Particular concern was expressed over avail-
ability of natural gas suanclies . Table E—V— ~4 indicates resource de-
plet ion estimates under various conditions . If the low estimate of
ultimately recoverable resources is correct, the outlook for domestic
gas is grim despite massive imports (60 percent of domestic supply ) and
an accelerated development of synfuel product ion facilit ies.

Social

a. Immigration As indicated in Table E—V— 5, the PC plants require
significantly fewer relocations than AS plants which might counter-
balanc e the negative Impacts (air and sensory quality) in the short run.
In the long run, (50 year system life) however, relocation impacts would
not have a significant negative impact. It is suggested that more de-
tailed site design at a future date may reduce the impact of relocation
by including appropriate relocation considerations as a specific design
factor .

b . Present and Potential Land Use Air pollution from PC plants
will have a significant negative impact on residential lath n ice for some
distance around the plant (e.g., the former Incineration facilities at
the ft ic c’iey plant) .  If , however the PC plant is located in an area
already highly industrialized , the effect on r -cidential land use would
lose significance.

Aesthetic

The air pollutants generated from PC plant s will impact on peop le
via visual and odor parameters . F; ’ plants are therefore consider-ed
negative relative to the other technologies -vnnl ;inited .

Hygienic

No correlation has been established between tin e cxpn ; ’tE\ni pollutant
emission concentrations from the PC or AS plants r ind in:c i Ier u~- n- of di n;—
ease. However , intreduc i ni~ additional air’ poll i t - un t . ; Into an ar-en

E—V— hi
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TABLE 1-:--’/--~ *

SF2-h FCE DEPJEI’ION ENTIMATF.~3 FOR VARIOUS SCENARIOS

Year in which all ult imately recoverable
resources are depleted

Low estimate High estimate
Fuel and case description EGM** RGN*** EON SCM

Natural gas :

No im ports, no synfuel 1989 1991 2000 2007
No Imports , synfuel 1990 1992 2008 2016
Import s, no synfuel 1993 1997 2010 2025
Import s, synfuel 1996 2000 2037

Petroleum :

No Imports, no synf’uel 1988 1988 2011 20124
No import s, synfuel 1989 1989 2027 2030
Imports, no synfuel 2001 2003 2031 2038
Imports, synfuel 2006 2008 (****) (****) —

Coal :

No synfuel (****) (****) (****) (****)
Syn fuel 2032 (****) 201424 (****)

* The Table above was taken from a rep ort of a “Cornell Workshop on
&-iergy and the Enviro rment ” sponsored by the NSF RANN Program,
and issued by the Senate Committee on Interior and Insular Affairs.

** EGM — an extrapolated growth model which assume s past exponential
growth in demand for gas , petroleum and electricity at 6.2  percent ,
3 .9  percent and 6.1 percent per year, respectively.

~~~~~ RGM — a reduced growth model which assumes that growth in total
demand for gas , petroleum , and electricity drop to 3 percent ,
3 percent and 14 percent per year , respectively .

**** Beyond 2050

_ _  - ~~~~ 
- - -  -
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nil n n_ -u - i n~ :- : . n - - i i n l inp - :i:t ii ’icna t -:n os-nine -- - n n n c t n -  : n  r t r ~ 0 -na r~~~~c

tn-ny have- :inn nif icnie ncn .- hi the- In_c r ip I r u n .  i ’n _ l t n u ;ipr n t i n c  o~’rcc tnn ui - r U - .n -
-

but lcw 1ev-cl: of On-r n cnr~k lc  tc- n_ Li p o lnc t -a~tc are not very c’-n-tnih. ,
evidence is :lciwi y a:cunul rn_ t inJ that came-st an 1n c ho . t.oP -nn _ - - n .
level: of pollution rim urban cornnurj n-ie- :; an.i r n n u r -tn l i ty  r_ ii u nnn-crti  h’n -: - ,
n-ate: due to lung nv-or br-onc-i ial canoe-n - , chnc-ndc Lr-c-n-ich Lt in , —nc;
astlinria and pneumonia. ~-1ost experts nincern to agree that n- -cc~ il- Pc I-:-; ii::—
ease rates are higher for - n-er - s-c on s whose o c c u c n t i o r . ,  1~ iri - o e- ( - n  r - - -: r~ Jc- n er-n-
or level of activity br -ir e— : thom Int o rn-ore Lieu nv-cr -a ;~e -c unc ~r _ ic t  w i t h .
pollutants normally found Li: urban areas . (1 ,2) In n - l - i I t ~ 0tn tc- ‘rich
serious diseases, pr-aLIcia; such as eye IrritatIon , throat i an - in - a t - ion
and colds also have I_ in n er : mentioned as helen -- assoclat’-i with i J i c n - c n n n ~ c-’J

levels of air pollution . (3)

Economic

a. Public Finance It is important to note that the iricn- e - nn _ - cP
land requirements for AS over PC occurs ic: urban -ic-ens at relatively
high incremental land costs.

LAND TREAThENT VERSUS TRENnVENT F LJn_NT1~

For the purposes of this assesnr~rnnorn t , the treatment effect iva ne -n :
cf the land treatment process was -n-c~aon-ed equivalent to that aohio— -’-P
by the other “plant” technologies . Thus as w it h  the other treatment
processes the social environmental assessment Wa: predicated on t in
design and performance data furnished by the- hi - enr n ’a- District and its
technical consultants.

(1)  John S. Goldsmith , “Effec t:; of Air - ~u i L 4 L i n n  urn  Humans , ” V cnl .  I ,
Chap. 10 , of Arthur C. St e-nc: ~L - i~ ~ln- I -Al ~ti. _ in (Now Ye -n - -: :
Academic Press , 1962), pp ~35— -~3.

( 2 )  Also see Ln u in n  C. :: idL-er~— • hot-eat -
- . - . or - - n - n arid -nrc -n -~r 1. - n - ~ni ~

“The Nashville din- Fe] 1-at ] c-ri t 4 -iI~ : V. :-:on -tni i t;c ~aorn I L i n t . . . : of
toe Respiratory Nys -t ern - II. ho-lation to i t -  Pod I n Lion , ” t r ~ i c c n n _  -
presented before the Epidemiolo~~r Sec t h_ ri of t i n -  -J~i - ~~ j -c - c n — n
Health Assoc iation , tarn-ca .; ity ,  Un;suue Noven-t e r -  12 , 1~ n n 3 ) -: n - i

references cited there .

(3 )  Goldsmith ~~ c i t . ,  p :h~8



a - i - n: : ice .-: i t - c- (Ino alin’; Tn nn cor ’n c~r nt ’  cii of t I c  luri d t r -e ’it r n en t
n- i noe n n o  of t r e - i t h  e ~~~~~~ ters nth xn t—

i n n . -- :~-oun nP -:- -a -a I : :  n - h r  lien-a Lrc’tm-cr,t. ma- -rn . In fr n n n -t , -aver- a a- - r i  ~ i of
(a :- -,‘- - t  on: -1 - -ar-ly -: - — :lrn yl ) --ic -liz fun n-:tal 10 can-: I’ ,’ n . - ’ :  Ly n-e n - —

cor n: — I - : ’ : .  -- .-n ’ t h , i n n  l ion  a-merit ar e-rn: - - - i l l  hay- - t ine a- ::’- ~ca r : rt it  Sit
I n - 1 - ~ the- Al] (to tal dissoaved cc-li--i: ) - -na n- c - -n A n-a t lor is cx— -:

- - a -  - .1 n I no 1,i.catn~ i wa:;~o
-nwater- . A n Ia: LI -c- :;t~ r~nn--:th.- i ‘cc nclrrnern t

- - - ‘ 
- ,  the - -o- ’ - i - on _~ - n - . a :-an ize n-h P LI:- - . r n n t : n n n - f - - n - -  ‘ -c ’ or- c urli n n y will

- 
- n_ n - i c e ]:. e?n -ot”n even -  -

- i r e .  However , t i n e -  . n i n - n i : ’: O~n - .- of this
is n - n t  P n - I : -  - to .; I . ’n a:tiatl]-.; ic-tn—in’ tinc- ultir;:t- - rise -f l i r e  ann--ca for
-J- :rn :- -ct ic nne -- Jri S .

I~~e an- - :L t - i o n — I l ; - -cet iern nm -h :‘toi inAc laJooris no- - n  riot - n _ h e-on -ed h-c affect
t n - -  i n : nn-cP n_ - r -  n i n i l i t - : , ‘ i n n _ n e adeci n mt in sealing and/or en n’ I - n _ n -ira ii It cicO are to

- - - or- _ n- i l ed .

1- . Ala 1’cnnn II:;: If the- 1-051Cm of irrigation equi~ aen It will maxi—
n d -m e Ir e: n- ‘ n i: -- , nm nn i t -ln e-refa-r -e - minimise aerosol transport , there

neon -r id n on, be any air  quali ty problem in adjoining areas .

- n I- - - a rate HiSSer- va n -n-tn-Live zones around aeration~~ igestion lagoons
;h -mn ’ : l l  nn: :nn r n - - c n nnic n cII  ta-ri:c~ or t  of aerosols. These lagoons should be

an- n 
~~~ in:;] n an ‘n~ -ipat~- - l  land perimeter to add an extra safety facto r - .

c. - n - n i l  - - ~n l it I ;  If the land systems j er-I on--n as reported , coil
- - it  i - n  .:r n-rn_ i :- h-n- -I :: improve in that the organic content and nutrient

r~] n- c r - , n- - - -old be - h-n -cr - -no-ed . Thi: liar ;-cvemtrr t , however, s - h e n r i - n  be -v r Ilu —
at - - n P r- n _ c n ;- n nen _ ne t-~- time -n-n~l an; i:. - : l u r m i  i n  re n e i nc i , an effective moni—

n - e n - . -a. maintair eel . It Is- very difficult to ‘r- trh .i ~-t t .I ne- eS Sect-
01’ n -n i t . in . - n . lan -i treatment on the mechanical p1-en-or-ties of t dne s oi l .
A n n land :v : t e r~: Inca conserve nutrient resources through the recycling
— if  n- n - n .  - - -neil - - n - n . i t a i - - n :L:. t~~i the other band , when the C - ?f lun _ -i1t. of t h e

‘ nl n n _ -m: ’ - i . n l - ’TO (h i - . ~~~ , ‘Tha Use of hand as -i I -h -t i -nod of hi - n - n _ t—
- ‘- r i - : -  — In -

- -: e - - - in i r . , - i n n _  the n ]nco icu ltun -nn l nin Inun  i t , - ’’ , Dec . ,  1172)
in a - ‘ n_~~~- - - n  to t h n - n - - i t  en’ an r i  l e t  ( i-h: . 2 , l i i i . )  Li is -er : c i  t 1 -
I i ;  - ‘ m i  I- n - n - l i e  r- n -dne c ’ i  ~n n  I t lu , in , Fe, ‘ h i , Ba , n i l : ; , cn-’enln re ,
i~~ 

- , rue - - - r n - - - re nd - - - - n r c  i - _ I n. I-larva-v -r - 
, n _ i cn n 1. nr n - rim - : -11: -it , In ’:

- -: r - -
- n n j i~I n - i - H - a n  I:; called far . Some of th in ;  ‘~a : n m n . i .  :

‘ n t ’  I - - i -  n - - a - r i l e , - u n - i - n - h n n - t : .h I .:, all IA - r - - - : I . i  - I  a -
- on— i i i -  ‘1 1 - H - . ,-n 11

I - n ’ - - . ‘ - t I r r U l ,’ all l i n - - otn!~ -r mn i n :t --r’ials n--ccunuiri te, and - n . - can :
. 1 - 1 .  ; m l n h r n - - ta- -a t han a a -ative el f- -ct. or:  m c i ]  - r n - n i : ’ ’,’ . li - n _ i -
P ci n- -n  -- , i n - , - n o  I o h o w  n ne act ivo tic]: enP ’ e-- ’i ii- v i  ‘- t i n- i n

- c - n in .  n - - : ; - - p011 .1 i t s  ] i .  a natural b - - i l -: - of r- ;’ nL ’-n a ‘I i:- a-c - n - - c - - n -
c i i  I Ti i ~~~~~ n- 111 no ne’ —

- ‘ nt  - c l - c - t l :  I ne - n - n - I : ~i i ’ — , - n i n e  e tA ct vent - s-n ; cf na ‘ n I - n i t :  I~ i0 ‘ - I ]  - l i i  I i  S
n- — - n : n  i l ~~~i ’  

—~~~~-~~~- - -~~~- -- -  -- - -~~
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-J. I - r - r - - ont r ia i  iY,~~tI:~~~crnuu nititn_ ,n Intru .~.ior : f a :; on-n
tic-n :yn_e t ernr ri n tu i~n -r -ic u lt -.u-::i -n-nod Li me t necessarily oor.:l-Ar-eei -ne-tn .—
r’iorntal to ex’Lcr Liii bin-ti n ~:-rnronn~!tien; . iior-iever , the ien~onn -r- cu’r ]e,,m -_i n_ sys—
tern: vIA I cause a ~-n--:rcii-J ‘,-:n:te:’ er ’nrr-dor-rn witn -nir~ asi c li ’cinn _’l mn - n _ t n ; iy ~-n : acent
to land ti’eatmenmit ann-car . A water in-ow-Jon-rn of even a ix  to ei~ iit inn-mine:
may alter the ve:~trit lon in the Lmediately adj n -cern ’. - i-ar id areas . For
exaxnp !e , if oak tr ees Lor d -a a field n:lated for 1n--nh ,gn -t~on , they cnn -id
die —— unless the dra~ iown was controlled and the lowering of the water
table phased to prevent a shock to the ye-get-n-t I - c er:-:ir-crn-n-er n_t .

Construction of the land treatment lagoons will undoubtedly involve
sorna lands not presently in a~~’icultura 1 use . This implies some di sm -up—
tion to “natural” biotic coninunities.

e. Aquatic Riotic Corrinunities Construction of storage lrigo.miinn ,
in particular , will introduce aquatic comuxiities Into the rural areas .
The lagoons will, undoubtedly, encourage waterfowl to visit the areas.
The availability of vegetative cover as well as nearby food Cr -Opt ; will
also encour age waterfowl . The significance of these lagoons to migra-
tion and nesting patterns of waterfowl cannot be detenmined at this time.
No such effect would be expected with the AB and PC technologies.

f .  Mineral Resources Land treatment is consider ed beneficial
relative to the AB and PC technologies , since it conserves minerals
through recycling of nutrients.

Social

a. Irrnirrtgration Alternative IV requires significantly fewer
relocations t han Alternatives III and V and is roughly equivalent to
Alternative ii in number of people displaced (Refer to Table E — V— 5 ) .

I- . ~~p loyment f-Th~- iaynnnent skills associated with  land treatm ent
are considerable and varied , rangir~n i— frau sanitary engineering to fann
operat ion and management . Some additional assessment needs to be made
regard ing opportunities directed at small farmers , and chronically un-
employed inner city mni ,ir iur- iti es. Physical synergistic thou -lit ha: been
demonstrated icc l i -  quite keen and welcome ; n’Je need more social :yr n tm’rcm”isn n~--
particularly when attempt in n i  to explain the land treatr-nent (or Al] nix no

- for t i a I. mat t - - n - ) to tire general cItizenry .

C.  Recrr -n-t i orn Pppni ’tn rni t iun There in- also a l’eelir a~ or ,  a th
of many eva] n - n i t  or:; ti cit 1— ir e I treatment areas that are U. [- n IL 11~ ow’ mci n1~i n-av id e r~ - n - n - cit lonal - n i  - pon ’t iuu i t  in-: of a tyie- ( 1i n ~n it in I i ’) C S I A n - ncr t Sn-ar m
urban So cn -m-~d r er -r- e-at ian , if ~- r-ncper iy m anaged , if p u t — i l . : -  :i.cce-sz’. is
r- r ’a v i - in -I , a burnt ir~ ---rauor -nm: ;m:t. area w c - nnl - i h-nc- rear_i--at 1 molly ~ t n - n - cl ive.
Tie  Innell: - cool -i n-icc be am a: 1 - e l  t m  w i l - I i h 1 ’e : au :r -n , — - a - - - m n l .

d .  -
‘ - n - r n i n n n l l . ;  Fol . it lcni l  mud he— i in - l i d  . a - i c c  n _ n a

¶ j n- ~. I Li i - - - - r n  r e - in ] l i n t - a c ’ : -m - : - ;c c . ’ l  r - , I t l  c~;r.t n - ~’ . l 1 n . ’ I 

_ _ _ _  - - - ~~~~~~
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I - n _ a - ’- mn - ’o:n ’ ’_ ’, ’ , ~.n - - . n - -~ -h- r ;n ’ _’l 1 : -  n _ — n- - — ‘ .__ , - n : y  - n 
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e. Sn-en _ - n_ -nt ten - i Lin t ent l ’ n _ l I , ’ n n d ’ nn - .- ‘cm’: . n _ i  n-In n I n . :  n ; ’ n - i n _ I  I e . :
ect; n -ni thi r: an-h-cu: no’ ennnn Is -  i l l - t e l ] ’  to Ln ~ cnn :n~no.-c ’ n ~by In n : ”  - n ’ ’ I - n - n~-f i’~: -

treat:nne-rnt an - - :t c -nnn ,-~ n - m ’ n h :  t i n - n- cnn _ c-n -n -I of’ :‘r’nn ’- n - r’ -~r n l m n - .n- n n- f n - - n l i I t ] n n ’ in . n- i-
arn’a: md the - c- ,n i - ;e ccer n t  u:-- of t in e  ‘ iL- ,_iJ~u nn- n n - n j  Jan: - : Sen - rrmn:em - ’ h a l
industrial n-~tin-’itIe~ . Al l  other possit I-: uses c b n ~ ui , :  ir e ‘ -r , :- I a n: - .’ :
before desi mtjn,- t he  lan-ru to industrial us --n m- ( e . o . , ce -h -n -u n ni - i-:  n et-- cnn ;).
However , land treatment req::imc-: n_ i n_ ian - lay; : t han tre- nt mn , c r ;t  I - c t : .

Alternative lIT and in rn nmr t , A] ‘ e~ -’
~ tiy’ -; may hay - ;  r :e t it iv ’c I nn _ n

on other than rnt~ —icultn-r’-ri land usc- a in 4 1 ;.- . r ’nnn -nnl : i r _ i-n - .n c n n ,  as- the
Iiewton~ Ja :nmer C’-n -untv area :-:i n n re th- - n_ Iev -l  - c -n - n- Ont - - i T— 65 Inn , : - n i - en .-:’ n n-i
new path to urbanization. i~n - e _ i 1i.-n t 1 -n--a, 01’ n~ an-rt.h v-n -ct - n ’  n - -  l b  - - - :1. . -

in . the Alumet Ben — I nn  n-c): mod - . - as - -arty n -in 1 ‘to . Tin::, t O-c a-:: - -n n: i7- -
nature of land treatment snn ij — enn t- y I  in Alt -m:narat ive LV a- -v- - r - ; -  ; ‘in n - - c t ; : - -
llshed t:re-nd n-wi-nv from ‘mnnric n J n - - u - ’ a l  land Us-n: ii’ it I:: h- c he’ a i r I L l
to so iar’rtc: an ar-c-n . - bv i ;nn -a ;iy , the I— h~- n ’ i , -b: t — ’; f—;-:’ n ’; I: Lin’- i n ’ l  t n-n-
n;c)flve’;’u nc- - s-n - c t  .- ‘r- :n , however , I: n ’ccm -n tnn an n n t an - n/-n-a n- tn -n -rio ‘n i - - r~~ .1 - n _ n - :-

- - ecrtn ’c i n - i t t  near exits , -could r- ;na i I ’ : it; n ina/ c-a dir]- n ’ - i n - I -  - .-c n - -n —

ln o , r n-oi . 11cc nn- e n’ -nn t :v - - va in-_ne -n ’. r -c: i :tn:-n-e n I t ,  i_ l i - A — I - i l - n i x  r - n~ f i t - - - ’
these -c a’muent s , tin- n t hn ~- f’r r ;n t , thirit presently m-n: - ’i n - f  the- inu~ n I - :n ,n ’  I- -
as op en ,; n - ace and less si~~uificantly as a re-o-enh,i- .1 n c r - n - i .

An -c- t i - -i I - ;

.tm ’mn : .- r -~
- n eniit .v 10.1-a t n_i (visual and r u m i l ~ - - n - ~, ’) - i i - - - s - b i t t - - n  I r. n m-- n

f- - n-r-i r ~- fran: t n ’ -ca t rn n er t .  in-mit tm - n I - u i - I t , m P ’ n t : nn n ’n r ’ ; t I n - I .  Ic - , I I . - ‘ n _ n on 
cr -v n - n  i n -  y l l’i t ‘ n ~t . i n ;  :01 - - u n  nil - - -r 1c ( li nt S n- - - n i ; :- - : 1  - Pu . m ; ) n I ’ -

n - -m m - ne-v - —n Sm - -cr’ l .hnc- -n rhn - m :  - -a- na n - n i t  I ,  t, hi; .nn ,m nn : m - e n i i - r r ’- - I nt el n I ’ ,: n ’ nmI ~’; n -
- - . -

‘ -n - - - I l : .  n ’ na - i I ar- - ’-a; i - i - - t - ~ I . b nc- ‘r i Ot.  Sb n-at 5- -w- n r - - n c n n _ n i n a  ‘u ‘ - - n i m ’ t ’- - n -

1 ‘.i’~~n: ’ lv n i ;  Li - -n - n . - ” -~ ‘-r - . f-a-t ,  th ’ - n f’ l n - - c l - n n  i n n - n i r -e: ’ i I , m n m . .  l i i - - n - c - r i
t n - - H - - n , ’ v - i l  l a - .’ - -  t -~- 1 I A - f l — ]  l b n _ : t t  I -h e- i n n - n  n i  i n ’ n I - ’ ’ ’ l : ’ n ’ r - - m : h l

‘ ‘ ‘ - m ’ L  I - - . i- -n- f’- ’ t - m - i n ~~ I n C - n 5 - n  Sit .- i ’ -  f- —V — , I t  I .  - 1 n - i -  n m a n n _ n  :n~~r-
- - n_ i ;, - ‘ -r - n b ,  - lmin n I I 0 - n  mm ‘fl1 ~ -~~I ; - ‘.-,‘ I I I  1 - - - n i n  - 1 m m - .,. 1 ‘-n-- - n-’
I ‘I n - - n - I m y  I an- -- -r a -n - n  ic—i l — - I , i -n-n en:  I n n  - I . - . 1 11 1- ’ - - i n n  -n - . I - - n , m n -

- 
- - I i  In - ’ m n- - -~’ - ‘ ‘ - 1 ’ ’ n - - ‘ I - -  n - am

_ _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  - _ _ - -
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lIy ~-cien n mI

a. Health ‘ i”n nc evaluation t eam has h -ne - n i assan--m’i ny the c-r n~ i :i —
eering desigu consultant that all three treatrnennt tecinnoln__ ilin-: ,-ni 11
produce an ef f luent  (to he evaluated in-ten-) of e’xtr~ ’nely ln i ,jC l n -auit ,li’
and suitable for various forms of r euse .

However , the evaluators wish te express concerni OVcT ’ ti ne land tr eat-
ment system because of its lagoon — secondary treatment ..iecig~ i colni -urn- -i ntnn .
These lagoons must be effect ively buffered by vegetation , seaied to
prevent seepage , and restricted from public access . These functiona l
health components must be incorporated; we feel that these car s-iA-n-n:-
t ions can and will be guaranteed .

Another concern is that of mosquito control . The lagoon areas
with their buffer zones provide excellent breeding areas for n nu nn .nm _ i , n n i ten:n .
Controls should be established to minimize mosquito populations .

Economic

Althou gh land treatment prevents large scale industrial develop—
ment , it is presumed to contribute to increased farm production and
income , long—range residential developnent and vertical ~“owth in a~n- --u-
business . Increased fanr-i income is anticipated through incr eases in
fariru production resulting from the t imed applicat ion of irrigatin’r n wat er ’ ,
drainage control and a lower ed demand for c~ mierclal fertilizers. addi-
tional fax~n machinery will be necessary for land preparation and harvest-
ing , added storage and drying facilities could be anticipated, and ; -er ’-
haps additional feed-lot operations would develop to take advantage of
the proxrlinity to wastewate r control facilities and forage material (rye).
The use of effluent nutrient s will reduce the costs to the farmer with a
conconucitant reduction in regional income borne by fertilizer- distribu-
tors and manufac turers .

Long range residential development is expected to be enhanced
through the availability of access to sewage treatment facilities n~ nJ
through the implementation of land r ise controls and planning at lnh- local
level. Increased demand for housing and r etai l commodities will n - i -n c_ n i t
from the increases in job opportunities created icy the expected incr en-ncnm-c
in a~~’icultural production and the wastewater tr - n ’atnn nn n _ ’nt oper ’:m t .ior nn mn .

a. Public Fin- mi ce Ti ne local tn-n’: ba a --  should r n _ n t  be n-unIV r ’nn - - ly
affect ed due to paym ents to Jric:i l ~nmtv ’n ’n ’numc nt s in lieu of h--n-xe : i ’or th n ’n ’- -~
lands taken into public own er -s-hip.  If anyt m uing , the local Lax h aunt ’
should I-c incren-ved as a result of the attra-ct ,ion of new 1- - n. inn-r:nes Wi,t
homeowners .

A
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ce-a :’- -: mu - - i f - tn - lilt! - - a r e_ i ni t’nLnc’tJ -2~ n - I

S 
tn-’-n - m n tn _ cn _ nr in- s-ite:nt , un _ n - t in Ain~i arid

-n . -‘ ‘I n’ Atnnn _ i In-;; r: - - goner-al -n ;cn -y ’vnutj a rn of the PC r rn -ne - e s- s vis a
aId , n . n - , - e-  ‘5 5.n _ nt -~ i n  n-.bat cr -anc-n-mn -ta-n-ti- :ni -n - f  nd .: :-imn -h n _ n c  -ml : -mn-alit:; 

nA n _i .  1- - n (tbu- -n -nn~n-
i , fe--n-n_ - n ’ Pt plants) will have a more negative- impact in

1-: - -ra i’ ::-.’d n-i-en-a . ft  is also important to recognize that PC plant loca—
i nn-nc i n. ~iu’lccr n -ct - -m ann- ‘u- f -  in those same areas which already have severe

air ’ i n - a I i m  ~; n - chIn - rn - c ( e o n - . ,  11W Chicago , Calumet Harbor region , Gary ,
ia ’nn o rin _ mI ) ;  m.~inr n : the air n --ar Id ity problems associated with the PC processes

;-:an_ n In_ I adh to presently bad air—sensory quality conditions. In the case
of AB bunt : LI I: impact change vis a vis number of plants is not en—
vi:i-cn :-’n to be as great.

f~ c In-i

a. Inud.gnation Relocation is a significant factor with any of
t i n _ , n_ C~SEUV1 alternatives. While estimates range upwards from 15,000 to

, t t f l  (See rI aL le E—V— 5) a useful perspective may be shown in terms of
-n ’b,icId -ne ’: n- ron-s-town; Expressway which will relocate only 10,000 persons
n ’s -Il l ,  a devestating amount of public outcry . A factor which must be

- n- -mnanlde-r’ed is that equivalent , decent , safe and sanitary ho rsing must
be available at suitable locations for the relocated whether they be
u’Lnn-i,n or rural people . We have been assured that planning by the Corps

- b- nrnoramtrates a~;al 1:1-ic grappling with the relocation problem. The Corps
i n-on_i rn - -n _ n - n j lot icr:: governing relocation procedures. Some investigation
‘i-n ’ ‘]j - - c - n ; and Ed’acee-hinn~:s: Conmission on Third London Airport, HNSO,
_n-1~d±J. ‘:11 -ur~h re -In n-l ed materials would s-lied additional light or; ::‘-ornne
n-n: I. - m - n - l ; - n_ n - n _ t  c nn  r - : - e -L ’ ler n n s  arid costs.

- ~lII fid n- COMIVENTS

1’n ’ n ’ifn:nent F’l n mna t, TechnologIes (Alternatives I, Ii, lit I and V

In I - - i~nnc n - n t ’ reliability,  the larger plants ar-c pr ofessed to n n n - h n f  eve
a n -- - 1 n_ in ‘ta; - n _ f ’  In -nn ’forrran cm; r ’m ;t tn - i ;  I l i t _ i -  , but when a Lu yc’ i - I  mi nt runs
I r n t o  ti - - ‘ n i  ‘n I  Q1~ .n-- v- n ’ n .n ’t ’cn m ’mnance , t~l o  eI’fn _ - e tnn nnpcm n :-,‘nr t - ;n - nun :! it ’ ,- ncr-c
‘nuci n ‘c t -  - [ r n ,  - r i o . ‘i n n :n _ n a n !‘- n n _ n t o r s - , l n ~ w:.-vcr - , wc-n ’e not n_ ’.n - nnnni ~n n _ -n’ L in , the
5. -n ~ma !  - - v - n - In _ s - n t  - r .  1 a - n i- . nan - - I was as-sunned _ir the n-i n _ n -  J~ s - r d en _ r~ - ‘ ‘i “‘c In —
. 1 r l . iot , I - b a t  t ,h -, n n ’ ’ would he a ca irn -t art  Leve l of r -ci’t ’n_ ’n ~ n n n l , - - . I - . ,; i n _ n —

I C - I ~nlnrmfl ra 1 5 ‘or b - n nit , i - n - n; n _ n - f :‘ - - i l n n i  ‘1 1 1 1  5n_ ’ - - n - - n- ’ - n - : ’ : n- t u rn _ i
- - ¶ n - n - n - n_  n I -  n - - n ’ - - , I n n  fl - m , n- ~n - r ’ t  of’ tire - ‘‘on- In -a l i n n : ; .  

- _ _ _ _
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Lo-n--i lr’eaa,,ient Techn n-L-,’

Since the land treatment process has not, as yet , been demonstrated
to be effective at the loadings contemplated, and in an area with climate
an t solId conditions similar to that of the C—SEU’4 Region , extensive
pilot studies are suggested for the land and the other technologies
under the same conditions of the Region before any such project is under-
taken . Some evaluators feel that it is difficult , within the tine
allowed after briefings, to review all the Information presented on land
treatment and make an obj ective j udgement .

Many questions remain presently unresolved as to the efficacy of
all three treatment processes but particularly the land treatment pro-
cess. However, the impending crisis In ener~ i, water supply needs,
natura l resource availability and a~ ’icultura1 production point to the
fact that future conditions may indicate that land treatment is the most
desirable of alternatives. However , given the near future conditions,
the lack of available lcn-owledge, and the obviou s institutional constra int s
involving the land treatment process , the evaluators favored Alternative
V as a means by which to obtain this information without an over corn—
rnrtttment to a process that may not be as beneficial as portrayed by the
engineering consultant .

SLUDGE MANAGEMENT

In this category several combinations of sludge types (conventional
biological , advanc ed biological , land, and physical chemical ) and appli-
cation methods (agricultural and land reclamation) are evaluated .

BIn- In~n-X]T-n-’Lb TREAThENT/AGRICULTURAL UTILIZATION

All the combinations evaluated here involve the use of biologically
t’r’cxluced sludge ( whether by conventional biological , advanc ed biological ,
or land treatment process) on a~ ’1cultural lands. There is very little
difference between th em in our overall ratings. In particular, the
agricultural .nt ilization of sludge associated with the N1~~P alternatives
ar’--’ , 5 n - ii” -~ l to have very little difference in overall impact when compared
t o  t in - ’- nana~--r_ie-rnt ~-n ’ n nnn 4 .ices currently in use and assumed for the re f—
er-ene’e s-yn mte in ( I ) .

n - r~ierly Ing these essentially equivalent ratings are the following
ar gum ent:. tin-CF t iolnagical sludges are generally considered to more
‘n-’ea t iy ira{r-ove ,n -n _ Il quali ty than current practices and in this respect
to hay- ’ a positive effect on agr icultural land use. This improvement
~

n_ :wn_ ’v’n_ r , -n-or-ia-inca rn-ar- n’ energ~’ (for sludge conveyance) than current
pract ices, and will ç - onsibly result in disruptions of access, bi n_ n -tic
c-:rrr ,lt !c-n- - , and n-iri q’a- n_ or rare things. On the whole , therefore , the
ar nt I d ’ I r -~t - n _ 1  benefits- are b-n-lanced by anticipated negative impacts. The
fLilowing, Jlc-n -n_ n - as - lc -rn will n--n -n -he this- clearer .

L - 
. -
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Ecclo~_ i 1 n - n n - 1

a .  5:11 ; n-:i f t _ i  , ‘, .;n .I .I -~n-in-lit ,’ ru ,n -t  ban- n n - cnn: Iu ’ : r --n-i n-n- iti i~, the tln - :n _ n _
t- ar’ -rnn ’te- n~. Irm t i n _ n ’ m e - u ’  ens soil -mn _j a1j t~- can be en-nI ,- n~ 1 t -:- tn-pr_ i v- .
i-al I t ,  tb  Is-rig, aev~- , t b n c ~’e- - -- n- :- , h-u d in-r i g -n -n -n in .  t ! , - : . Ida

‘ n - n ;- : : n I n - ’ A  I l L _ i  f - i -  rn _ -n- ’J. - - : l l , n _im ~
- , : I - ~- ’ n -n- -’- _i in-n_C In . -,

- nn - m ’ i ,In ,, -’ ‘ m .~- ,”- - -  . n -n~~:_ a . n~ n:~~~ff’,,n - , n t n m .

l,ou .  ‘n -n aY -n , ~ n b n n _ , a - ! ,.’ Lt-ux’ai n Ln.n~ - c - n _ I a:’ m l  
fr om , wa n-I - ‘ - s-l ’ - - n -  i n - r n - -n - t n - -mn - I i _an mn -~3”:-ni .;iI- b - - n; ‘ -. n I ‘ - n_i 1 ;  I t - - — I- -Ys- - ’ - n - I L ’ - : :

- a.n n _i.tarv I l c n - : ’j n t  of’ Ir - - - -j t ,~- n- - ‘ i .Lnr _ i ,a -  ‘O n - n- t in - . I n - - n - t m  r ’ ’ n _ : I ‘ n ’ - , i c —¶ ri,., t .~ I u~~ n- , Ci  S : if’ ~~~~_. ‘ ,._ -

I nn-c- hors-c- -n- n I t _ i n  (Sr , rn , - n _ n c ’, n ’u Id 1 n ,  -n- f tbV ; a n-l at in : T- .nll  i ’d-n - i - :) f t - n -  c i . ,~ n , ’
0 j,, n_I - n- n _ s -  11 be ‘a n_i, IC i n _ r i  3 1

one half of n-na- sluice- f”y--onnn wastewater t : ’e ’n t m n n - n _ n n - .  in t in _ - c  t— 5I-3 n- ru n -n -n- i t
already be-in-i- n~t I l lnn - c~I -o n~ i I n ~n— o nan _ ti - - - : .  land cites - , n-rn- I n - Inn - ce t .  tn -i l r n _ i - r i—
cultural ut ills -mn -I in--n . :5 sluice: n-rn--i t ine -  1-en- n 511 nn ti ,n -~ ’- -n - - f  c t n - .- nn crni n I I  n-mi -ne- n-
by m ore s-nm-cd - .r -: n n -mm u n - -mn’ t tn _ a n n of ’ - n - n e:’1’ ,- for din-n- i g - n_ n--nniv -cyn u , :-’ ti:~c - - ‘n_ ’n -n _ l - s -_ i t  t . ’

rated th i n -  ni-pt 1cr_ i ; n v e r - mn - l  1 an -n-ni:,’ a n - n i  igLt Ions n ’ - -v nn _r-i~-n it ry e -n - n ~nn-’-cn
practice-.

b. -!imn-eral F-cs-on-no-ma Use ci’ in _ i- - L,-c c n n _ i  n - n !  a- I , ” - -c a, ’ l’- - n -l  I i  1s-n_ s- in-’
regarded non - ni m-osl tn ;~-’ 1 4 a  i-. be en-rn -n --.- - n - f  I ha : ,.:n. --n- il n - . “,‘ - n I n .  -

Economic

(Note : Additional is-nt-an-ac w il l  be - n I , t n _ ’ :~ ,, - .-:  Inn t.- n n’ mn - -n- c- - b a
dealing n-i-tb r n i _ i n - - r n - t i n - i  Inn -n -act : of all n-I i i - ’ - - r -au i :lgt -n ’ .en_ ii ~~~~~~ -c. )

a. ~~ployment Stan-u ferti l  i n n e r  n-- n -n- i I h0 r ,~, I- -- i Sn- - r n . the ‘— . ‘ - . 1
System, agro—business ;-;n-’ul--b . c ,n - n n’ ~ n — n m _ i - - ’ n - i n , - . - : -  .; n . _ i a  - - In . I- .-. , : 5- ’- - ’
area . This impact is not r- ;-~-n -n -r~1ed s I n - , ! f ’ !  - ‘ n _ n - n t  I n n  - ‘-i~ -t , n -f l I n ’ r n _ r n - n i - - n -
of jo bs lost .

b. Comls u nnjn _ t i on n  c-f ’ Goods and S -n -dc - -n-n P n n ~n n m a c ba r n - -n- n - : t I - - n ’ - - , ’ ’ : In

the rural areas Wi ‘ rId 1- , ‘an-’ f it  Sn--on , in n , n s- n_ i_ n e I - 
- n _ I -  -n-n . S iin ’W n- - n -  in n - n ; - -r 1 - Is - - n :- I

for applying sludge fertilizer .

PHYSICAL — ( :fff -Ivfl flAL n ’ I , I IiY II - / -’A s-, T ‘I II ‘l’i i~ n-_iJ , ,‘S n~~ - ‘Ti-N N

Th e mnt ns - l  m ino r - i _ i ’  s - in - t n ’- i n - n c :1 I n  n - C  I ‘n : I , ‘- l b . , - ‘ n _ i d er— i nn ’n :l n m n ; ‘‘C in - n ,
of PC sludges n - ’n - -~ullaL by ..‘, l m ’ - n ’ r n n n l_ t v - : ’  11. C r - ’- ‘ - n -  ‘ ‘ ‘v - - n - - n i  n ’ - - ’ n . n- - m n’
this negative r n-tin-v .

Ecological

a. ~
‘-rL.l , T n n n n l i t , v  Ft n - b - rig - in _ i , n _ a i n ’ t  - n n~a - ‘ l b  - ‘ - n n - i l Y ’r :- -n -  ‘ n_ n t - :

- -f’fe-.nt 1- ,’- - TT,H I ‘ i n n — i n ’ . I I  i s - , b a _ -n- -a- n - , 1- - f l  n_~ i - - n ’ t - . ‘ I . - - ‘ - - n t  —

- ‘~ , - n - t .  - - - 
- .‘Oni - n - n_ n - ’t - 0 in - n - I by n _ n -  i nn - I l  - - Sn - ‘  - ‘ I I I ,  . n a - nh  in - : ’ n : -  - - i  n t ’-

and n i ’  n - i -  - -
. n-C n _ i  - ‘ I i  - L r ’ ’ - i ’ m ’ - a ’ i n t  In - ‘ 1 l - ’ r’ ¶ yr ‘nm ‘ ‘I ’ 

-
- - nc - -c

_ __  --- -~~~-~~~~~~~~~~~~~~ - ‘~~~~~~~--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Social

a. Co~~unit~ Sociolog:in-al Structure- Despite t~.i ’ ar’gn_rse ’nI. I tn -wI
the greater portion of agricultural lan-ni “reoessary for PC si n-ic-c’ n-’n I li ba
utilized but not purchased, n:e~-at ive I’n ’n :nor” n:es f’m’c-n- fan~n . ’ - n  a’ m in i
This Impact can be significant, consideri ng tb_ in- total lan-nd n’e:mrfn - cn-nn’nen rt
(614 0,800 acres).

b. Present and Potential Land Use Because of it_ i’- che~ricai attrl—
butes considerably more land is required for PC slu dge appl ication
(nearly 6~4l ,8O 0 n-ores in 1990) than for other combinations (less than
57 ,000 for I, about 59,000 for III , just about 58,1100 for V and almost
57,000 for IV). Most of the land used Is agricultural.

The reservation of this land for agriculture r’e nn-tn’Ie’t~ it5 potential
use for residential purposes thus potent ial residential land use Is
judged to be negatively affected .

The effect on other land uses is debatable . The use of vast quan-
tities of agricultural land for sludge disposal reduces , as indicated
above , the amour-it of land availab le for all other functions, a negative
impact. On the other hand , this practice ensures that vast quantities
of farm land will be retained in agricultural production in the C~SEUV1
area in the future. This can produce positive impacts by providing open
space and moderately positive impacts on agricultural land use by making
more land fax-n-able.

Economic

a. aiergy Resources Due to the size of the distribution system
for utilization of PC sludge , this sludge management scheme will require
the expendi ture of more energy . Therefore , the PC’ system is rat e-i nega-
tively on energy consumption relative to the utilization of biologicall y
produced sludge .

BIOLAYIICAL SLUDGE/LAND RECLAMATIOt

The most higt ’Jv rated ccn -:L- lr ,n -t ior ; in the use 01 ’ 1 lol~n -C io n i l ly  n - -i- —
duced sludge (whether by the AB or land treatment p -n ’ unn-c’ss) ‘- ‘n’ I n _ r i -
reclamation .

Ecological

n - i .  S-cl i ,Ir r- n i it y  Tl n ” r ’  - in n - -- i ’ m t i n  I for n - n m ’ r e-I Un - i -  acidity in
s tr ’l i  min i- ar--ac . 1 I , 1 i n - n - i l l _ i ’  I n n  ti ,’ m n - j r - I n n - m n - I - n o n  nil -ur n is- n ’ .~- n - - ’’n_ ’ - n n ,
p e n n - c  I bly f. - the ext ‘ t n t .  51,- il It may be s-u11’n - t i n ’  S -n ’  some 1 , 1 1 c c or ’ n - k _ in ‘ I—
cuI~ ic” - . It may i- i ’ -u - s - - r e - I , 1 n n ’n-n-”Vc - i’ , n - n i l , sin _ n -n _ l i - ’, - n i n ’ m - l  I - “ n _ I  I - a ,  - n_n- I u r n _ I
miin - ’ -a iv sri- S- n m - in_i n ’ - n l ~ ’c’a 1 n _ i n n - i ’  would n- n’s- n it lI n t n tl ’ :l m n —
t bx’ --n Ii - l n - n - n l  i~~~’~ r —rn p~-! ‘- - - -- i c -r i .  This- is t r ” r n ’ r - n ’ ~: ’ n - z n ’ I  Ly 1 ecnii r nn-~- of tine
wt-Ie r- n . ’’ ~ L’ Sin-- Ige- In , ‘n _ ,_ i n - 1cu1~ r n -  : 1  - C  111 m m - n _ S I

;, - _ _ r ‘)‘T 

- - - -.~~~~~~--- -_ - — ‘ --- 
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h .  .- , J , n ,n_ - n- n u ’ e - n _’n ; If  5, 5 . :  m n _ n _ n _ - a ? ,  n - n  - m n ::  S n -  n I - n - n - n’: , an t -I n--
n _ n I i  i n ’ , - ’: ’ - i n n ’S_a - . ‘ m n _ n _ i n  - lug fo r ’ coa.l am : n _ t - - ; - t . I n - n - r ’  ‘ ‘ i . n ; n n - n ’ ’ n  1 n ’ n ’ n r - c n l ’ ; m — r c n  I n n  i n n —

_ in _ --:’;n, ’~- ’-1 , ‘r r - ‘ I m no I - ‘  n-va I ~ . n I n Ia ,’,’ i n n -  ha n _ r n _ n - - n nl n_ r u . n ’ - l .

t i .  ii- ’’ n ” . -_ inti nt , n t I  ‘i~~~ n t n n ~ I t , J ’ .- - Ij - ‘ ‘ ‘ - n m _ a n - rn _ c  ,‘,‘hn ’ n n  :‘-_ ‘-_ n i n aN n n -- i-
n n n_ i 1~~ n r C’ ~t r i n n n - in-n n i , ink—

~n_ J n-n -- ’ .1_ at m n _ n i - n  - n - n t  Is- — ‘ r i -- van-n - I n n _ n . i n -  nmn _ 1 n _ I ’ n  n- n-i- . 1 n - n n , .- ,o
- c - n - - ’,- , - n n b  “ - - n  ‘n-n - ” i n _ n . To-i n ’,’ , L H n n _ ,’ ’  pr-c-: i n-u ‘n _ n _ n’ n-i ‘ -n - I di n-n _ il n_n_ _i -

- n - n ’ - : I : .  , I  c - n -pu t  In , n _ , I ’ In ’,’ , ! n _ n _ ’ , - n tn _~.’’ : in _ nh ,. -
, ho r n _ n - — i  m n -n _ I ’ m ; - n -_ In ns-’ , n ‘ —

n - l o i n , ’ , i - -C n-n -i- ’, . - ‘, -:I. :’.i n , cn L ’ n n b a n n n _ ;  Lan t ’b n i i n i - .  : i - ,--~ r -n_ m . b , -n-
I ? ‘ ~ n- ’ n_ ’_ n . : ‘n-- , - n_ ’ ’ - n :- - n_ - C— , ‘ n ., ~ ‘ . ‘ ‘i -_i -n - I n - ,  1 n -CO n un - - i man _ n ’ ‘-n -n C . b r  1 1 - ; , ’ ’ ’ :

I n n  l - ’I: n ’ - i n ’ , - - , ‘ e~- n’ n_ ’ 1: n i ,  -
- n - : : N n - i y n _ L - % :  a r n - - el F- ’:’ I n - n - - t n _ t n _ - n

re - -n _ re -n -t i - : -- n _ - n - i  - n a n _ - n -  ~, n n i n -  ies n numn r the nn:et :’opol 1 k_ i n n - n ; areas . St n - im  - nn n _ it n_ cei
mrn - ’- ’ n- ’r n- n- - b - n_ n C -  nin e - n - m r : ’ r ’ ~- r t I 1 v  ‘ n n - n n ’-n ’ , \ n nn - n - t ly e  could well n - r t i i  Lie the soil
1 , I I - n i n n n_ ’ - t n n i i t . l - ’ s -  of’ I inn ~ n - ! ’ - ] i ’1 -- i c m n - i l y  p n ’cxinn en _ n -n - siud _in ’c fo r ’  reclama—
than-r n n - n _ n - n - n

1- . br-n- n- en It n n - rn _ -: 1 I - -tentri ril Lund I n n-u li n en above m t  ‘mn - int ’l ts are I n n - - in_ n - ‘en
F .  rn - i - i : to ‘ n -v a m b n e  rs - - n_ of’ in -n -nt ° °tnr r’eciannatie’- nn Son ’ n _ ’ - ’ s - i - l n - n n t , ial n - n - n - —

I - ‘- n - n - , n ’ “nnmnmn - l - v inn - the in -nj n ov- n -n i rn-o n- c-n- m n - n - i  th c-s - n - n_ n n - n ’ n i n ’ t -y .

i _ i  h I n _ n i  n ’ n_ ’- ,n inm: n n - a n--Ion , once t n - n _ e ;  character on ’ be a_ i I b i n s - -  t’ n_ ’e-rn -
‘n c - - n - n , ’ nn_ -:L , ‘- ,‘n_ - , -’ - - n n - t , i ve n- n -von ’ , s - i n n ’- niThmn _ r’v n-t n-I S _ - un - .~ n ’ n_ —

- - I n - r n_n _ i i - - -~~n m ’rn -  n - n _ n _ n - n - n  n-iSle fr_ in ’ a ‘In _ a - i -n-c l , ’ :‘ I - ’ ’- ’ n -_ i . i n - ’,
Fn - ’ n - - ’ n n - t i n ,  n n - r - I - -n n _ - , , cia:’ - ’ - tpOl ’I . : n - m ’: h t m n _ .’c i _ i n - v - n- m n - i n - n _ n - a n n - I :  i n - - cn n r im - n i t  I
- 

‘ - n ’ ; , n rn - ’e ’’ n - n ’- - I  n- -n_ _ I  I So I n  - ‘ - - n m  ‘ n - n - n _ - n- I i n . ’ - i an _ n - a l  i n n - r n  m n _n - - n _ - i  n -n ,, ‘ to — - n i  nn n,nnn ’n -

cc -a  - m r  - m t  ‘ n - S m  l’s - ‘ n n n n _ l s - - i n -amni ni lead tc- run-, in - n i -u n iv -d- ’;~n- J n _ -~- n ’mn - -n ,t : 0-n -
- n - ‘ tn - i  - r n _ a ’ :  n c - n n - n -- i l. .

d’~
- t~ n_ - -n .

fln nr-n _ nn _ n _-’ - — n ’ n’ - n n n _ c r ’  I n ’  -- ‘ - i n - n - m ’  i n n - c l , in.’ I rn - n ’ In n _ n i -- i t iy  t i n _ n - n - - n b  i - - n :  ‘f t n t -
I n n _ n  n _ i  n _- - n - ’ n_ n - i ,’ ’ . bn _ ’ ’ ’’ n _ iw - - 1 1, I - t n - n - i-nc - u n - - i  n _ n -y on ’ I n n ’ n mn _ - n _ r .  ‘5’ i n’ ’ , - , - , m n - o

n - n - n , - - : ’  n _ i - n - n ’  t : . ’ ’-.n - nr n ” !; ‘ I n - - , ’ ’: ‘~:  -I inn , It ~‘ ‘ n_ ’ ’ n -’ _ i ’n mn - n _ n - i n n  .1 - - i - n ’  ‘- n - I n n - I ‘lw
— r a n  n _ - I  ‘ n _ I n n _ t n : - n , ‘ ‘ n _ n~- u  - i -~ in I 1 n - ‘ - n _ n ’ , . ‘ ‘ l n  - r n _ n - I - i  c- — i l  -an-n n _ n  —

- 1 ; ,  - n_— a  . n_ n_ I . - - _ ‘ ‘ n _ i -  [ i _ n : n _ - n i t  - . - . 
- n — I - - - n - n _ - ‘,‘ - - n _ ” — i l  l i _ in -  n _ a - ,-‘ - a - I n_ ’ r ’~ — ‘_ - ‘ n_ In
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Fin-n -n-nc-nd c

a.  n iL ’\!~~~e - n n - n c - ’ o e - n -  A negative impact of th in - comb ination Is ,
‘n-Sn ’ on-rn. - tn _ i- I lorl ii:’ “nn -_ inI-ln_ n -m ’abi y more ener~-~n- 4_an tra, fl n -nn n_ c rl, toe sI ’n-ige
t Sr’ n”rn -n-arer di s i r _ in - n _ c e’ -: ‘I: ninereri t in this of-S I n _ n _ rn  t hat , n - e q ; 1  en-i- by the n 1-hEn-n
s - i ’i Ige n1aIn~n-,ge- ’n ,en n - n - c-nt in _ n -ann ; (c-tb-cr than the PC sludge’ n _ n t  i l l  tn-at I ann- 0 t m-n --
cussed earlier’).

This- negative ‘un-rn c - n - o n - is heavily outweighed by the number of bene-
fits in -h is -n -i , should accrue because of land reclamation .

IIMPA(~TS ASCRIBED Th- ALL FORMS OF SLUIX E MANAG~ €!T]I

Ecological

a. Sur face and Subsurface Wat er Quality BIologically produced
sludges contain corn_siderable amount s of organic material , metal ions ,
phosphat es-- , r_ iitrates and lime . Overland runoff and subsurface seepage

~‘r~nat irng fr an_ a the sludge areas could introduce significant amount s
of these “po llutants” Into the area drainage and groundwater if un-
controlled . Good manag~ nent practices can eliminate this possibility .
As is discussed above , the use of b iologically produced sludges for
land reclamation can result in a substantial Improvement in strip mined
areas . Wit h the contro l of acid soil and water conditions and the est—
ahilshri ent of vegetative cover new terrestrial and aquatic biotic coin—
munlties will be established .

b. Mineral Resources Biologically produced sludges contain sub-
stantial amounts of nutrient materials , lime, phosphates , n itrates and
organic matter. Such sludges when applied to the soil act as fertili-
zers and soil conditioners lessening the demand for corrinercially manu-
factured and distributed fertilizers . This in turn results in a con—
servati.on of m inera l resources .

Soc lal

ni. br’en-ennt and Potential Land Use Use of certain sites , such as
I ‘n ’ t ’ - n ’ ~an - nn _ t I ,’ site in I n n - . l i n _ ir n_a , Sn-n sludge ilsp-asn-i when they are

n-it loularl n- n’n n n - i t ’n _ i’ le f” m ’ r’- - nn -tie ntia use is Ill—advised . Piany sun-h
areas can more r n-n-JUn -n- -its-sorb development without depreciation of en—
‘:lm - ’n ’m n an e ’n ;t - n - i  ‘~‘ ral iS _,’ t han n -- th en— n - ; these should not be utilized for sludge-

An ’nn-thetlc

n _ i. dornn - Tht ” n-’e’ rn -n -v bin undesirab le odors and unsight. i .inn _ es -s-
asco,’ : q t ’ k l  w 1~n - l’ ‘ I n ’ s-” ’, r’n’i-tices over’ which m anagement and dc’si~~ n-c -- I n c - i s
- ‘_ iny he rnc’n ’1~r’l . .1,5 tb- s-lu Ii_ir’s rn-re r i l n q : r a t e l y  trean_t ,ed and n u n _ i 11 i n n _ n - ’ ;
¶ b n - t ’ r ’’- shon_ _ l I i - n - n i - _ i  n - m oSlem .
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n- .r n - L n - n- n - n - c r -..- - L - ’ n n-n -i’i t n ’; “ a n _ a n - n ’ -; I n -~ ’i- in -  and - ‘ - — n - I n _ i - a n _ n -  -- ‘_ i - n -n ’ ’i, I ; ~ - n - rn - na - n _ n- n-
t han the r i l e l i : ,n- ’ : -F - t i - , nn e n ’ ~ lt -er -nan -iv e-  II n- r n - u n _ n V I n n - n - n - n _ t n - n m - n -  I ’ mn - mis —
ruptions an~n-n_ n -n~~ by l’a ci, is-in_n ’ n-_i on n ,mrt ruc’t ic_ i n n - .

c. n_ -ana~at ic B In_ s -t in - Iomninn-’um n_ .tt ic-n- L’nn_pr’n- .’crnn_ nn-rta in n water ’ - n - -n -n - lit’,
n -n - i l l  i-c n - - n - - 1’ lected in’- n_ a n - -n - n - t i c  cm’garnicmn-ns . Fern-ova l of’ c’- s--n - _ a i r _ i  lan-u m n - n _ non- ,
tun-tmn _ i , 1 I tn - ’, toxicant s , ann--i the L ’n-mn_ iro ve mnn -enn -t of the ‘Jiss-ul’,’n-i ~n-’x I-,’c-umn n - or . —
ccn n-t r ’at ’i m ’n - n : of the watt ,-r --t i l l  result Ira clean water organisms m-’ -:in ,;tni t—
i,nn-n’ t he-rn -n-s-elve s-. An - t in - inn -rn -t ed improvements in s-ton_ in-r im c-c -r n_-,nitions v -_ an - l i
encourage rc-t -ou-ulni t ior-n of clean water benthic corrn’iunities ( e . n _n-a , midge
larvae , snails , clams , mayfly nymphs , leeches , e t c .) .  These ir; turn
won-Id n rc-ri-ic a 1’on_xi ‘an-n-s-c to reestablish higher quality fish species
( e . c - . ,  largemouth bass , crappies , bluegills , e t c . ) .

d. Terrestrial Biotic Corrrn-inities i-c- major improvement of th en -
t errestrial ecosystem is expected other than that resulting from storm—
water management .

Social

a. Inmignation Improvements is-n water quality and quantity in
the C—S~~~n-I area could result in encouraging more in-:r i~-t-atior : into C—SbLn _I-~.

b . Present arid Potential Land Use Resid~_in tln -n_l n-on -lain -v rn-ill be
beneficially impacted by providing a cleaner’ and macr’nn - a t t n - - a ct iv e  envir ’on—
ment in C~SELIv1, particularly near streams .

c. Recreational Opportunities Recreational opportunities are
expected to be en-Is-n-i n_ n -ed in that swimming conditions and sport li-n -n - in -ir a
opportunities s-hauls-  in_na t o-_ic . The recreational value along tic- ’ n - t n - en-n -n-n i_ in
(hi king , p in -r Ic ing , etc.) should likewin-e appreciate.

Aen--thet i-n-

lhar ,nea lit ‘m r-ten mua lity will be chn-ix ’acterized by clearer , n- n_n - Tn - —
paratively odor-less and cleaner streams . Aesthetic apprec iat ion n _ n - I n - n - - m n _ Il
Ic cn _ t ta ma ’n - i  from the n -’ ep c -n -u lat io mn - of clean water n.n -rgmn _, r n i s -mnn -n: such as ‘I -- n ”

- n i -  I ’  n - in - rn - t n -, et a .

The n ’ - ’ n ’ n : ” I ’ m. of bc :t, ‘ - r i _ i n -, viruses , toxicants and other i- ,n - t . In _ n _.-g’ ’nn s -
m n - n - i n- I In - - i t ’d although n - n - n - i n - I  :e },~,‘o1 ‘ - r n _ i _i Inn -n -n -a c t. The main n - en - In - n : - —

t ion Ia m n - th n _ n grn - n n  “ n_ y -n-n ’mt is- ia-n- primarily t- - the - n- treatment of both n - n _ n -I n _ n- u ’—
-mn _ ’m~ - ‘i,n n-n - n - n - mmn-l irn ’:’,I at~~~ n_~. ,’ n - t ,ar~, and a m n _ - q r n n _ m n - 1~,’ sized f’n-n-~- i i  I t . i e ’n - ,  i -- n - n _ t n - - c t  all

‘a n_ ’ her f’i -.- ‘~n-. . The n-’ ‘ n _ r n - n -  of treated :-: ‘ I ’ l u ’ ’nn _ t .  fn _~n ’ l ’ ~ 
I n n _ i  I - - n n n _ ; p t - l y  I

n_ n - .  ;n_ ’ - ’  I 5: h a v - ’_i.r a’ n - n _ a ’c~a tl ve  hygloma in -  e ffec t  : 1 m m - n - ’ -  _i 1 . 1  a. n-rater wn_ a ; 1 1
a- ‘ l i-PH , ’ n-- t n - n - n _ d ar n _ i s - .  T1n_~-rr’ v-_ i - - t I I p T ’Cn _ l n - mn - t-l l ,’ 1~C a negative ~- :‘ -y —

n - n i — i - I n - r n - I  n _ - n - i - I  n .  ‘.0 th ’’ n-a-’ :5  n -’m n -on -tn -’ n w’ n_ t - ’r’ fnr’  I n --m - -i ~n n _ l le ‘- n u t l ’ , ‘ n - t  le:n , ’t
I c i l y .

_ _ _  _
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‘
- lan’ n_ ” F, ~( i n _ I ’ I l n ,  ‘A

n -t n’ - - .;,: -r ’ n _ a t s -  in - mn - tn - -n ” s - n - n _n n ’ . i n ’ n-L n-n m n- I - ’ n - n _ n -  d i I I r ,n- di n - :‘n-i:r , n-f
i n - n . ‘ — ‘ -d i :  - - “ I . : .  j - n _ - n - n , , ’ . n , n -  . n ’ n - n U ’n.; n - S r - n _ n - - n - ’ , :.- , n -  n. . -s-i-t n_ I n-r~n- di—

I n - n_ i m ’S ’ ” - , ’n i - ’ - - s - .  Tine n r ’ -n - ,:s- .n.n ’-s- ten solo-n- n - n n - , ’ - - n _ n - n ,-n -nn - n - i n_ mr a’ . —
‘- I n_ n - - I ; - 111 n :  i, m n _ i-II ,’ be s-n -l an -n-i wIn- n - _ i - i c-i’ n -nm -  n , - t  ‘ n_ m. :- ’ n - f ’  tin- ” ‘— lKi-’i

- n _ _ i -  t : : n _ ’, IVeS n - a n . - - ” - - ‘n - n _ i o n - n - U s  and n-.n_.n -n-’ n - n - n - o n , t n _: n  or n .

In -n -n- to 1 in - n I~ ‘ n- ’ I - n , . ’ ~n n -  t tm n n _.- ru in -I budget conr ;t s -n -n - Ir n t s, n -i n - well us- the
I m m t - m n : t  ~ f n -’ n~ nn - n - -~-U ai— - - n ;,’ i r ’ n n r - :n n - t a l  analysis , t ine  institutIonal (legal)
-i s - n - e n - n - n -  3: ’ I _ a 1 n~:’ 1-1 1 in - in - ’- ’ li -n --n -a- s- los - ; were not considered.

no c lear— m- - , t nn-OflseflsUS c m ’ opininn-n- n - -x is -_ is- a n-r h e’n_TaIln-n-atoro ’
- n ’: nm- -n , t s - ’ - rn - . ; n - n - n -’ n n m n - n n - ’  i- .- m ’r ’ en_ ac-en-l use of ~~~e I-I l-_iU’gan n -n an -n -er- -n - for t n _ n - t n - L i e

r n _ ’n- ’ i s - .  n ’ n- nv n - , n _  m m  A - ‘ 1 : ; , ‘n- rn; c - - n - l ~I mn _ c - -S adeauatoly n -n - ei n lr - cn - s - n -  the foilon --:in -r g
n - - - -n- ’. , I : m . , n - :  ‘ - i ’ ’  - ‘-S i - n_ mn - n -I , -,-rc.- n n T n _ . i  n -I n -n ; r” ;m n _ i’ ,-” ’.l inc- n_ -n- nj  ti_ a’ 3200 nT’S in-It

m n - - n- ’,’- ‘- mm la.-:n_; levels-? U . n - -n - l i n i’ s-n- h n-n- n ’ e n ’t n - i - , - t I n - n - n n -’ s- n’ em nrc ’n_ ’- i I , as t i .  result
01’ — ,TdIi-- . n _ n _ n - t  n- I -c - mn - m n_ n - s - n - nn - t t l’n_ r ’cnn-ug h-n-~r .nt the ire-at lalncn-s- ban -i s-n_c- n- ’ enmn - ;l t .in’~c
i n - .  nm ’~ n-t I n n n _  l l v  imn - :n’ n_ :-mn _ r ’ ’-i n-ar -n-rn -al of large quanti t ies-  n_, f ’ lake - -n-ri t e-n -n’

n o -tn -ti le n-in-i lain_ er ’ nn c-c ’Is -’I ~~~ n-n-tn- use the reuse n--raters m”r ’or .
‘ n - n -n t’ tI’n-_i.’ltn -m - ’n _ mnl m sy. :i:. _i m n .: for potable n - m n _ n - e do n;J t in - en ’ as part -n-n-f iin ’n_~ ;n n- - m hn - m n _ t , n - n - m-
r’’s - mm ’n-’n-~n:’ on-’ rn-n- a s n-n- ’fn n - ; - -  s -n - tar ’ly f

to o:’m ’-:’r’ _i I ’,- . - foil -an-Ire ’- U ’ i n - r n - :  The use of m n - in t l _ i  i c-r in d In - n - n _ tn -
n_ n ,  ‘n-s-n-ten’ ~~~~ - n _ a ’n -n lu ire a , n I n_ -n- i,Sicai ,n - lv n-an n_ mm — at -n - ’ n-se- ._a

’ onn -er” n-n-’l,- S n _ n - n - ’
n’i_ann - i n , n - n’ n_ ’- n n - ’- ’-i r n - r e l i n e  cn- ’v n nn- t r c n s - l , i c - m n  l i t  n - n - l i t  i - ~rt m ,n -_ i n-I_at n-i-

n :; I n , ’,’ - i _ i - - n  in , “ n - - n - n . . n n’ -. : r ’m ,L ’n-- n--c’ sn_n - water to need n - n _ n - n _ i n - e r - n -  f a n - n’  n n - n-n- a ’li-a—
-
- and n_i’e-n -r ’n- -an -t ie’-n. ani rises . As s-tn-Se-i e n n - n I ..i e mm ’ , n- in - i s -  t n _ mn - i - - - t in .  - me-rn _ -

n _ i  i-. -n n w i - r I .  I n rn _ i’n ’n- -a r n -n - tn t  1’-.’ - In n - n -pact c-rn - bic-tl-.n- ~_ior’mn-rn-u n_ It In _ n - n - , - n - n n _ I n-~ n n - ’ n e -n -
n_n -- n - n - - n - I - - n - -  , n-n- n-~.t n _- r n -  - -r iot s -  m n - n i  n _ n - nn - e rn.lv r en_n -- - - m u -an - - n . .

- , n n - n n s -  ‘ I : , I I: ’ ‘ n n u ’ - ’ n _ n l , n ’ i  n - t a - l I ’~~t n n - ’n - - U’ use- of In-I-re :-:i ’ n n _ i -’n n - ,  n-i_in-t n_na is-
-n -n .  ~n~t n - - ’!l ’ . ’ n - n - - n -  I - :  n-n -n -ct t ine  i a - n : n n : n n - -  S- n- n’ - n - I c -u ; n--a l - n - - ‘ n a laIn -n - ’ m ln - - wa n-t n ’-
n ’ :nn ~ - n - n -  - - S ‘- n-i- n_

~ .rn ’n l i t : ’  i s -  r ’ , :-tn n -n ’ n n - n - ’r to n - - ,- : in . l a ’ n .  In _n -h e ~-la ‘ - n m n - ’t - n- n n _ ’ n- ‘,-, n n - n ’n ’
L I “I I in p n _ n _ a n -  n n- tha t m t n- it ’ n-

- i -, n n i ,  n - n  - I n  rn - n - - - n_~~n - 1 un-t s ‘ n _ _ in -- I : - n - n _ I - _ i m ’ t n n - - m- are r’enii ,i- ’n _ ’ n -  to  ic n ’ n - n _ n ”.”nn -n -
n - n - - I - - n ’  — h_ in - n n- n - - n _ r I  n n_ ’ t ic - ’ n - n _ n  - , i nn _  n - n 1  1 i - n i l ; , ” l’,c n n -n.n - n _,n_ n--rn - n - _ i n --n- . ‘IA n - n -n ’ -nny-n-- t _ i i - n _ m _ i t - o : -n_ ’

i i r n _ l  n - t n - e n _ n i l  the I n - i - n _ n - - i -  ‘.- ,“ . n- ’ ;-:nn ’.-- n ’ ‘i n n _ n- m ’ n n - n n - n ’ n n _ - ‘r i. ’ din- -ne :-:l n - A —
‘IT _i ’. (Tot al  Dln - . n- s - l’.-n-~ ’, . ’ - - . I n _ n - )  r n - n - n i - i I n - n - n - n _ n - -  , ‘m n - i  , m n _ n - , ’n - ’ n _ n - -

n - n _n - - I -n- ‘-I no - ‘1 a - SI - ‘- n - n -.: n , - — n_ ’ n n t t n - _ a  - I n - n - n  -
‘ ‘r n- n - on ” t i n - - ’ n - n -n’ t n — n - rn : . . — i - ”  - -

- - m n ’- - - ’ n- On - I - ‘ r n - i  ‘ I i- ’t, ’n were n u t - n - I - n a n - ’  n n - i~ th e  a n _ r n - -aI r -n _ in - ‘ ‘ n - s n - : ’  ‘ n ’s-n - ‘ n - .



_ _ _  --- -- ,- , , - -~~~,.-,,.- ,,.,— -

- ‘‘ - ‘Ill - I—i - n.S - I

The -tn-n- n - n - l yn n - i :  n-n_ f’ n- i nn -n-’ r n - n _ mn _ i.e - n. ’, in -n - I power’ s-yi n_ n-n- r n_n— i rn -rn-n cii  n .  -: n- ’ - -
- - -n - n - r n _ c

nn — n t tern mn - n -t ”.bii:n- ,Ln_c’d tm ~~~. an- tn- n _ I : , ’s- in : CI ’ n-ti n_ n - n - ’ fnn -n n_ - n l .  i - - n _ n - n -i n - y n ,n t n--r ’. a n ’ n_ n n - n , —
n _ n - n _ a n _ n .  ‘IA . - . eval -nn -n -_ i i n _ I  n - n - n - n c ’, -n-i- n” _i.acn’,~o.n- then’ I — n -w e - n’ ,m :’ rn - n n - n - - , ’ I n mrn _,  as- n - - I n _ L~,’ -

~~

i - n- t -m ’n ’ -,t ,ial aJ~n-~~.~rn _ S-n-_ i n - I , n n - n - n -  - t n _ n - _i_i lam ; I tre atm— nc’n ,n- n3 ,,’n ’ tn _ n -rr n - . The r .en-x- ’r -  n - rn _-
c-r n _ n - In - rn  was nn -u t cs -n -n - I _i - n - - o n -  an_ i a n’:- n- ’in ’n _ i I. -a - len - i r a n -  f”n -atu ,r-e r n _ f ’  in n-~; In -r - en -n -—
ment s-yr~tn_in n-n- n_ n - . The fol n — n- - in , . ’- d i n - n -n - n _ in n - n -  I n - n , ,  therefore , - ‘ice-n : rn-ut mie n - t n-n -I n-i
connn-t-lete in - -n - r n-n-a t n - rn - n _ n - l y n n -i nn- of t i n _ S n -  n__ i f ’ f ”n -n -mn t nn- of’ placL— ni- a power a- las-nt in - . n_n-
lnar,-.i treatment area.

1. Power plant sitir,g is a - in _ n - n - lain-c problem in the -C --rTELn_’I r’eglomn_ .
One n- -,’aluatc-n -- who has done consIderable consulting for the power ‘n- n-rn -n-—
ponies in- the area offer-n- the following opinions. There are twa -- wee ’
plant sites on Lake in-l-s-h in-’an- in UI  Inois and these are probably t in _ n - -  c’m’J y
ones which n-ri 11 - -vet ’ be u s - n - i .  There are at present four r ower- i n n __ i ,_i
sites on I~n-l-me Uictaigarr in Ind iana and the possibility of t n - - t n _ n - more , i n-I
n - inn - r e is ~~‘eat resistance to the develop’n’nent Cl’ these sites or to ex—
b-an n -si c-rn of power r -encrat in -n_ g facilities- at exits-tIn sites by n- -n-- n -mna er ’vni—
tin-a, and environmental n-_ i_ir’c--s-ps . Truly , the shoreline in the C—?i’ln_ -I
r ’e i-Inn -mn - has become a zone of land use conflict and can-ipetion .

2. With the c- omnn- ln- ’t l -mn - : n- c- f ’ tin _ n _ n - ’ power plant(s) on the Kankakee
Ri ’,rer in. ,n-’as -r — er ’ County , ind iana , it appears that sites on stream s witin-—
tn_ i n-mr close to thn - ’ “ -~SEiJ ’l n -n-n - i - -n _ nm are about fully exhausted . Additional
electric:-], power ,n -n -u çr lies for the C —SFII4 region most likely are to be
developed outside the region . The power plant sites being developed
nearby but outside the S—SEI1~ region which have cooling pond s include
ti_i’; I t ’~n - SUn _ m-mn - St n -t i cn  ( 1250A) , LaSalle County Station (‘4~ 80A) Powerton ,
and In -On -mt-n -n -n _ c -n _I I’ta t ic-n  ( - t BSf l A ) .  Thus very large cooli_i w- pond s -at power
plant n-it .c’n_ i . n_in-n- ,’ be devel:rnen-i independently of the C~ i-EU~I study W_ins-tt’—

‘,-an _ ’,,~r rn-nanagmn-mnn - e’mn-t alte -’r n n n - n - t l v e n - n -.

The use n-n-S ‘ - n - n s - t n _ m w_ in - te n - ’ storage pond s for cooling ponn-i n-- for 1ar ’ n’e
I nn -n - en ’ n - -I _ inn_ i ts could hav e- important benefits if they are -dec-ian_ned and
cp—mn -r - tt en_ 1 properly . They could also be an enviror~~entai nu isance if
t t n _ n-’y were -m i- rn - r n - c improperly.

bow- -s- ,-_ in-’I n ’r ”n _ t i n _ n - r n -  in conjunction wi t h the land t n - n-n -n -tn _ in -n_ it alterna —
t in - -c s -  ( ‘Li,-’ and V) in -n -n-’ nn on -ier _ i’ _ in - t”Iy r n - n - I l .  lye- in-n-pacts - w in - - n ,  . ‘ m ’ r -m r ‘ e n’ - - ;  i i  - t I m e

1 1 n_ n _ i  ‘ I n _ n _  ‘ t il _ it i ~
‘ el rn _ f l  _iA~ i _i the ..n-” T 

~ n - n - r I_ i
‘ll n _ i n -- ,  n -n l t ln -  -ui-i n_ ‘nmn -w n_ i ’n pr- n _ x i s - c t  in - m n i t  self has rn-one In ’nm n - e r ’ e-n n ’ ly n ,n-c’mn-t- ive
n - n ,’: r n -- r n - nn n - - n , t -~ l i-n -pan -- f .: I is n-; I - -w e ’  I as t e l _ in _ i -  less n - e - n __ in _ n -~ lye n-tn_ - ’n n- i n _ i - s - n - i  -n-i
or ‘ l i s - p n _ ’ n - : ” - t , in - ’n J n - f n _ - i s-ito :’ n - - n _ t i n - -  n ’  thor: elm_ a -wh en -n- I rn  She - “-s I ’ Ut n - - i - n - n m .
Ti - i n ’  Is -, i’ n - n n - -  I , ‘i - n ,  n ’ ‘- - n_ a : , i n n -  i - n - n _ ’ n_ i n - n’ n _ — ’t , ç-r’ c ’i- ’ ’r- - i i  I ’ ’ tn -
• i n ’ . - r - - - t ~-n’, r a ,n n - r -- ion n- ’-S - - i - - n - - t n _ - I - n -  n-n- n ’ —  n - I n _ n _ n -’ ‘ ‘ n - n ’- mn-u c n . lt ;  n - n - I on - i - t n - r n ’ :, - n_ -n- - ‘- i - . i n i —
i- n - in- n- n _ i n ’n -i’u ’I lne m ’ a - -n - t ’n _ n ’n - A ’ . ‘ IA n _ - - n ’— n - n - n _ m o o n - n- i t n -  for’ s- - - n j - ’- - T n - n -— - - n ,

d i  L n n - i f : v e _ 1’,- ‘n ’ S _ i t I l ’  n ” n nn - ”’n , ’r ’ ‘- n - t m--n’ n _ m n _ n - n - I l l , ,’ n _ f ’  t , l m ’  ‘ n _ n ’ n - : n  la m .
t.b- -n _ ”n-’ n _ i  - ‘1 ,1’ - -- ~~~ n_i n-I’”’ ; I - - n  - - ‘ r n- - ; - n _  I n_ ’ ,-:~ - - ‘ ‘  . ‘ n -  - ‘ - 

- ‘ i I i n _ n - n _ ,  n _ n - I - - ‘n_in-
-n - - ‘ n -, ‘~.n ’ - - ’ n _ m n _ n - n -  n_ n n 1. - - ‘-Ii ‘ - , n -a r m.

-
—
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘-

f - - n - n - ‘ ‘I, - ]n - n _ n niI n -,’; on - ’ n - nn _e - - ‘ i- _ n _ i n _ r n --n I n - n _ , L , n _ n _ m - n- _ i - n - ,  n r - : ‘,‘Ct :, ’ n - i -n - ’-
‘ n - n - n -  - ‘ ‘ “i , : - ‘ r 1n _ n  - : ,‘ - . n- ‘ i - u  n- , ~~~~~~~~~~~~~~~~~~~~~~~~~ n- ‘ .‘. I

n ’ . ‘ ‘ n ’n_ n ’e n ’ ” ,- n ’ - . n - n - - n , n . . n ’ - c-n - ’ ~. ‘n - r , n  -
.. - m n - n - - ‘ - n- , 

‘ ,. ‘ ‘  —

‘s- u. n  n - n i I n _ . n , n _ ,  - n ’ I - ’ . , ’ t n - n’  . - - , .  U . ’, , m I n - - n -  : . ‘ ‘
~~~~~~~~~~~~~

-
~~~ - ‘~~l - -

n _ ’  ~~. n _ t : i  in - ‘ n -  n - n - - - ‘ — - ‘ . 1 ’  ,‘- “I~ n_ n ‘ n- rn - ‘,-:rn n _ n  m i _ i  ‘ n , , - - ’ - n - -n- - I. , . . , .  ‘ - ‘ n ’ n _ i n _ n -I n - rn -  -

f i r _ c n n -  ‘ n - n _  - n_ i I I n - I n : n _ I  20 , 000 I i -  n n- -- - -  n-n-a n , n -OO I- -: - - 2T ’LS
e lec n - n - in - n _’ n- l n-er ,n-- a’ n- t ] n - ’,c n- n - a s - c s -t v  n - nr c n - n - i - n -- ’ ’, , 1, 1 ’  ‘ -r n -  ‘ n - n t . ,n I , ’- - : a .
n -f Ain - n - n -n.r,~~lv - - ,_i Ii’ - n - , 1 ’~’ ’.’riil r n - - n - - n - i t  I n - ,  I :i’ , i - , - - i n , m c .n 
_i ,nn - n - I n - ’ ;  of’ n - :-n - e en s - n - i n ’  n _ _ i  r im , , n — n _ a - S t -n - n -- n- - n - , - -  n _ s - m i ,  1’, ’ , n n - - n - n ’- , ’ n~, i n .  -J n _ t  - _ i

~~~- ’~~
,

t he- Lake I ’iic h ln_m-’ n _ n , n - n r c - n o u n , ’ “n-h. ] nh n- ar_i b -n -nn -’n -’i t n - n’- - n n - i n - c - in - n -s- n-. - -n .  n . ‘ , “
~~ 

- —

t i t i or n -  for i~.um- mI i n-n-n-’rc-e’n , ~-u L U c  . : t l i l t i - m s - -  ‘u n_ c n’ s - n - n - n - n - I  - n ~ n_ n- I n-
‘m i _ i n :  Inter- n-n- s - n - s .  n- Ore n- ;n - - n _ L  ;t :c, n m

n- n-n - n _ n - e r ’, ”, n ’ - n - n _ , n c ’ - .n-’n ’ n- - n , n - s  ‘ui-i- - s - n - n ;  ‘ n - t ’ ) ’!-

s-n -n -mn -v Le  nnnet 1-1,’ t- in _ n -n- ~,an-_ ic n -n - ,en -atn , , ,m ’nt a l t - mn -n ’n~n n _ n -  I ‘:-  - . n _ ih ,~ 
- - n _ - n .  ~~~ - - ‘ - n - n - n ’  ‘ n - . ’ n —

i-is -rn_n -c- . ;nn trn -n’ a less-er’ n _ mr-t a ] .  n - - r n _ - n - m n ”  n_ t Ic-n-- n - n __ in -  m n _ - it s- t i n - n - ,  n - .IU ,
t ime c-timer aItn -r ’nat i’n_’n_ n--n - b e - c a - n - n -c  ti , - ,’.’ s-.’n - n - n _ n _ n - -  ‘:1 rn r’ n-c- -n - - n , n ’ i- .,- c_i n _ t m
t ried: via the tn nn r 1 - “- a n - n n t -’ n _ t : : n ,  of’ n , n’ ’- -’ i n-n- t n -m n - n _ n - ,- - ’ n - -m n - - n _ — n - i

Lin-.e concept of ,i - a i n _ i t  s - in - l a ,- ’ e n - ’ n--n - - n ’ n n ’  - n ;  ‘ ‘ . - n-~_i: ‘U’ I - n _ n -  ‘ n -

the land treatment areas n- - n- n _ I . J  i_ in -n - ’,’:’ ‘ n_ n- - m s - li. Ia” - n - - n _ i n - - n -’ -i- - - n .  t n _ a -
of the rural areas- . A n - I - n i l _ i l _ in n - al -‘ n _ nt I “n-’, - ’n , n -  - n - m ’ n ’ _ i n -’. , n , I ’ i - n - n - ‘,‘,“ ,i
and thi s in turn n-n-os-i-i in -n - - n -n - - es -n - c n -- n- :i m- .-n , n . I : .  ‘ n_ ‘~,l’: I

However t n - n - r n - t n - ’  S:-on- . a  n ,m ’ n n I n : - n - n _ : , l n : m . n -  n- i-, ;’: n - - re -s-.: n - n - : - r’
ergisms may be, t hey s - ’ n - n - L n  ‘ ‘ nn - .m ’o ’ .n - n ” n - mn n~ a - ‘ n - - n _ I - - n ’  - con , - - - n , ’. m ” n-I l - a,
mn -t i n - i -  facilities t han-n in _ i m e a n - m n - s - _ i - - i . -  Sn-n- n-- n - _ i~~ i- n , - .-~~n : -  n _ n -  t b -  s-~::. ’ t I _ i -
put tn inr- i-m’ - ’n-rtnn ’-r’ stresses -n-n: ‘n - i a ’  n--n ,’ !Im ’ ’ n _ :’  - - - . . I’s-_ i-’ ‘ ,- n ’  con .- ’ - -n -n - a n _ I  I
~n - _ i - 1I  n - t i n - n - r n  enn -n ], tt mn -,m_ i s-n - t n - - n - n c -  n - I n - _ i n: I :  n _ n - _i’ : n ,  n -rn - i - n - - n _ i ’ ,’ - - ‘i- . ‘,‘

pact-n-n-I ar e- n-i n - in - a n - n - Il be a’: I n- -I . I - n -  - n_ .n _ n -~~n_ ” n _ .  n - n - - i n _ n - n , It , :’ r ’’: n_ ’ i-rn-rn- ‘1 . , ~ n .
tn - r n - ’  n - n -n - s - t n - -ne_ i t em - ,nt - .n--r-ai-n-’ n -cm , is n-n--n-. - I i n _ n ’  n _ n - n - ’ ’; ‘ ‘ n ’ ‘ n -  - I In  . - -

wan -’ r-ro v i- ’Ie mI l’- , n -  a S n _ I ,  n _ m ’ v ’ n l . r t I ’ n n  - n- n_ . l . -~ ‘ - - n - - i - m n _-i n - n - l  ‘ e n , :  n _ n. . i n i -  n-n - n : s - -  —

- i s - cnn i n _ _ i n - n - ,

- 
- 

1- 1,-n - ‘n 11-if Ii’ I-il ‘. 11 - Il  n-In - -

All ‘~ n ’I~,1 i-i _ ’ - n - _ ii~_ ’ ‘ n _ ft - - r n : ; ’, ] .  - n- i n n s - n - n- - ’ I n n _ n _ n -  ‘ n_ n , ’ i n -  I - , ’ -f ’  ‘ I n n-
n- - rn - n _ -n - t n - - i  ‘n _ - n - i l , n - n - • n - I ,  ~.‘S i~- on - i , ’’.: ‘ n- ’ i n , - ’ I n ,  n - I n _ n - - n_ n ” , ‘ e n _ n in - n -  n _ n  ; e n - ’ I - n _ n i  - - - 

I n . .  .‘n _ i n _ n ’r m - ’ n : t n n -  In - n _  t h i n _ n - n  . - :~_ , n _ _ en n , _ 
I - - ‘ ‘ ‘ ‘ n _ _ i t , ‘ - -  ‘ h- n -  ‘n ’:’ : , ‘ - n- -tn - i- -

‘“ n - n - ’ t , n - n _  ‘ “ - ‘u rn- ‘ n - n -  S- n - n ’ n _ i n _ n _r - m m n - ’n- , n I ’ : l  , n - - _ i m - l - u ’ n - Y -  m ,  ‘ n - n - , n  ‘‘ - ‘ - ‘ n - n- ’ I , n .  I ~~ c n n - - n- ’ .
r ’ e ._ ij , n - ’:tm nagennn -u n n _ t . n _ - n ’-m n _ -~ I ’ m fo r’ t n n _ - ’n ’- ’- ’ m n - n _ I -  n - I - n_ I : - - m n - n - - - n - S - - n - - n  ‘- n ’  n ‘ - n i .

- - - - . , - 5  - - ‘ ‘ ‘i  I n _ n , ,  ‘ I n - n -  1 i n n _ ‘ — ‘A L-I n - i n -  r n _ n -  ‘ ‘ - ‘ n , n _ n _ ’  n m - n ’ ’ . ’ ‘ h - n ’ ’ ’--
- -  in : n - ’ ” - n ’ n  ‘ - n- r’ n_~ - -



n_ i n - n - }~” 1” i-” ”, ’

This ~n an- ’tin-’u 1n u -  n _ - n - s - t ’n_ s- ’t n - i ’  t i ,  ‘— , ‘ I l l j i -’, : ’I , n - l ’ ,’ ~n n - n -~ n ” - - ,’ - ’ i v - -n _ l I i -  ‘ ‘ - n- ’’

t _ i tn - - ; r n _ n - i - n _ n . ti n t n -’n~n, : of’ I t . s -  ,:, l ’n n n ..-n - - i - i s - n - ic  J a n _ i n - I _ i l  in - in - I- , n .  1 n _ - ; n  t n- ’n’ i n _ m~ n ’ n - s - n —

n-n e rn _ imn c - nn-” the 1900 ma_ inn - 2020 supt -I’n-’ and ‘ in - n - n m - nm - I  n _ n l t - ,n - ’ n I i - - n . Sc-n-’ l nn _ - .n-’ -c-— ’j mn - .n_ . :- ‘ ,

non—metallic rn - n - in _ in _ n - n ’ s - l i  resources in: the C—SELM rn - i n - i _ i n _ n - , .  i - n -n -n -n - l i en - show
urbanization r’ os- ’r l ts  in-n- the ‘ft_ iuIldi ,’ n_p over ” of an w-ban an ’ennn - ’s n - i n - a n - n ”—

resources. .Th ica i -nm in _ i  no exception . It is doubtfu l t in _ n - _ i l .  rnn - oi’~- n - i n - n _ n,
a few 211 _ in -_ i -Lan n - n-n -ui ’ structures r~ nain with thin over’burden to t n _ c -  - i n-i - -i -
oped as quarries in the C—SELM region . The Indiana portion of . ‘ -I,IEd l
has no s-s-pin-lies of gravel and must rely on crushed stone fl-n-rn_ n- q_ i .r .nn _ n - ’r’ i e - n-
for its source of aggregate . The Port of Indiana used rock tran~s; n-s-t e-n_1
over’ 200 n _ n - nil-  en- in the construction of its breakwaters.

With these facts and examples in mind , it seems urn-wise not to n _ n - a -r n--
n -In -ic-:’ the dolomite rn-Inn-ed dur ing tunneling and lagoon development as n-n_
potential n -n - n - n -n n _~_ini c corrnnodlty . Therefore , sigrificarit future resources
c-f’ crushed and dimension stone should be reserved for the future growth
of’ the’ megalopolis.

RECLAMATION OPPORTUNITIEI1

Knowledge of thn- ’ ‘-i-i-il l region ’s land use hi s--tel -i - reveals that
much of t b _ i  area in’ - a n’ n .- ’i-i ’imirn n e-d n- n - n _ I n land , the i-nn-lumet i n - n - n - n _ r n - s - i n - n - I n , -- Y i n _ n - i n , .
This as-n -mi , onc e t~~n _ n o tt  - n - m n -  ( n - f ’ i n - _ i l - m n - n -  IlI cnhip’ an ; , was n-s- ’ily recently n-a id , lan_-

deed , in - only now , Im”i:’n_p -Jr ’s-is-men_mI . It contains many low marsh n-u n- - i in_ c -i -
areas . Dyer- the p s-n -n - 100 years sand has been mined rn - n - n _ n _ i n -  -hin es- and lis-
t - -- fill in low rec.~i n - n - ns -  fa r ’  the urbanization of greater - ‘ i f - - rn - n -n . I’luch
- :1 ’ t i n - - n-’1 is -n -r n -n n -n - i l-m n - fr ont cons_ in-n-s of fill from tin-n-’ m d i  mn _ i n - n ,  n__ i }_ i n - r ’cn -’l i n n -  -

n_j une:.

Thin- t r’O n_n- es-. ,n- continues today . It is inconceivable t in-n- tn a n - -—
pus-a I to c’-, -rn _ n - -tr ’uct a rn - o n _ u  ‘m n - in - n  from :rn_ .in_ in-’,I rock can ‘r n _ in i-n ’n ’ n-’-e n n t n _ - I  ‘n_ ’~- 1, i i ’  -

‘‘I n n _ un en- tn - n - in’,:- ” n_nft n-n-and lu_ i n_ c-c are being nn - n _ in en -i for’ ln - umn ~I r ’I I 1 -. n - r ‘n - : -  : . A

in —i n- pm’ t or i  ti-v t ’or mnir’;sn-~ I roc -t and soil should be ti n _ n - ’ un - n - n - ’ f -s -n’ In _ e n is-I ’ll] .
p n _ nr ’ r - r n - _ iun - -. .  ‘li’ n - n - ’ pr ’s-at ic - of s-and—i It r- minnin - n-p in-n -n - ex t n ’- r n - s - lvn - -  an n-n_ I r ’es -- ;ll:’-
I- n_ -e n -n - ; ’,’ la ,n ; n_ - - .n n . m n n -  ‘,-:..n t - ’ n - — n ’ I ] ) n - ’. l  ‘ -u rn - i  r n - n i n n - -n- ,n- . Fl-i - _ i - n I t _ i ’  n - e r ’  r ’ - . - imma t . in - -n ,
un - n--: - , - f ’ s-n - In - n - n -  r n -n_ c l-n ‘ a - i  n _ i n - l i  n h - ’- ; i J  involve’ t i - n- - - fo 1len-; t n’~_i i n- n - 1 n e ~ ‘~~ ‘I n - lA s -

I - n_ -

? i n ’’— - - ’n-n’ ’ i~ n , ’ — i  n - n - ’ i l  1. as - “ n-_i: ’n_ ’- n ’  n n n _ n , ! - n - l ’ n_ ’l i n  s -n _ n - n i - t n ’ :
l mn,r ; - I I l I l n ,’ w n n - - : - - -  n - in __l i .  ‘ n t _ i n-, .‘ ‘ -Vn - ’n _ ’ i s  - n n _ - ’ -n-r ‘ n ’,’’ n _ i l ,able.

?. I n -  L 1 i r o ’  n - n ’ n u n - - I n - i n n - n -  n - n - r n _ i _ i ’m m n _ n i ’ : --  U- ’cn _ .i’ i - -  l n n _ ’ n n i t l , - ,’ n r n - . i  ‘n-S n - -I _i

r n - m n _ t n _ n - i n -’ I:

As a n _ l i  1 ‘ ‘n - n _ t n - -n - ’ i n  n- In - - - n ’ i-’ m ’ ’ en n- - I I n :  - n -- I - n - t~., I - n ’ - — - ’  - n n-’~’ l i t ’
n -n - n - r n _ n - n i - .  I n . , — ‘ nt: I l a i r- s -‘n- i’ n_ I ‘ n ’ - ‘f- n _ n - .
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Ii i
- -n ,  - n_ ’ n_ n -  - - : - - ‘ n - I -  ‘n _ n _ n - il l 1 , 1 I n -. I n ,  ‘n - . t 1n_  ‘-mn -o k - ‘ -n - r :Iny , - - ‘ - - ‘ - ‘ n _ f ’ n-n s-Li in ’:

I: l u :  is - i n - ’  - n- n m -  - ‘ - i i  ‘i - i - ‘ u n _ , _in- I - n-h - n ’  n-- n - - en m ’ n - n _ In _ n - ’ ‘ e m  1, - n - n - n- i n - s -n- ‘ n .  -

- n n _ : - - - ‘ ‘ - ‘ n  s - cn _ I ,~ 
-
~r” , n - n n - - i - i n -  n _ _ i  n - a - —mn , - n ’. i- - -n n - - ’  m , - -- ‘i s- m : n _ : n - m  n -h -n - ‘n - ’ I n - n _ i ’ s -

‘ n _ n J  tn _ n - l,’ - - n ’ m n _ , n’ . I- ” .i- ’n- on-’ - i- In-

- ‘

2 - -h n - - n _ n - - !  n - - n , ”  s-i.- .- ’;l i .n , t ’: i,o _ in - n _ ,: I i n - t ” ’ n ‘ n - n - t n -  n _ n - 11 ’, n _ - - n - ” lnt S n ’

‘ s - nm- n_ ’ ‘ - n _ n - n _ n - ni n - -  - n- I ‘ _ i _ i - n _  ‘ -n n  i n n - - n - -  t n -  n - i  , - - , i:, :’ I - ~ I .  Th-_ i nn , ’na I n ,  ‘ ‘ - I

n n - - :. - - n _ , ’ - n - n- n _ - y  ‘. i n _ ’ ’ 
- - ‘ I : n_ n - n -’ n - , ” n - ,  - ‘n _ n - n-n - n - _ i n - l ’mn - n - l, ( S  ‘- n - i s -n-_i n - ’ ,,’ - n _ - s  - e n _ _ in ‘ i n -  n - I

In- n- n - n - n - s - i n - e n - n -  1 - ’ , ’ :, - ‘ i - - rn ‘, -m ’ ’ . n ,  ‘ n- n-~~~~’ - n - n _ n - —n - -ni n - - s- -c - n - i - n -  _ i ’ n - n _ ,” - ’n -n_ 1 1 c m  - m ” n : l

‘ ‘ ‘ n - n_ n m’ , —— ’ - n n n ~n --” :i ’.’- -  ‘ mn _ n - n ‘ ‘ n m ’ :  In -u n - - I n - i l l  p- las- n - , in ’,n -’i n-n- ‘U In-tr , in - n --n- ’i r-c’ .

n ’ -~ I n n - -  -t torn -  n-n- F in - i n _ n _ n “ i n - l an - i n -” pl c-A n - n - s - _ in - I  at U , ‘ n_ ft _ i-n-i-n - - n - i t  i n - ’ - ’ - i -
n _ _i t ’  :ly n _ - n - on -mi I~ : tin - n - n - evaluators with t h e  I: ’, I ’n - m ns - n -’n _ i i - n - -n ;  n n _ - rn - n - n - s - s - n _ -tn: fur ’  ‘n - n y

‘ “ - n _ n t  tn - n n n n - n - ; n _ - i m ,n_ -I n - tn _ m - . ‘n_ ’ f l n - I I C  thas n - _ iy n - , n - _ i n ’ i - i s - n ’- n-il p- -n-u n’- I - - ,‘ s - lL  A ’ , i, n_ n_ ’ - , n _ . - , In _ n - I

‘ n n n  I - - n , : I n - ’ m n - r ’r n n _ n - n n - n n _ n - n - : I  l _ i n nr — n- in - ’ts-- -, ’o ‘ - n - n - i f  L n _ - yan n- - n- the sc _ in - f~ t h i s -  s Jy .

S
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~ , TI-LE lAIn-ACT OF EWIRONIn-ENTAL PAR,AI1ETERS ON
HUMAN ACTIVITIES - AN ANALYSIS OF ThE B MATRI X

The methodolo~~i pernitted a generalized evaluation ci’ the impact of
changes in the environment on human activities. This evaluation was based
on a potential increase or enhancement in each environmental condition ,
and was assumed to be independent of the specific wastewater treatment
system element which might affect the environment . The generalized impact
relat ionships in the B Matrix could thus be used to transmit the environ—
mental impacts of any alternat ive wast ewater management system to a wide
range of’ important human activities.

For example , the evaluators were asked to estimate the probable im—
pact of’ a hypothetical enhancement in water quality on resident ial activity .
C)n balance , the evaluators judged that impact to be moderately positive.
This inforir ~ tion provides a way for the L~~acts of’ was t ewater cystem ele-
ment s on water quality ( f rom Matrix A) to be r,z’nderstood I n -n t erms of’ the
impact on residential activity . If a system element results I n a large
positive improvement in water quality, the impact on ron -n i i ~-r_ it ial activity
is expected to be rather large . Since an improvement ‘in water quality in
general is expected to have moderately positive consequences for residen-
tial activity , a large increase in water quality (generated by a wastewater
system element) is expected to have a relatively larger positive impact on
residential activity . Similarly , any wastewater :yste rmn - elenn-im-nt which leads
t n - - a deterioration in water quality will adverseli.’ af fect resl -n-hent ial
act ivity in proport ion to the extent of the deteriorat ion In water quality .

Thus , the evaluat ion ei±odied in the B Mat rix provides a shorthand
method of measuring the impacts of’ the wastewater system elements on the
environmental parameters in terms of their inipacts on human act ivIt ies .

This general evaluat ion , of course , represents the pooled jud~~~nts
of the evaluators . Disagreements over direction and magnitudes nat urally
exist , and the major disagreements are noted below.

TableE A—l displays the B Matrix evaluation in symbols. The primary
impact cat egories (the environmental parameters) are each designated as
rows . The irrpacts of the envn-LronmentaJ, parameter on each human activity
a,re described in the appropriate coli,mmn . A large circle indicates that
the impact was j udged to be large and positive . A small circle indicates
a moderate positive impact. The shaded circles indicate negative impacts .

WATER QUALm AND QUANTI ’IY

An improvement in surface water quality is , ln :n _ i i - e ’ - l  ‘n.e re ’s-alt in a
inu’ i -” impr o ’n_ ’ernr ’nn-t in recreation , the’ aesthetic quaj it y of n - h -  environrnrr_it
and ecosystem_ i s-t - it s -n-- . l-ln ’~le’r ’nn -t ,e improvements I n _ i h--n - i - I l n and n -n - a ft - I “ , I ’-n _ c~I
~s- -- i n n - n i Ion - n - rn - I r ’ e s - i - iom n - I  I a], ‘ n - ’t - i v I ’ v are also -‘xp” -m n-’I ~o n ’ s - n - n - I ’  i ’n ’~ rr -‘u _ i ’:
enhanc’’r’n- -r -,’ of - n _ n ’ S - n i - n - - - n- n - n t - n ’  n- n - n - n _ l I t ’ i . T : nm l ” n ’d , im — ~- n - _ i ’  - - - ; ‘

~ 
‘ i n _ n

‘,c n _ n - t ’ ’ n ’  i - n - - n - I l l  l
~~ wet ” ’  Cc -n _ n - n - n _ I i - n - - I Ic-- i,mn-’ os -n_ i’,’ 1 ‘-n -en- I s - I - i i n_s-n ‘n - _  ‘ ‘ ‘ n _ m n _ n - m u m  n-i,_ itl ’,’It

- ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~



n ’- ,,n _ s - rn -: of the positive irn~’na-nn - t ,nn- on ’ tn n _ ’n_ ps --u ’~’ - - n _ n t  n , ‘ : i n _ n -  -
- :n’ I ’r i- .m’c- n -n - tn ‘ n  ‘ ‘ -

on hn -n -nj n _’n-nu n activities are the s-- - n - - s - n _ n - ian-”- : e f m ’- -n - n _ n - s  n -f  U , - n - i n - ’ i n s -  t n - ’ - n-
face -,n -n ,i I n - O ’  q nn - n _ i l ’ i t y  on intn-r ’-,-” n _ i in n _ ’ n s - - n - t i n - V  i e’s-. Fn- -n ’ - m - n -u r : - l~- , n _ ! ’  l u ’ ”
i nn _ i - n’s - n _’- ’rn~ r nm ,n m n - n _  n -: n_ n - tn - n’—s--_i’lat-s--j rn -n-cn ’n -n-n- ’J on __ is -i nmi~n- ’ .L’ : ’  -: I n n , ’:’ - 1 n - ’: ’ m , . -n- ,- n _ .  -

i nn t b _ in - n -  imnurn-r ’ m ’:- ” n _ n - n n  n-i ‘in n _ n _ n - n _ i - f a n _ _ i - _ i  water in -n _ s - f I ’ ’: ‘ n-s- ’s - n -’ m n-’ s - n  I ’  is -‘ n-
Ls-~~n’-o’vn-m’ n_i rn-_ i _i~m1 attract ive n ’- -n - i i ent mn _ ni l  n _ n - n - , ’ ,’ i n -  ‘ n - _ i t -c-I . A n_ - - r - - ‘ n_ ’ ’ n- ’n-n- ’n - : - -  n - n-n - :—
idential enc:h’-n - r unn- _ i n _ it i n _ i t n - n - rn _ —n , rn-s-uit s -in: i n - - n - ’  i - - n - c  

~~- “_ i  n- ‘ n_ - ‘~ - ‘i - ln-’ ‘ n- - ‘ ‘ . ( ‘ )

Thn -n - rn _n -pr -eve _ in -n -n -n- i i n n -  , n - n - n - n - ’ laco  ‘ -n - m n - n - - n-  m n - F  ~~~ (n - i n - nt ’, .  m n _ n i , ’ ’ n - ) , an- in n -
case of water quality , is-- viewed as hav ing a n-tr ’on ’nr ” s-n~ I v-:- inn_~ - n - s -” ,- n _ n
human recreat ional activity . Irnp rr n -n_v -n -nn -r n -’nt : i n n -  n - - r i -S n -- n - ’ :  n-n- ’ n - t - : n ’  an-_i n- mi In - i I ,  At :,’ ,
without a similar improvement in water s-ua l i t ,:’, a n - n -  ‘,‘ I - ”n- _ i- ’H as- n _ r o t  inn - n - In - tn
as extensive favorable impacts on aestheticn_ — n_ u n - I  -n - n - n u n-s-n - mit  n-i’m s-’ s-t n -n_ n n_ n-s-
improvements in water quality alone. t i n - in - i I f - -n - n - _ i n _ _ i c - - , in- s -w ’ -n ’,’-, ’ n - , n- n- s -i n n-n - ’
exist with reganmi to improvements in residential activity. ‘One u r n l n _ ’ - .-rrTJ~,’
moderate impacts on residential activity are probably the in _ i - i m ir ’eo ’n- en ’fe -n
of surface water quality and quantity on recreational activity ann-i n-n-n-, ’n n - t i t -  - -

tic activity .

Additional surface water does in _ av e a rn _ un -U-n ’s - i -n - : ns- n -s i t , i vn -n - n- Sf- -ct  on _ i
industrial and food production. As in the s-n-n-n_ n- Of i nnpr ’nn -v- rnent n- t in - n - n _ n - n -n -n_ n - s-
water quality , the gr eater availability of sun -n -mn -on - ‘n - n - n - u t ’  n-n an- n - ’ i-”w- ’- i n_n-s-
having only beneficial effects on human activit ies- .

Improvement in subsurface water quality is- seen n_is- s-en w ’n ’n - imn n_ t 1 - - -n _ n - - Si -
- Is-I

to residential activity and health and safety . fn _ n _ n i m -rn - n - v ermc n _ o~ in s -ui- n _ n _ w ’ San - - ’
water quantity is expected to lead to moderate i n n _ p n ’ -n- ver run _ r In : I nn -  mn _ n - n - lu _ i _ i t n i - n n _
and food production and residential activity . As I n _ n  tb _ in -  n - - n _ n - n _ n - n -  of n” urt”nn-c-
water, enhancement of subsurface water rn nn _ o n _,ir mn --c - ’- w’mn _ ’ ’ ,’V n--r- ’- l  as i n n o ’ : n n g  o n _ m I - :
beneficial effects on human activities , n - n - n n - n _ n -- s - i n n - i iy s-es - i - i n n - i n n _ I  n inn - t , i ’,’ i t v .  ( 2 )

(1) It should be noted here , lncwev en_ ’ , t I m _ i t  t i n - ’ P I’~n -utn _ ’ l x - n -’ ’ n _ n _ n ’i’I A ’,-: II , - -

probab le result of small n_ ih nn - r n n n - ’n ’: i n - . ‘ n _ n - i  n ’  n - n-n- -n_ i t  i~ s - A n _ n - n - ’  i- tn - -n-i: ’ I
on each human activity . An “xi n ’- ’an -’ l ,’: I u’s-, - - - - ‘ n - ’ ,’ t n - - ’ n ni m, ’ n n - t a l  ‘ n _ n - u s - - ’
might reverse ti ne ‘ - n _ f- - ‘ f  -n - n -n ,  human ‘i- ,’ I  1 : 1 ’  1 - - . - . If , n_ ’- n ’  n __ i m -m’ ~:n_ ; I t ’, m i
large imnpr ’ovemnent in  :‘ - ‘ -n -r ’- - -’ ns- I n _ n I  , mln - n - . n ‘ n - n _ n - - n - - i ’ - - - i  ,n’ ”n n- ’ , - , , t n , n _ ’ n ,
the c’ffr’cn-t n- ’ f I n - I - - n — - - , ’’ I - n _ .  - -n _ n - - i I n ,  I n _ t i  ‘ t ‘ ‘ V I I ’ :  ‘ m i S-I b- -n-’ - n _ ’~-
n-en - n - n - n _ in -In-c . In -‘- -n- - n -n -F , ‘ - ‘ e’,’a l ,  ‘1 - n _ n -  a, - ‘ - n-nm ’ I ‘ n , ’ ‘c m : , ’ ~ m ’ n-’ ,~- ” - , ’- in _ -
the - ‘rn ’,’ i _ i ’  n- n_ ,n -~ - n _ m ’ 1 m n -m um’’ - - ‘ ‘ ‘ a - ,  I n ,  - i n ’ n_ I I - ‘ i i  lv n- - n ’ s -, ’ ’ n - n - i n n  - he
re’ 5’ - ‘n-ice - - ‘  I I - I -‘

(2 )  Ii’s -” ’ ltn’tIn _ m n-i n-- n”’ l ’ n_ n - ’ n ’ n - , ’ f ’ ’ ’’ - ‘‘ - - ‘.‘ ‘
, ,~~~ i n s -  n _ r b ’ ’ I ‘ ,. ‘ - - n - i n

- - ‘ ‘ ‘n - - - - . . n _’ nn n_ ‘ - ‘n’ s - _ i  Is- , * x -  n’s-, ; s-e ’— ’ ¶ I ’  -n _ — i i i  - n - ’ ’ I ‘:1 ‘ - n-

— - ‘ 
- - I I ‘ n - i~~

’ - n _  ‘ - - 
~
‘ - . ‘i r - - ‘ ‘‘  ¶ n_. . - - ‘‘n - ‘

~~- ‘ ‘n-mi - I — a ’ ’ ’ ’ - ‘- n-n - ’ ’ - - n - 
, ‘ n - ’  - is-n-I

S n - t n - I ’ ’ :  - n ‘ 1 - ’



AIR AND UF$IgOPI~ QUALIII? ON ThE EJn-JVIROMIvEN’i’

The evaluat,,m n ’ n - judged that improvement n-in air quality would have
~n rtnn-i’ posit ive impacts on human actIvities than any of the other envi—
n’:s--,~.-n,ta. parnn-nr ’ters . Improvements in air quality are expected to make
lmixy ,e c cn -n n - s -r ihn -ntiO n s to the enhancement of residentiaj, activity, health
and sat’- ” n y ,  and aesthetic activities .

‘frn-e d c- inn_ c relationship between air quality , the sensory quality of
the environn’Qnt and aesthetic activities resulted in high is~ act scores
in fri _ ic  en-nil rn-at i-on . L”rprovements in air quality and the sensory quality
of the environment resulted in very large improvements in aesthetic
activities .

Ilat ’ rally enough , it was felt that Ismiprov ements in the aesthetic
environment strongly enhanced residential activity , which in turn would
influence in_ imm Igration to the C-SELM area. Moreover, impro vements in air
quality were j udged to have strong positive effects on health and safety
and ecosystem status . Recreation activities were also expected to be
sign f’icant ly enhanced try imiproverrent s in air quality and the sensory
quality of the environment.

LAND IJSE

‘I ’ m - ’ evaluation of the impact of changes in land use on human activi—
ties c-mn -nf i n-ms the competing nat ure of land use demands in the C—SELZ4 regicE.
If more land is allocated to present or future residential use , residen—
tial activity would he enhanced at the expense of food production. If
more land is diverted to industrial or commercial use , production in these
sectors would Increase, but the amount of available lard for food produc-
tion and residenn-t ial act ivity would decrease. Similarly, a greater share
of the -~‘g~ omn - ’ n- land resources devoted to agriculture would increase foci
~‘s-- ’xi uct~ on while cor’ruiiercial, industrial, and residential activity would
suf fe r -  in ’, i- -n _ rn - n - of available land. Finally , if land is set aside for
n ’e- .’r-e-n-r t-iona l r-urpc-:e, -n- , recreational activity would be enhanced at the
- ‘ x : ‘:‘nn-- ,- - t ’  c- s-s-net-c lal , industrial and agricultural production and resi—
d’?r n_t ia l I n n - n _ i-n - I moe. The B Ma trix evaluation scores thus provide an Indi—

1 n - rn ks-i’ the n”-lat in - n -” opportunity costs of allocating land among corn-
pen_ 1n _ n s - n-s-nt ivit lea . The scores provide a measure of’ the extent to which
som e h u n _- n - u n ac ’ i - ~-It i es  must be foregone in order to achieve the enhance-
ment of pn -nr~’ l en - i -u’- n-rtIv it:,~. The overall social impact of” a rea.lloca—
‘ I - -n o f In -un -I ien_)ends os-i how society values each of the activities that
‘on e land .

The d An - n ’- ’t t i’s-is-’ of fs between competing lan_il use allocations are
ccn -mn -~’l1 c_ in - t n- -~ i by the f’urther direct and indirect effects of increasing
the m n _ h a _ i - - - ’ cf 1_ in -n_ i- I allocated to a particular activity ( and hence decre as ing
t h- n - n - n - n - n -n- -‘n-v- tI1 i t-le to n-nt her u _ in - o n _ n ) .  For e’xaniole , the enhancement of resi-
n- i, - n _ tial n_ n - c t I vity woul n_ 1 1’ ‘ Yin_ I tn - immigration into the region, and an Increased

b -I A n -
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dema_ in--i t o n - ’ - ‘~‘ n r n - t n - n - c t i  n - n , n _ n ,nmi n-n - n - f - I i n -  n - r n - n - b pn - i ’- ’ n - , n - n - n - -  ,n ’n --v i ‘- - . ‘ ‘
~n- ‘ n - _ i- ” ‘ n t  n ’  1 ‘ n - - n ,

more hous :r n _ n _ n _’ d- ,n - ’,n-n-- I n r’ n_ n~n - n n - t n ,n -  cc’s-li lr~ i-s -nn - tn nm ’r n - -n - t I v - - n- . , ‘J cc - n _ n -I ,’:~ ‘rn, , ‘~~~

The increase in industrial and comercial nn’o -L nn -n - t )n tn _ -i, n_~ ’n _ ”n_ *lt~from greater land use allocation to these -n -m ct ivi t’i - ’ - , n m n _ ’ - - n _ , - n - n ” nn - t e - I ‘ H - - ‘ - n - ’, ’ - , -

negative impact s-cores inn the ~ Matrix evaluat ion . In _ i  ‘s-mn -ulti -omn- “ c r ’- , ’-t ’ n_ - m n _ n~’
residential and n_ n-~’n_r i -_ iultural activity , a greater amount of comer ’clal an-I
industrial act iVit w- , -uid be disruptive of recn-eam ion and -n -n -n -- f  I n- ct I n- s-rn-’ I ’;—
ities , the ecosystem status , and the social structure . The n --en_ n ”mn_ iJ l- ’v’- ’l
of health and safety and cultural and educat ional activities n,.~n _ r e  n_ n -I so
judged to suffer. On the other hand , greater industrial n - n - n -I  c- -rr rk lal
activity would result in more construction and higher income and - - ‘n q- ’l oy-
rrent . The greater availability of jobs would attract more n- ’-mn- p le to t 1n ~-
region , but most of the potential im m igration would be choked off  by A’:
adverse nLnrpacts on human activities that accompany greater in mmn - n nn - t n - ’ i -n _ l
and commercial production .

While the allocation of more land to food production un_n -n- ,1udged to
enhance recreational and aesthetic activities and en - on -n -n - te n - n -n of n_mn -t an - -, it
would result in negative impacts on macre human activit Ies than n_n-ny s - I n - - n -
environmental change. Cormui’iunity political and social structures w o u l i
be disrupted . (3) The decline in residential act ivity that rn -n - mn _ m n - it s from
an increased land use allocation to food production would in_ i turn ‘impact
negatively on construction activity . The latter , together with the ‘11—
minished co~rmerciaJ, and industrial production that follows conn_n-tr ’airn -ed
land use for those activities, would result in lower em ployment i n ’  the
C—SEU~1 region . All of these factors would combine to diminish n _ i , -~ demand
for private services , and discourage immigrat ion into the i” - ’n-’n_I L- ; n - .  The
new land use pattern would also creat e public financ- -s- d i f f i c n ’ m ’ i t i e s , 1 n - ;mi~
it would tend to disperse the population nr’ore thinly over the n - - ’- ’I

Increased recreational land use would enhance aesthetic n _ n - c t  i n -s - len -
and the ecosystem status . On the other hand , the indirect effect n -f -s -rn —
hanc ing recreation at the expense of industry and conrmn_rce u-s--old t m ’  a
small decline in construction and a smaller (‘all in income in thn r”tj - n -nn.
Residential activity would be slightly enhanced , as would cultural -‘-in- -mi
educational act ii,’i tv.  Finally , the evaluators expect t A n - f  t b -  i r n - ” r ’ m - v ’ n - ’—
ment in safety associated with the -iecn’ea ,,n-” in production and n -- - ‘4 - r ’nc t ‘i - n - n -
activity would more than -offset ‘n-he accidents asn -n - -”n_ c in -nt , n-- , i ‘ - ‘ l U _ i  fi n - n - 1 ” ’ n - i _ i’- ’, ’
recreation .

(3 )  The evaluators defined impacts that would result i n _ i  n - i _ i n - n -n- n-i ( ’ n - n _ i n n -  poli-
tical. anti community structures as nn , ’s-nit i v’ - ;  th _ in - c ’  that wou,l1 c t - n-—
bilize those structures were rated on iA-  plus ‘Ide . Aeo n _ n -u.’ - of
d i f f icul ty  with th In - n -  assumption , U s- ’ ’ tv ’- ’n - n _ ng ” -  :-~r-n ’en ’ were all n -m al l .
Only t u m  minus s-cores resulted for “ n - r n _ r r u , i t y at n - n _ m s - I  n-I ’s- ( n_in- i n _ ’~ - ’n- ” -n-n-i
h~; corrmercial and industrial l and mm - - - , n_n-n- n - - n - I n rc_ in i - - n _ I ’  mn _ ’ n - I i n _ u _ i - i  un — c ’) ,

ann -n- I _ i r n - ],y one for political n - t i ’ u s - t n - n - u n -~ (n- s I ra--u ’ - ‘- 1 1— :,’ in “ n _ ’ - ’L ’ ’ I
agr icultural I n _ n - n-I n -n -n e allocat i ons) .

n -n-

-

~ 

- ‘- ‘ ‘ - ‘~~~~~~- --“~~~~~~
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s - n _ I n _ n n_ ’- ’n-j ct en - i s  i n _ a - -  -n - n - - m n - n - m t n _ o r  food s r-n - in - _ i t : I ~n _ , ,  a_ in r’ - m ~c - rn - o , i z c - d  H- ,’ , ’ t I n e
- -‘n- d’on _ n -t-” n _ ’s. ,-Ln’ : , i n n  ‘ n _ n _ - ”r ’e -s- -c ~t I n - e n ’ en _ ’ n _ - - s - t ,- n , a~’ ’:” ’ 1 ’i .  ‘ n - f l t , As -- n - - i- - ‘- n - n i

,n- ’n- lA ’ ’,’ -”’’~’:’- ’- ’n _ n - , n_ ’ ’n-~- n - :’ - ‘a_ i n -I -‘on-n-s-h”t ’i -n -n - n ’ s - l i t _ i -’-:: _ in -er~n-~ - ‘xi - - “ - ‘ - 1  ~‘ , in- -- ’-

il - s -we_ i-n -_ i ’, It  Sb - - i i i  be ~- n _ - n - - t  i n n  n _ s - n , i  t’ha ’ . t n - u ’- - n _ L y e ‘n - O n -n -’ m sn - uin - n _ n wer ” -n - i
‘-i t - n , ’ ’ n_ ,t I - ’ - - n _ t -  ‘ I n - ’ r ” n - -- - n _ n -  I - , - : ’ n - f’  - n - n -, 11. ‘TI n - - n - , - i n _ n _ m n _ n ’  - -‘- ‘ m i — n - m t. in soil  “ i n _~n-s-I i ty

n - ’ ’  ‘ ‘ - ~~~~~~‘ - ‘ - - 
.
‘‘ - , ‘ ‘ : , “ 

- - _
~ ~~~~~~~~~ , ,_,t - 4- - , x n - r~ n- ’ , ’ , , ~~~~~~~~~ n - n i  n _ n -, , , .  -i ,~~
,. ,

s - n ’ n - I  s--n- . inn - , ‘ n_ ’L n - ’ n-~ 1 . n- , , ’ ’ , ‘m- , , n _ a 50 s - - u -  h, m of ti- _i ’s- ’, ~
‘on_ c-- - -i Un --n --

i n _ - n - ‘ - ~ ‘ ‘ _ i - n -  - ‘- - n m - -n : ’ - - i n n  s _ i - i l  u _ ins - l i t _ i -’ as - ‘ n _ n - i - n _ m n -n- n _ m u g  I un_nan ‘ ‘ n_ 1,’ 1 c 1 4 1 , ’ 5 .

n - n _ -, i ’ n __ ien -  In - rn -n - _ i  oar s-c p rn - e r m _ i n n - - m -n - s - r _ i that n _ n _ n - n - rn - n t  be n - n - _ i y n - ,’n_j i- n - ’n’n - - -l is the feedback
,mn _ ’ n -it i l l : ing inn _n_ pro - in -n - i soil for food production , residential or

‘-‘ ‘n’ - - n - n -’, I n - n - ,- s - n _ c - n _ n -. Extensive use ma_i- wu,st. ~-ut thy ef fec t s  of i ni tial
i,:n_~- rn -- n -~ - n _ n _ & - n - n -t ’ s

_i-fiNl~RAL Al iT’ FIIF,RGY FJ’0I_ iOl 1RCI-lI’~

f :n -ct ’ean-ed ‘,n -’ ,’ s - i l n i l - i J  It,V of mineral resources and ener~~, either through
:, n~cr ’ n_ - n _ n - n - - ,s I _ i ,  tn _ _ i ’ m ’ si ’, ’r n -l_ i ; of or reduced demand for ’ thes- - - m ’en - ’o-u ’s ,- n-n- , I n _ ,n_ v i - ”we d

n-_i-n I n ’ s -_ in n - c’ a l an-n-~n_ e fn _ n - ’ n - n - n -ral - is-” i n_ s-pr -_rn ’- on industrial n -ruin-ret i — n . and nn_rd -_i ’n -’at ’mn_ ly
n _ - n- ’: n _ n - i - I n -  i n _ n _ n - - r n - ct _in - ‘n _ n _ i c n - n - n _ i c t n ’ -,m n -’ ti on , ac tiv ity . Ti~ms-~~~ c-n ’ en _ n -t - ’ n -  ‘ n- - n - i  labin-, it v of

‘ hn - - , n - n -  r n - n - n - - n - n - n - n -cc -n - n - Ic-es mm - ’ I i ’~ sn - n - it in n-un Horn -n - ‘r_ iha ’_ ic crn -e rn - t of all I n n - n a n  - act iv—
it i - -r n- , I _ in - ‘rev n _ n ’ . li e n _ n - t n -  :n _ rn _ en -~~,’ and n_n_mineral resoui-ce n - n - v -_ i _ i l  n - n - i -li A, n- in- ,i udged
to In - n _ n - ’i —’ I -s - tn -n-n_n--n - n --ti - ‘( ‘( ‘n -n -tn - on ecosy stem status , l i r ’- ’c t li -: t inn ’~n - i r~di produc—

i j i’I ‘n -r~1 lull _ i ’ s - “ Iv t Iu ’ n -~n _ i~~- n I r,s - - ff _ in -tm s in stimu,latjrn-g irn-lun-trial and
-rn -n , , ‘ t n - ’  in - i  i - _ i n _ n- act ivity .

The imn - - n - n _ n’ en - n - _ in - r-e-l availability of mineral and ener~j  resources I n n _ n - n - n - pon _ n - —
in - ly e  inn-direct effects on emplo~m~ nt and inn-come through the effect of

-n - ‘mn - i n -_ i- - mn - -n - - n I I I  ~, l n - i l i  In- ;,- on production . Ti_i- ” greaten -n-i n_ - n - i I n n - i - I  I m y  n - - f  n-s-nenys-
in ~he ‘— n- - i- s-I r ’ - ‘ n - - n _ i -n - : is also viewed as beneficial to co~~~rcial ‘,n-~ct lv i i  v ,
tIs-, ; ‘r’ n- , ’’i : ic -n _ n- of I - r i - I  In- and privat e m n _ e n - v i c e , arid r es i -n - ln -_ imn -t is-i n_ ic - i i n - n - i t .
‘in-’ in _ n_np n -i -_ it -n - - f n-’n_ i ’- ’n _ i t - a’ e m _ i - n _ n _ c-v avails-b l i l t  v on pr ’n -n _ imn - ct i c- n _ i and n ” -  I n - len _ i t  i-a l
n _ n - c t  l—: i ty In -r -n_n ‘- ri ,I 1 - -yen or f-illout -s - f f ’ecin -s on “t A - _ i ’m ’ ‘m m _ i a n _i n _ n - n - i ’ i vi t - ies .
: ‘ _ i , hn _ un _ - n - , m ’ -l m ’ s - - I i ’ r ,~ i n n - i  n_ s - n -f i n - i t y  and fl _ i ’ s -  n- n_n _ i - - r n - n  ‘ i -  av’n - i lab i l i t ~,~ of - ‘na ’ l - m - v nn _ n -’ n _ _ i I
‘ in- n i n c - - m n_ n - - - n - - r - - - _ i- n ’f n _ t i l t  n- ’ ‘ n - t ’ t n _ ’ - n :,’t . ’- r mc - n - - : - ’n_ ”mn _ r ” r n ’ t o ann- n _ _ i _ i ’ s-n- , ar_id hence i n m n - n ’ ’,n - n - n --’: ’
t h e  n _- n -n - -  - ui ln_ ’un i _i_i ‘n _ mit - - n _ n - .  I t  should b-n- ‘- ‘c _ i - n _ _ in n -  i n n _ n - - I , I n-owen-er’, f-I m n_ n - i - ext reme
i rs-r i ’s- - s- I I s - n  i n _ n ’ - i n - - n- - ‘—nn-FI,F-_i area m n _ - i  i n - I  have rn- -c-n_ mt- I ye , n -n -- c’i ‘n-I i nn _ u -n _ n - sI n- .

in - - n -  e va l - r - mn - n - - r ’n ’- ,~- n - i n - n _’- ’- , I t i n - n -  i - , :  ‘ it _ i n- ’ n _ n _ nix - ‘1 ’ ;-n _ ’ c - d n _ rn _’ t i n - ’n r n _ c l  n’s-_i’l l- - n _ H  i n - I
‘ n- m ’t in - l i I ’ :’’ - ‘ 1 - - ’ , ‘-_ in - _ i e -,’:l_ ia t _ l’- - s - n _ _ ief’ i c i ’ _ i J  Is-n ’ the t n -n - c l - I - - s-n_n-’ - n- f l  m n -r n - f  t m n - n -  t ’ m n _ m ’ c n - s - --
I n _ _ i  n _ - - c ’ 1 - - : . A :n-h-” r ’l I I ’ m  n’ - - c - ,s -n _n n _ n _ n - i n nr ’-i , I n _ - ’m-n - -m ” , - ” _ i - , ‘‘ n- ’ ’ i n : ’n ’ - - ’n _ :- ’ n n - i n I’  -

‘n m - _ n- ‘ ‘i n-n_ i ] n - , _ i _ i n - ’- n _ i  I - n - ’- I - ’ ‘ i n - - - ‘n- - m I , ’ - n -  : m ’ ’ ’ n - i I t ~J n - n i l i ’ ’: - - n _ ’ n _ n _ _ i n _  - n I  r ’ - ’ n-n- n- ’n _ n -’’ces li — n _ n _ - in - ’
I ’ - n - i  i n _ n - - n - ’  it ‘ - - n _ n - rn _ I ‘:1 iv  n - u n - I ,‘— nun _ ’— n _ mn _ n  n ’  - n- H - - ‘ i : ”, ‘ ‘ f  I ‘- ‘ I ’ ’ :  r n -n - - ’— - ‘n_-

n-n- ‘i r ’ i Y ’ n- l n n - ’ m ’ - ” n _ , ’ -~~~, ‘ m n _ n _ m i  nn-e ” n _ , ”~~’:- ’ li ’n ;” ” , ’ ’ m n ’ - - ” n - - n _ - mi ’ - , ~_ i ’ t~~, n _ n - _ i _ i l
0 ‘, ‘ , n- u i - I * : , ‘ n _ n - - n - n. i t ,’,’ n - - : -— - I I ‘ n-n - n - I  , ‘‘ ui  “ - n _ n ’ - ’.
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Improve ment_in in access are ~iTmportant determinant s of pooulation shift s ,
recreation and resident ial activities , and coni’r~rcial , industrial , and
food production . In addition, they produce second order effects in the
area of oopulatiorn- density , employment and income , aesthetics , and even
education and cuitural activities . The cormnunity socio—political struc—
tur’e is also affected in the long run . ~ 4)

The evaluators reco~~1zed the impact of access across the whole range
of human activities . Improvement in access was expected to also lead to
greater construction activity and the enhancement of pub lic and privat e
services . Population density was judged to be only weakly affected by
by improved access. No doubt the positive increase in popul ation density
by means of greater access to the suburbs.

On the negative side , improved access was j udged to be a threat to
ecosystem stat us . Regarding the aesthetic quality of the environment, a
net “no effect” resulted . This is due to a balancing of slightly nega-
tive and slightly positive views regarding impacts . Studies show short —
run benefits , but long range negative impacts if firm planning and land
use controls are not exercised at access points. (5)

BIOrIC COMMUNITIES AND UNIQUE OR RARE ThINGS

Preservation of historical sites , aesthetically desirable natural
features (e.g., wooded areas, dunes , streams) and wild life is viewed as
of fering constraints on socio—econ~~ic development. The evaluators judged
these constraints to have only minor negative impacts on commercial, in—
dustr’jal and food production (6) and construction activities . However,
a concentrated effort for the preservation of unique or rare things in
the C—SELX’! area might impose considerable constraints on such activities.
For e~~mple , preservat ion of the national lakeshore might severely limit
the expansion of steel production there . Further , air quality controls
have already cut into possible production levels or profitability of’
existing plants.

( 14) See , for’ example , John R. Maiolo , ed., Highways and Comruirunities
(Pennsylvania State University , Institute for Research on Land and
Water Resources, Summ er 1966).

(5)  See Blairsvilie: A By—Pass Study (Pennsylvania [Itat e Un’iiven _ ’n -n - ity:
Institute for Research on Land and Water Resources , 1962 ; n_ n - un - I
~ inroeviu1e: The focial and Economi c Impact of’ a Highw ay (penr s-n_ y l—
(‘tate University , Institute for Research on Land & Writer An -n -n -ar c- ’ :’ , 1958) .

(6) Preservat i n _ n m  of b in _ n - t i c  conirun-ities was viewed as h nn - —.’ i r -n-y n_ n - ~-os i- ivn- ’
effect n -m r food product Ion .

II ,~i 7
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n _ n , - -  n _ n _ ,- , ’ n _ ’  l , - s - m n _ t n - - : _ i ’:LI ~uat nr1 ’n - nn _ n -r’: ’- - i’;cJ , ‘ - n_ ’~ -:1 :_ic- ‘s--n-n c-- i’ p_ in -n -i—
- mn _ -’~- l i s - - r n _ .- ’m s  ‘n - n ’ m n _ n  ‘‘ing n - _ i n - In - in-n- or I n_ n - _ i”: n - _ in _ n - _ i _ i’ - n - _ i , n - - n ’ - - -: i n n . ,  a ‘i l _ in - _ i  in-
- n- - ‘ ‘ ,‘s- I - - ; ‘ u n_ - - - ,n - n _ - - ;y n - ’ - ’rn _ : c _ is - t n - mn - n. ~‘I p Hn-’~ - - i - s - n _ l i  n- r n _ i n - , , -x i , ’ ’ i n _ ,

n-n - 5’ n - n _ i  n - - nj, r u - n  - ‘ ‘I’ n-c ’n t _ i u ”nmnn -~ _iLn _ t J ’ -n-n_J i n - n _ •  s- u~-- n_ ‘ - ~~~- n-
~~~

_ i j , . ‘ ‘ ‘ ‘ ‘ s -  n - -n- ’ - ‘  -
-

i n ’  , , ‘ ‘ I - ‘ ,n, n_ “in -’ ’n ’ n ,  j_ i’m n _ m  - ,:n- t~ ’- ; Is - I- s-n - ‘_ i _ i”s - ’_ i l-’ c - - n _~ :-r -’ _ i -  ‘ - ,- - n_ - - - s - n _ n -’ Is - ’, - -

n ’ C n _ ’ n _ ’’n-tt ’n- ‘ m , 1 - ,n _ mn_’ ,-n_ , ‘‘ n - n - ’ - s -n - c_is-i ‘- ‘ - n - rn - n _ n- ’ - “ n _ - r n ’ , , n _ - i ’  S ‘ L s - ”  - ‘ s-- s - ’ .
:nn _ ’ , n - -n _ ,  ‘ n - n - I  l’:~ ”- , - ’ - n - -- - -_ i ” nn - ’ m n _ , I  i - n  i - ’- ’ “ r n _ n _ n _ i n : : ,- 4 ’ ‘,r - ,- -’ - ‘ ‘-n- n - ’  ‘~“n--n-’~,,J I n : n- ” or ’

- 4. 1 1 mis- ,,’ n - ,,, s-n- 1 n _ I
tn- I l l s- -,‘n - n - n ’ Hn-,’in- , ‘n . - ’n ,, t I n - c n’ s-_ in_ _ i on in - :‘- _ i ’ - - i  ‘ -r h ” , a -, i i ’ ’ n_ ’ i - - - ’ i ’  n - - I l _ i s -

H - n - n_ n_me - -- r- t imn_ n- i n- r n _ i n _ j r_ is-t i_ in n - _ i’ t i - n -  n - n - - n- _ i t l n - n _ n _  n - H
rs-’n-_i n--w’ces n n-,n_ -n - ,i n_ n _ n - is -n - s -n -n - rn _ n -_ i Ln ’cxj ’j n_r’ t ion ’. I en - - n -Is  - m n _ nn - _ in - t e H - ‘ r -

“n-’hlIH 1~ OF H’n-Jl- AN

‘in_n- n’:ilow in_ ’nc- t rim - ic indicates t-h- - n-vs -H-’- ’ - m ’ -~ ‘ - - n-n - ‘ -n - l i _ in , ’ i n : , ’ n_ ” I L - ’-
hun _ian (‘n_-i s- -s - I -n - .  ‘in-i.: rating on a scale ns-orn — 3 n_ , -.c +3 H n _ in - ’ -: - .-n - _ i I _ i -~ s-- s - n _ n - I —
uator ’s ,~ ,n -n _in -n-~n-~’n _ _ its of the relat ive desir a b i h i t _ i ’  on ’ - - n : rn - s - : ’ i n , ,n-’ i h , n _ n - - s - i ’,’ i ’  I - -n -
indicated. In other words , ~iven t I n e carm en _ nt  n _ n _ t n-t i n -n - c- f’ t - In - - ’ :c -  n_i n-n t i c _ i  t i - -n-
within t I_ ic ,In_ — SELM region , it was felt that :- ‘i~~’ : _i-s- n- .H s - n _  l - ~’ mn - eHm n_ . n_ _ n -  nn-
improvements in the arcs-s of aesthetic act L’ _ i t _ i ’ , ‘ - -- ‘mi ’ n -s- _il , n -a ( ’- -t~,- ,
ecosystem status , recreation , and cus- n - i - n _ n ‘ u - n -  -s - - in - -n - n _ n -’, i , - n _ , , n - I l  n- ” in - i
relative to tine remaining activities .

It should be emphasized that thi s-  n_ unI ’n_in_ ’ c- n - - n _ i ’s- n-n- ‘ i n - i - n - n -  n ’ s
the evaluation team . .it l-n-er rankings In-ave ben-m r u,’- n --- ‘s-n _ i n - n  n_ n ’s---inn_ -n--, n-n- li ‘ s-n _ _ i  iy
different (but very interesting results). (Sr’ n_ ”- ‘liLa1 ’ter - . 1-_ ibie n- ‘ n_nd

Figure E IV-3).

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _
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HIJTn-IAN FACIORS WEIGHTS

Factors Weights

Aesthetic 2.8

Health and Safety 2.7

Ecosystem Status 2.5

Recreation 2.14

Cultura1/F~ducationa1 2.14

Public Service 2.1

~ rployment 2.1

Public Finance 1.9

Income 1.7

Con’ur~rcial Production 1.7

Food Production 1.6

Private Service 1 .3

Residential Activity 1 .3

Comunity Social Stru cture 1.1

Construction Services .8

Cormiunity Political Structure .7

Industrial Production .6

Inrnmt~~’ation -1.5

Population Density —1.9

H A °



n - in - is - lu ,  H

1 I — \ ’ r 1 ~ I’OR ~-dl [GI 1’rs

11I II-I\ ,”i l ) I I - I I I \ _ i310’ -i -’i h’3I I UI IT I ,\Cn -i
r v a l u u t  ion  r v a i ua t ’Thn _ n _ C_ imr n _ ’n _ e r c e  i~ i”ianner ~~“ “~

ilr-1n-c~ 1)1,’U ,_i5mir),’\~l lean - n - n Team I n d u s t i ’y S . H .  O f f i c i n - !
( I i  \ cs-tn-,n _ i 5  2nd ~~un d  l a t  ~~ und Co~~~i t t e e

s-orn -me rc iul  Production 1.7 1.2 1.3 0.5

industrial Production 0.6 0.3 1.7 1.0

Food Production 1.6 1.0 2 .0 0 .5

Construction Services 0.8 0.8 0.5 0.7

Public S ’rvi ,-~ 2 .1 2 .3 1.0 1.5

Pri ,’a te Service 1.3 2.0 0.2 1.0

R i- s in - Icmiti a l - \ n - - t l v t t v  1.3 1.5 0.8 11.7

L: n - n _ n _ m~~~r ,n t jon — 1. 5 —0. 2 —1.0 —1.0

n_ opu l atIo n Dens L tv — 1.9 —1.2 0 .0 11. 7

,n - c a ls - - and S a f e t y  2 .7 2 .8 2.3 2 .0

‘ n _ n _ n - p l o v me n t  2 .1 2 .2 1.5 — 1.0

Income 1.7 1.8 1.5 0.5

Cul tural— E ducat i onal 2 .4 2 .5 — 0.3 0.0

Pub lic Finance 1.9 1.8 1.5 2 .0

Rscr ,,-atjon 2.4 2 .5 0.8 1.8

A t ’stlie tjc 2 .8 2 .5 0 .8 1 . 3

Eco ,sv s t n - n _ n - n _ St~ tu~ 2 .5 2 .8 0.8 0.7

(n_ om mni u n j t- ,- P oliti ,’al S t ru n - n _ . 0.7 0.5 1.2 1.0

(‘ oI ’ n _ n _ n - ltIl i t ’ .’ n _ n - o L i n _ il S truc tn -ur e 1 . I I . 3 — 0 .8 0. 5
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i m n - I n - j a r n t  t-c I - ] m n _ m .

I T - H ,  -l’,IJCIn_n. OF STABLE DISAGBEFi’n-UO-ITH AMOIIG THIn_I 3T,JEXlii n I~

A ,n n _ n - lv .’ i . ’ on ’ n _ a _ i - in _ s - c -cc- mm-f the A a n n _ - n  B ma t s -ic on_ n lead: n - m n n- _ i ’ , - oon ,c ] u n _ : i n - n ,
LI _ i _ i t i’o cell _ in -ven - ’n_ mi_ in- n-’ n - n - ar _i’ fs-i’ ms--n- -c r’- m - l i - _ i b l - m -  than could bc “xn_ r’n -no ted if I-i
n - I  n- n- _i’s-ed - I ’in _ ’ _ in -~ n - - oe -mn _ mn - s - rn - t among j ’,n_ilg’n’_i won’- purely s-_in -r n-n- Ion _ in -. For ‘m ’xar’nmn-le , in
¶ ‘ -n” in n-ic-n -en n - - mtc -n t ] y _ i ’ n - ln i n ” n n _ n _’n _ - ’ - I an -reran:- B matrices ( n - n - n - m i~~n _ n _ n - -n ’  1972 arid s-lot n-’r I c-H

I I  H: ’-”n - - ’n n - -n - c_ i i i  - 5 n-’n- _ i- n -n- t l n - n -” mn _ c - t r in - r n - m ’_ i~ constitut-’n- cnn ] ; , ’ n-f of’ all, t i , :- i n _ H’ n T - n _ i I n _ n
n- ’ - ’n- ’n--~~~

n_
~cr,tm1i_ in - . Th In -n ’ means that t h e _ i n -  an-- n-n - 7 H rc ’iiai,l-n’. Tn , - -  n _ n - -con’~~ -n - amos-c-—

, i n , n - n n-’n - ’  var iarrce pn_ ”-_ i ’Ui-n -t ecl by t t n - m n - m i  result is O.~l’l O (a ps -od in -tn - -c c- in- an’: _ is -n -t
-m l- - “ i n _ n - n - t i c - n  of m ’ .65fl . The observed average -variance arncr ’,g ]‘,mi d_ ic_ i H a’ any
n - i -,” - n _ .  cell is r n - n - _ in _ c l:  n-_ ir’o ater ’, 1. Id~, (actual standard n-l n - , ;i ‘it _i -s-rn of 1 . li ) .

‘IT : n - s , t n _ } -n - n - j I ’Hcn -s-n-’s- -, - ’ n_ e - m - n - m ’ ,’_in- ’ n _ i - ‘ - . ‘n-fl _imn - ,i 1 . 2~n_ rmnu: n --t In -_ in _ n -vms - he ”— nn - s-au_ ic ’- : L’S: n - t n -n - i

s-_i ~n-- n - n _ ’n _ ‘- m n -  ‘nn- ,’-r ’n - f n_~I_in-O n_ n_ _ i j ‘jr~gns-c

- ‘ imni ] n_mn-r conclusions can be c_ iran -Tn - about the A matrix , al_i bough I_ is-era i_ i
i _ i _ i _ i  nh_ion”. n _ I il_ ia~~eemern-tm ann _ cn n_ i the judges tln-ann- in the ~~~atrix (actua l
- -. n _ - n _ : n n -_ i— y - ,r _ ilo ,-arianco — ~~~~~~ The presence of mn - tah ] n -  t i n - n _ ,~~~m-ern o_ i:_ i nt ?ac-nn-
t 1 , -s-t diHf’ -, , ’m ’n-n ’Jm . ‘n- ’in - - _ i ’,’mn- oJ n _ n - t n - ’ are bei rn_g n - q n-

, ,s - n - - -
~~~ : ‘ _ i ( ‘Hr-re_it par n - c ]mn nJ.min_ iht
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n- ‘,il- ’n ’nn _ ’ - - -x ir ’_ i ’ess ed i_ny the panelists we I_ iave used.
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Jf ’  t i n- - ” h m I i _ i ’ i - ’kra ’l ‘s A nm-in__it n ix is multi p lied by in-I: Fn -—mnn -_ i_ i t n -” Ix, this-
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t n _ ’ n - - mn - t n - n _ n _ ” I n - n _ n - V. Hand reclamation is preferred over agricultur’al sludge
n _ in - i  sposal . Potable reuse is preferred over supplying pctatns-- needs n-or”:
Lake Michigan, and power is much preferred over no rower. Th’nn- n-s-oct
desirable system is land treatment with land reclamati_ irn-, potable n-n-n _ n -’ , n __ i , n-’

and power .

Watson: All systems except the physical—chemical types pi-oduce
positive benefits relative to the reference. ~~‘eatment types are
ordered consistently III , TV , V , I and II , from most to least desirable ,
respectively . Land reclamation is preferred over agricultural sludge
disposal and power is preferred over no power. There is indifference
between the two options for potable needs. The most desirable system Is
land treatment with land reclamation and power. The least desirable
system is physical—chemical treatment which has a net negative impact .

Kin_n-las: With no power and land reclamation , treatment Type III is
preferred over type V , which is In turn preferred over Type TV. Other
options being equal, Type TV is consistently the least desirable treat-
ment process. With agricultural sludge disposal and use of Lake Michigan
water for all potable needs , the order is II, I, V , III and IV, respect—
in-rely , from best to worst . With potable reuse of effluent , the same
order persists , except that the reference type is not comparable . With
~

- - -s-wer’ synergism, Type V Is consistently pre ferred over Type TV. Regard—
i - n _ i  t ,he ots-’r- options , land reclamation is much pre ferred c-n_ n-r ’
n_cgri-n-ultural, sludge disposal , potable reuse is preferred over Lake
_ i n - I i c In i _ in~j n , and power is preferred over no power , except In combination
n--:i th inc-H tr” -atn_ n -_ ient (TV ) where there is indifference between power
-n -_ i_ i”n - u r ’n n _ S .  Thn -’ n _ r n _ c r _ it preferred system is treatment Type V f n ’n- combinat ion
with Is - sn -I reclar’ntion, potable reuse and power synergi sm. The least
n_ ’ I n - ’ n -n - ” i rs -in -i a system ‘Is land treatment with agricul tural : 1_ i d_ in - - disposal and
1n_ ot a t -I n -  i n - ’ n- n - n - d n - ’- from Lake Michigan.

Kehrer: With no power and agricultural n_ n - I _ in - lire - ,l ] : ’_ in - n- ” n - ’sn - l  n - i - ’  n -r~~ ”r’ oH
~n_’e :’an_ ’en__ ice for treatmein-t type is III , V , IV , and TI f’rom s--n-n- t n -  w:’- n ’n ” t
r”n -pn _ i f lve ly .  Where it Is comparable , the ref’n-”rr-n_ n- n-’ ,’ - ts -n-sn-I n_~n_’ n - n _ n - t Is n” -n -’o n _ _ in _ I I n - ’
Th n ---’- iii. With land reclamation , Type III i n -  t i : ” ’ - least -,in n- ’i n_’_ i~ - l , - • I\’pn- ’
Tin-T t ’ r n - i n , n- n t ’ - n - n _  n --n_ b arn - p_it able needs are supplin--”-) f’~ n-n- I s-n~- n ’ I-U i-l i _ i n n - , ,  wi , i 1 - -
mn-c-n-” v 1:’ hr -_ it  s - i n _ r i  reuse. In the presence -s- f’ ;~~n-wn -’-s- ‘I n -n-n-n-’ -  V in - i’n”~’-i ’ n - - ri” i
over Thn-r’ Th,T . All  n - n - _ mi n t  en -n -inn- have net posit ive ‘i n_ in-nt - - f  S ex” n - -~’t n_ n _ i l  ~~~~ IT ,
‘-nh _i - n - . - n-n- -n n- n- ”_ iat ’i ’n-” ’ , rrN ,_i~~n- 

~~~ will : land r-- ’-r l ’ t”n-n-”n _t  I on_n- , 1- n-’n-’ n -_in _ l ,’- n - n - ” ’ ’ I n - n -  H”- ’n-n’n-
I- _ i _i - ‘ i _ in _ n _ n  s-rn--,] I _ i nn - p ’s-- n - i ’ , ‘T~rp-i ’ - TV w’i io n- p s i ‘it le nn -- ’- m n-’- H_ i’ -- I a_i’e I-I n - I nml , Ic— ’ n-n_ ,

asn-- I r n _ n- ~‘on-’n-’- ’ i ’ , ann,] ‘T~s-s-
---’ V w’ith pcn-tabln -nn- r n - i - - n- - I n - n - ft’cn-mn_n T n _ i - ’  I-Ii - n - I n - i _ i ’ar_i . Ir s- n-s-mn - I_ i ’

n_ n_ns-n-_in-~Ier’un-
- --1t n - - i~_ir’i cultural disposal is pre f’- -r’r- - n-i ovn- n - n _ - i nn-n - n - - I  _i ’r ’ n- ’ m n _ t,n_ ”r ’tt  I n _ .  ‘n-n “ ‘ f

~, i t l n- t n _ n -  - ‘n_ fn -m n - - n _ n - I Type ‘n-’, when i n _ i n _ n - n - I  rec l ,_im_ i’nl io’ r . n-t n-’- I t ” ‘f- - n - n _ - c - I .  R n - - n _ n - _ in-- v - I ’
- - Hf’] n _ n -- n - n - n t  f”or potable rn -n -’- ” - In - n - in ’ much r _ i n -  - f ’- ‘IT- n -’  I n -n - -n - c-i ’ - - x n -’n- n _ n -’ I ‘n’ n- n _ _ i ’  - - I’ I ;ir -
‘- ‘ I  ‘n- n - I ,  I inn_ i_ in i ’s- ’ - -n . I ’ll t i n -  in _ i n - --] tn - ’ ‘at n_n -_in- - r n - I  ( I ” .’ ’) pc’n-Wnl- ‘ ~ n ’ - ’ ’’ - n _ n - _ i’- ‘- I , ‘n-’,’n - , 1n-” ’,’n- n - l  tI,

V , n_ n - - power I n’ n - - - I’- - n i-”-’ - I . Tb”' r i_ i .~ - ] n - ’ : ’ n- 1 “n_i’ i n -  n- ’y - - ‘n_’  i n - ” I ‘,‘ ; n - ’ n- s- n- r-~ -m - -

(IV ) n-: _ i n n - n- n -_ i”_i - I “i , n_ ’l I n - ni ’ s - l i, r n -I  - n - I _ i _ i’ 11 nn ’p- n -”n n _ n-n-i , pn-’_i n_n-] in - - _ i ” - n - n _ -,n - n _ un- I r~ n -n - -n- -n - . ‘
~ , - • ‘-n-’ _ i ’ , ’ ’

I n - n  i n n -’, ’ i - ’al~~c } n _ r-p_ i1 n -’nnl I r-~- - n _ t r n _ i n - ’ n _’n - n  s - f n -  1 . ‘n _ e s - ’ ]  -n _ n _ I n - n _ n _ r n - i l l  n- ’ l n - n -  I _ i - n- n _ ] ’ n _ - c -on _ ij  ‘ n - n _ - I
pnii ‘ n _ i  I - ’ - n n - ’ ’’’ ’ nn’ ‘‘ n - - j n- I~ai-ce I-H n - H i _ i n - m n - . 
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‘1 _n-n_n ‘_ i l n - , n -  i n - n - n - , n-~ c-n- ’
1 1 , _ i  al -s-n_ n - n -  H n - n’ n - n _’n-’ n _ _ i ’- n - - i  m n _ , r h n -’- n - - - n _ ” n_ ’ ’ ’ n , ’ ’ ’ n-n,’ , n - .  I .
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on_ rn -n -- n at _i n - n - _ i - _ i i t _ i v  - In - n _ n - i - n - t n -  n-n-n- , Also pcnn--s- n-~ive s -n - -n -’ ,’ ‘I ” ,’n-’n_ n - ’ III ‘Tn-H n _ n - n -  “ n - I t _ i ,
1 i_i _i ‘ ,n_ On i n_ r “1 1 land n- ,n_, n-J”n_n - n -n - L n _ i  n-c - r -iw
WI I I ,  I ’s-s-n-- n - ’ , _i’I’,- ’_ i t n - n - n _ n, V is n _ n _ c --n -n - - Is - n _- n --c-I over IV. For sin -n_ H_ i- - n - I ’n- - n - n - - ’ n - n i  , i n _ n- n _ n - i
i - en - l ain_ cit in - n _ i In - 1’-n’ -~~” m-n _ s- ’e- I over agriculture . I-Ic- In-on--n- n _ n - ’ ml n - n l n - n - t n - t , n -  -n - ‘ I n - n - n -
power , and reuse is pn - ’n-,s-’c’n-’_i’eH to nn -upj n - i~m i i n _ n g  all, r ot s-bI n -n- n_ n - cr- n -J_i f_ i - on _ n_ n - Lain- ’
I - In - tn - l i_ is-n . TIn--’- bc_st cnyr n-tm ern_i is TIn- r n_ n - C V w:i tH , land n - ’c - cl an _ n n n - n _ n -m n -t i on, n-’eunne and i-

_
n - n - ’

now, - n - .  TIn-n-- s-cnn -_ i ’, n - n _ vs _ i ’  n - n _ r n _ _ i is 7_in-ne IV with an-s-s-H cn - ul t- n _ n - _ i- nnn_ ’1 nn- l ud_i- ’ I i  sposai ,
potab le needs from L~n-,kn--n- Michigan and power n--nynr-_i’n’H n - n - n _ n - .

INDEPEND~~ T Dr’UL’lWioI--P,’i OF VIE~n--n-POINT

Principal n - m or n _ i_i” c n - n - -,n n t _ i  analysis of the thirteen sets of sy nmn t emn _ n_ n -n_ m -cn - r’c :n
in Table EB—l indicates that sevn-’-n independent dIr -_ i-n_n -n -n- ion_ n-n- of vi cn-- ’poml n_ n -t-

are being expressed by the thirteen judges . The fIrst two pI ’lI’n ” ip ai
component s explain 67.5% of the total inter—judge variation , but expla in _ n -
less than that amount of tb -n Infonnatlon in the scores of the following
j udges : Pipes (6 1%) , Hermann (53%) , Knlnlas ( 14 n - 1 1% ) , Kehrer ( 113%) , in- i— i J n-~g~ _in-n--
( 57% ) , and Krekeler ( 50 %) .  The other j udges are relatively better n- ”xp m n - _ i t m n _ n - c ’i
by these two dimensions : Reshkin ( 9 8% ) , Maiolo (72%), Cypra (75%),
Gemmell (72%) ,  Schofer ( 8 6 % ) ,  Peterson ( 7 6 % ),  and Watson (91%). In order’
to lose no more than 3% for any one judge , seven dimensions are n -”:sqn- n - i -n- ’c’-,i ,
and other criteria suggest that seven is the sin_n-_ ip icst adequate - -n_ q -- l i ; ’n_i ’in ’it i o n _ n .
These seven factors explain 98 .8% of the total inter—judge variation in-n-
system scores.

Table EB—3 gives the average system scores (in standard deviation -_is
from the reference system) for the fin -n -nt two principal coirponents. Table
EB— LI shows how each judge correlates n--,’ith each of these d Ln -_ ic-n’s-’- ic - m n _ :’ n - n - I ’
jud~ rient . Table EB—5 gives the average system scores (again in standard
deviations from the reference) for seven independent din_iensnions of’
jud~~~nt (varIr_i_ia,x rotation of first seven principal n’or_i~n - n _ on - n _ n -’- i i t ,n - ’) .  Table
EB—6 shows how each judge is correlated wit h these seven indepe ndent view-
points.

The imifoni_iation in Table EB— 6 is quite complex. It can he simp lifi ”-n_ i
by associatni r’n nn-’ e-an- ”~ factor wiLt the ,‘iudges who have hal f or more of’ LI -i n ’
‘nil ’ i ’ r i ’ n n _ r n  - ,n- -xn_ ’n-

’
ls-, i n _ n - -,’-l i _ in- II , .  Ti n - un - n - , F- or- l~ is the i’l ’ I — t s - n - y _ i n _-n - - , Gemmell ,

Watson p n - -ir - n - t . of s-i -n--n- . Factor 2 is n - I c - _ i n - n - n _ _ i t  to Kr_ n_ kiln -n ’. Rn _ n - - H n - n’ 3 i n_n -

pn-’imari ’I -; i _ i n _ m m _n- n-’ H i : ~k n - 1 n _ i n t , a_ in -n -I n_ ’ypn-nn- . Factor 11 inn - l’ ”n n__ i ,’ n - n - n - n _ n_ and _in_,’ n - t I—
Mn i- ,-l o. P _ i n - n - t n - n - - n - ’  n- exp I n _ H  - n- Peterson n_in- m n _ , I ScI_n_ofer . Y-’n - n - n - n _ t n _ n - n -’ 6 i n n -  n - n - in _ _ i t  c l _ i n _ n - n -  - I _ i

‘ ,, -~ ‘ in _ n -t~~i w ith  I - n -n-- tn - n _ -cr’, n _ r i  Fan-,n-tor 7 i n - - n i o r n u i n - a mi, -e- I by T i n _ n - - n- ’ .

TI fF IJu IF_iIAHEI’) PANEL E.TITIUVIATE

Prom Table TIP— n- ,’ i t , in - n -  - ,n i n-n- ’an-’ t I_nat the _ i nn -, ’vn-n- ,i l n i m n _ - I ’n - n - ’- n _ n - - i - ” n - l .  \‘i ’’n --n-’_i - n - n - I I n - t  , ‘ n - u ’- -
rio t r - ,n - ’ r - r ’- ’n ’ - _ i : t - ’ , I ‘ ‘ - ‘i n - n - s - I  lv in t In e ’ ~‘_ iu i” l .  tincy n_ -n _ m n - n-n-- - Hi- n_ mn - n -n 20. IT (tn- - n - - I  n - n -  0)  c- -I ’

s-i n - ’  t n _ n- i n_n -i ‘,“ n-n_ ’ a t , i - n _ n- n _ - n - : n _ - l n - n n - m : - - -  I n - iovm i s -  a ‘ 1n_ n -w of 7.’n-’T(Fai’t-n_ n -i ’ n - ) .  TIn - - n n -
f’nn-mi tor 5 is rr’l’- r ” - ’, n - - n -n - t ‘ n - I  2 .7 14 l imes an_ i ,,n- tn _ ’ n i n - _ i i y rn-n- 1 - _ in ‘ Ic _ i ’ - , U’ ‘I t  i n - ’

I n - 1 3

- -
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TABLE 1-01-3

— _i’-k T_ il C I F .-LL I — fI0~ n - _ i l L _ i l _ i ’  s-F n-n-TI7,-n -Tn - -TNT
n - n - _ i .  57- ci’ tn -t aT  mn_, t or ’ — 7 u n - i _ i ’n- ,.- - n - n - n - n - i - n- n-. i-n - c r ,)

I i - ,I IHIPAL n-OFI-II n-00’,,-IHn-Y
: 1 - I - I n - O F  

____ 
Dir-I ’,, IIII0T-I (P~ ) I - _ i : - _ i - I _ i, :_ i  I I ” P  I____

1 0.’, n _ - fl (’I -

-

.000
2 — 0 . 6 03 —0 .5148
3 —0.20 3 —0.526
14 0.7 149 0.657
5 1.135 n - n - 705
6 1.098 0.018
7 1.336 2 . 1412

1.151 — 0.750
9 1.553 — 0. 728

2.3511 —1.021
:1 2.758 —0.997
12 2.068 0.750

1.6(7 ‘ n- 728
1, 4 3.073 0.1481
15 2.81 1,
in -I 1.26 14 0.213
17 1.6U7 -0 .2 14 1
13 1.9111 n- n- n - 5 6
19 2 .3 143 1.180
2 0 1.758 1.682
s-I, 2.160 1 7 ’l ’ n-
22 2 . 1435 1.u2 7
23 o.8~

( 1.650

‘ - -n - n n u n - - ’ _i , n - ,  st_i’s - n-c I - n- - n- Tn- n- _i , - n _ n - ’- Hn - ’n _ n - n _ n - n _ n - H i - n - n -n - _ i n n - eu .  



TABLE EB-)-l

CORRELATION OF INDIVIDUAL JUDGES WITh ‘IWO PRINCIPAL
DEVENS IONS OF JLTWMENT

JUDGE PRIMARY SECONDARY I )F JT,IDGE
DIMENSION DBVENSION EXPLAINED

G~ iinefl( 1O) 1.8 14 141 .093 7,?
Herir~,nn ( i1) — .501 .526 53
Schofer (l2) 1.92 5 1 — .059 86
Pipes (13) — .~459 .632 61
Peterson(111) L.86 ~j  _ .1214 76
Watscn(i6) ~ .88l4 j .360  91

KinIas(31) — .014 6 .663 1411
Kehrer (32) .6514 _ , 0014 143
E1—Naggar(33) 1.7211 .219 57
Reshkj, n(3 14) — .2l~4 Lo66 1 98
Krekeler(35) .571 — .1115 50
Maiolo(36) 1.8301 .175 72
Cypra (38) .102 1.859 1

Average* . 1468 .865 95

Percent of’ total
Inter—Judge variatIon
explained : 1 4 n - 1 . 9 T  o 1 1 . 6 %  67 . 5%

“Average” in -n - the vector scores calculated from the n - - ow sums of the average
C-matrix . The equatIon relating “Average” to the scores ic_i Table 1111—0 i n - n -

Average = 3.78 + 31.15 F + 117.58 F

wIth R 2 
= 0.9146.
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TAn-BLE EB-6

‘ F n - ’)-n -
~
2 ’n -’n - n - Y’ ) ‘) I)F 1L1-T”~’iIJ” J?~L JUIX~ES 1n-T2H TEL

, n -~~n-’ . n- :~-1LL-,Pl-2 i1IflT FCIOT2 OF VIi-W

~ JUDGE
_____ 

2 3 14 6 7 En-~~LAINED

[~~~~~
n- .0143 .0145 —n-,J.~7_ .376 .007 — .268 97.7 

, ‘n-in- , n - , ( i I ”  — . i — ~ — .2111 .:n-61 L827~ — .02~ — .120 .376 97.2
‘-cho :’- n - ’~ I ) .75 .088 — .110 — .177 1~ 5~1 .7211 — .139 99.6

‘~~~- ‘ :( 13) — .05 2 _ ,1 214 . 255 .285 — . 233 — . 055 LS,,~91 97 . 6
1 - ,- t - n -r : -’) O ( ’1 1 4 )  .714 7 .197 — .086 — .070 [~i~BDI .2114 — .225 98.3

“ n- ’ : n - (lE ) [~~~~~
n- .138 .,~17 — .1149 .619 .078 .1314 99 .3

31) -.009 .197 1.95] .122 -.1143 .056 -.076 99.1

~
n-
~~rex- (’22) . n - -~~

n- .228 .085 — .166 .3 14 6 1 .877 1 — .051 99.9
E1-’In -~ g’,n- r(33~~”jT~ . 042 . 007 — .109 .1149 .131 .072 9 2 . 0

, - n - n - - ’~~, r~~~) n i C  -.325 I.823~ .130 -.096 -.01414 .1426 99.3

~1r” n - -k e i ’n - :’ ( 35 ) .133 •
‘
~8~4 — .155 — .196 .258 .253 — .116 99.14

1 n - ( n - ’ )  . ‘ n-, n-17 — .031 .I~,Q,9, I— .70~ .525 .173 _ .014 7 97.1
- ‘:-7 n-’a( $~~ 

. 158 -.515 ~~~57j 0.28 14 .138 .0141 .235 99 .8

. n - 4 n -I,- - ‘ -.169 .6611 .075 .1483 .108 .3140 99,7
14 - 

0
‘ n-

n-
n - n - n - n -  Ln-t n--rn- Ex—

19.7 1 . 6  1 8 . 7  11.7 20 .1  7.7 10 .2 98.7

n- ’~~”n - - n - r ’ : , ~~—
2 . 9  1414 ,1 0.6 23 . 1.2 11.6 9.7

A box around n -n - ’ n - ) n - ’r n- ,’In - It - t ,t i means that the judge has at leun-:t half of
hln-n- ~~‘n - ’ — ’ , ,’:~~,~ .’ ’,”u’ ,~~~ ~~~ - n - n- ‘~ y~ I~~ n - n -~~ by tha t f-ocr-or.
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FIGURE EB n - 2

COMPARIS ON BETWEEN “UNBIASED ” AND “BIASED”

SY STE M SCORES
Systems c o n n e c t e d  by a d a s h e d  I m e  d i t I e r  o n l y  w i t h  r e s p e c t  to the p o t a b l e
n e e d s  o p t i o n  I n a l l  cases “ reuse ” is p i e t e r  e d  o v e r  “ L  N , “ and  u n b r a s —
i ng the s c o r e s  e n h a n c e s  reuse.

(T he “ b i a s e d ”  s y s t e m  s c ores used in the c o m p a r i s o n  w e r e  c o m p u t e d  t r a m  the
a v e r a g e  of i n d i v i d u a l  C - M a t r i c e s , r a t h e r  t han f r o m  t he C M a t r i x  t h a t  is the
p r o d u c t  of the a v e r a g e  A and B M a t r i c e s .  T h i s  is n e c e s s a r y ,  b e c a u s e  the
“ unbiased ” scores w e r e  d e r i v e d  f r o m  i n d i v i d u a l  C M a t r i c e s .  T he C M a t r i c e s

and r e s u l t i n g  s cores compu ted by the t wo di f t e r e n t  app r o a c h e s  d i f f e r  s l i g h t l y , ) 

~~~‘~~~‘~~~‘ --~~~~~~
,‘ ‘ -- — ‘ -~~~~-- - - ‘*‘-‘



n- ’n -rl n- i n-n -n - , t- in -n - . n -n -n -en-n -efi t of Figure Plc— I is to bn-’eak t in -c average n - -n - cr - n - se ‘In -n - t n -
T, n - ’~O iL”n - en - n - sIn -n- n - ’n - n - n - , each of ‘,n-,-hlsh can be associated _i’dti’n- cn-Iffer-er’,n-, c-et c of
i n-an-n--n- n-n-’: w i t I n -  n -” sn - t-’n-e n-- i,lf,fen-’ett points of view. 1,I” there is ax_i:,’ n--earn-rn-, to
place n-:on-- -e n-n-’cn-i~ l’- I1 ’I ty  on ore set than the other , the scores oar - n- tn- c c o d if I e s
ti_iron-n-c:, a rot n -n - t i orn - of the scoring function .

The not ic e of breaking the jud~ ’nents in-n-to the severn- in-n- :er er n -n - - ’~n-e c. -corn —
p-n -n - c_ in -n - etc Is even more appealing, because ‘it preserves aspects -,n-f E n - i i n - h - I -n -n -n - 1

of n -n - Ic _ i-,’ that are masked in- -n- the averaging procer’ n-n-’ . This In-n -f :rn-~n- tt I ‘ n - n -

1: r-E n -n -c-v ern -n - -,i n - -n- ’t ecip ali :, ’  in Factors 2 and 14 of Thbles ~~ —5 ai~ 0. U r n - S o n - ’—
t’n-r :n-t--l i ’ ’/,’e cannot ir”tw a seven~~imensional guaph as easily as one wit:’. ,rn - :,’

t n - i c - -n-u ’ t hi”n-n - e n- n -L cn ensIor’is . We can , however, draw a map of the rn-ierar ’n-n- :,I n-:s of
:L ’ n - i ] r n - ” I t y  and lifference -n-n-morig systems in the “urn-biased” seven d ir - n - e n - n - n - n - I an - n - n - n -
n - f  , n - - ,n - in - -~n -n -ent - - ,n -xr r - en - crn - ed  E n -  Table EB—5 . This map is shown in Fi~n-sr’e EB— 14. The
rn-up I n - s  I n - ,  the i

n-
n-n - n - r n - n - c- f’ a dendra~~’-am or taxonom,ic tree . The systems whose

n-ccor’ec ‘sire closest together in the seven dimensional space are 1E-a€n-i n - n - P the
P-sc -n-f t O - - t n - an -n -,s , wIth the -descending trunks showing increasing n-ilst annn-n- €s n-n-n-
an-n-ong n -he c~’n:- n-n -~ c. The vertIcal asds at the left is the percent of the total
tn- ’,terc-z:t -”'rn- ‘-,‘ax”!a ’sIn -n -r ’, that I: contained within the ~~‘oups that have been
n-n- n-n-rn-n-ed abc-v-, t in -at level. Thus at the 7—~~’oup level , only 31.2% of the
i i f f c n - - - n - nc n -n - n - n - in scores in -n - wlth ,IO -n- groups while more t han twice as much (68.8~)is st ill in - e t’,- n-’ -n- - t : n - n- gr a ’n- ,n-~ n-n - - . Loosely defined , there are at th in -n -  level seven
n-~atIn - ’n - i I f f ’en- ’n - - r n - n - u :rp- ’n-s n - f  “system. ” These types and their average grOu~
score n-n-,re as fn -’n ii ,sws n-

TABLE PB-b

n-n-n- L-”i’E~ 1-1ATIVE - n-rn -bIased
A’,’T-TI ,,A-Ii’: IFn-I2JP n-”'APn-’

1 i 5 ~~,7 7
~Te’ III 0 .79

2 10 ,11,111,15 ~~n- ’l ’e ’  IV n--n -it O power 11.85
3 l8 ,19, 22 ,,13 Tn-,g-u V n--:lth power 2. TIn-

14 17 ,13,20 , 1 ‘t’yr ’e IV & ‘n-n- : land , no j n -- n-wer ’ 1. 1’8
5 1 Re : ’ ’r ’n - -”nn- :e 00
a ~ , ‘ n - , l ’ , l’, n-’ Th i n - -  11’ In- V : n - i c - . ,  CO I n - n - n - ’  —

7 ‘ .3 i~~n-
n-~~~~ 

~ — 1 .50

T in -n - ’ “n - - n - n - _in -  in - , ,’: ‘ n - n - n - I r - ’n - n - n - o  c- r ores run-’ n - i in - r n- ’n- f ’ PI n - e di n -n -n - i n - i  n - n -  in - : n -an -i’ ’ t - ’ i _ i n - 5 . t
‘0 n- n- - ;-’ i n - f’in - t - -” .’’n n - n- n - n - i ’ - _i n - _ i n - u i I n - .  For rx-’c’n- i n - ’ , I I ” W i ’  i’i’ii ,i , t n -  n - - n - n ’s - i n - ,  On - n -_ i - ’ m n - - t , n-

a n - n - n - -, n - -:-i a ’ I t c n - - i  I _ - n - n - I  of v i- ” -,’ or if , n - n - -n-e,,m n - n - P ’n- i I t n -  J ’, I ’ f n - ’ n - ’ n- ’ n - n - ,
- ’ ’ , - ‘ u -c t i n -  n - gIn - n -

t n -n- , , IO: t ‘ ‘jn - n - - ,n - m n - ”  -
- 

in- n - f l, ‘ s n - n - ’- ‘- n-n- - en - n - n- i ’.n - ’ , ’ n - , , ’ ’, n - :  — n- -n-e n- H - wn - ’ ’ n-” ,’ n -n -  n - n - ’ n - - c - i m n - , ’- lv n-ui:
t hin-’ c-y :’ ’ ’rn - n - n - - n - n - n -n - n - n -  n , ’ ’ n - n - n - ’  n - -n - Tn - - h ’s ’  n-”n-n-’ n- n - ; I n - , ”, ’ n -- n - n - ’ p n - n - I ’I .

T i n - i n - n -’ - n - n - ’ n- ’ c-çn- n - O ’n-~’ n - n - n -  ‘ ‘- - - n - n - ’ - - -, I n - . ’ ‘ , - f ’  t ie  n- . - . ‘ n- - n - t O - n - -n - n - n - i - n - , ‘‘n - . ‘ ‘n- -
n- n - i n - n - _ n -  c - n - n - n i ,  0 n- _ n -, n - n -  n- ’’ _i m i f ” i~~~~

n - n - n - ’- ‘TI n- - n - ’’ n - i ’ ’ I ,  n - l I e

1 01,’’ ‘ n - - n - - -  - ‘ ‘n -n - i n - ’ i - i n - ’ -  - -
, sn - I - h - n-- .”- - n- ‘ n - n - n - - n - , - : ’ ’ 1 n - a ,  n - n -  ‘iii e~ ‘ -n - n -

an - - tn - l ie  - i - - n - - n- Ic ‘i n- H ‘‘ n - I n- n-,’ , n - n -’ ‘I n - ’ ’ ’, - - n - ,  I — y i n - c f  , ‘ I ’ ’  1 2  ‘ n - n - ’ i n - n -  i n - n - - I n -h - n - n - n -
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system that varies only 0y the way notable needs are satisfied . i.l’ thi s
option is n-’-ern -n -cn -,-ed we can reduce the set to twelve while b c-En -c - only about
15% of all differences aciorn-g, systems in-_i the seven dimensions - n - i ’ “sir ’in-n-n -n-n - n -~~.
We also observe that for syct em Types IV and V, the power option an- n - n - i sn-sign ’
disposal option are more rccp-cn-ns ible for system diffarences than treatment
type . For example , T~,rpe Ti’ _i-,r 4n - th agricultural sludge’ disposal - n-rid no power
is more 112-n e ‘Byo e V under t i n - n -n-c sn-an-ne option than It Ic- like Type IV n - n - ’~ t in -
land reclamation or pawn--n-’ . Type TV’ systems with power are more simn- n-ilar In
impact to Type III systems tin -n -n - rn - to any other , including Type IV without
power . Also , all Type V systems and Type IV systems without power are more
similar in impact to the reference system than to Type III or Type IV w i tn - n - .
power . Finally , Type II system impacts are apparently unique and not
closely related to those of any of the other systems, inn-ludirv the
reference.

1 l IA-iP~J n - -~-:i’: ;Jn-n-n-e’Iq , n-”JTJ~p5 ABOUT SPECIFIC SY/ TI0’sT

The ‘:xter ’it to n--,’l , I  - 1 ,  tOn j n-uge: are disparate for any ,n-j ven n -n -n :,- st er -. can
be n - n - _ i - -c e- un- ed tn -y  n - n -n --ar’ : of the stn-cven-.n-limensional scores in Thb le EB—5 . Each
sy n -n -t tn-~n - n - I n - n - - I esc i ’ I ’Ln- ’cn- l t I n -e n - - n - n - in terms of an impact score for each c-f the :n-’-’s’c’rn-

d t-n-_ien - n - n -’n - i c -p n -n - -of j’sn-n-lgn-n-n- n-rn -t . O7sch score n-Is in -n - uni,ts of standard ci n - n - - y in - ct i n - c _ in - s  t ’n - ’ orn- ,
the r e f n - n - n - -~sn - ’ c’n - n - - fcc ’ a “ I n -  ‘n - n- - l i mr n - ’.- r r l - a m n - .  (The standard devi’ n -t , n- )C ‘ u n - n - n -  ‘ n - n - c - :v:t~~n- ,
scores is caln-n-’slat -s- n- In-c -n - ’- each factor , and the scores for t i n - n - n -  1 ” n- ‘ t n - n- - n - ’  n - u n -n- ’ -
divided by t In - :n - t  stan-’n- - ,I- cc ’- , i, deviation.) If there is d i e n - -n- It ’s’ ’irn-x ’- n - i,’ n - i n - n -n-- seven
tn- n-n - c t a r c  f- n -n -n - ’  a n-’ Iven - n -  :‘s-:ter’, ,  it w i l l  n-n-- ’ar if en - n -n - t i t : ” - l  n- n-tn n - n - I L  n - - n - n - n -’n - , I’ - n- i n - - - 1 ’ I n - n -
vn -rTIn -~~cn -n - n -n -on -n -n -n -se f— n - n -n -n - t a r :, T n - n --rn - n-n -x arn ln -i n - :, eve t n -n - ’r n - , 1 n-n - ) n-ow: r n - n -n - n - n - n - a n - n - - b  i - n - n - n (b ’;

• - ,lefin ltin-n-r , ‘ n - Il c-n- n-n-re:- are zero),  and t On -n - ‘,“n-,n- ’ ,i n - n - n - , ’ - - h- zn - n - n - n-.- . ln -y - ’ -n - I n - ’ n-~n- n - . ,
:n -yc-t em 3 fluctuates from ~14 .220 on Factor 7 to + ‘-‘ .l° c-- n - i  ‘In - ‘P n- 5. ‘ TI n -n - -
variance across d imensions is 5.03 , and the :tai n - n - iaj ’i  - 1 n - - ’ ,n - l - i t I  a
Standard -deviations thus calculated for each of the 23 e-n- :’ - n - - ,: n-n-rn--
present ed i n - n - Tn-n-n-Ole EB—9 . The systems are n-n-n-r-d~n - rn -~I ft ’  n - ’ , n - i ’ t ’ n - -, - t t, - / - ‘

disagreement . Dn - ’i ly four clear facts ern-_ier’n- ’n - n - : 1) ‘wIll , a- - ‘- n - n - _ n -  t~~ n- ” In- ’ i n - ’n-’n-

typ e ( treatment process), ‘I~rpe II systems (2P n -- ) have n - n -  ‘ n - - , ” i i .  n - n - I  ely
vIewed Imn -n - e act s , 2) the systems with power all ‘~

-‘sn-~n - n -  0 ‘ n - ’c _ - t n - , - -n - Un-

r -n - ’u”n-g-_ - of’ - f l c n -’in-n-’n-r’ n-n -’ n - n - rn - n -n-n-n- n -n - t , 3) the’ r n - n - -n- n - n - n - P desirable ,:‘-,‘n - ’ ,, .n - r n - n - - - ‘‘ - - n - - r I  1 U , n- I - n -  s n - n -  1
panel ~n-n-n -t tn-nate ( ,n-- ’,n -c -t, ’n-r-n- 7) n--hews the least - i i : - n- -o - n- - - n- n- - n- . ’I, n- , a n - n - n -  n-n- n- t n - n - n -- n - ’ - i n - ’
p -n - In - ct i - n -rn - - i’ ; little , i i t f n - ’n-” -n -n - nc n - ” in -lI:r~~’e’arnernt 1 -, -t w- ’- -n - ”n- t i n - n - - xl :- -.‘n - ’ , - , -:

, i - , ’ ‘ O n - T n - ~T’T ‘I OF ITPF:E-IF ’TC II-n-tOA-T -’22 01011-1 Thn-- ‘,d ‘Wn- -- I I: ’, OF

fr ~,- ,7VT1n-LAJ. , n -,~
’ T h 2 ) ”,~

‘I ’In-n-n- ‘Iisc-n- ::cI-.-n - , n -f i n - ,  ‘‘: 1 I n - rn - I n - ion - -n - n -  .-T’,ts t i n - n - ,’ I n - n -_n - ’  I n - n - n - n -  I n -  -n - - I , n - - n- - - - l  n - - i
In - - ’ - ‘irn -aly sis -f n - n - an - n t -- n - I l -n - ’: ’ ‘n-- n- s -n -n -on - ’ ’:; . For- :-- n - -n- , - ’, I ,n - - , n- - ‘ n - -  f - n - , a -  , ‘ : , ‘ n- -

,i,n L I I ’ : I 1 ,_ n - a l  ‘ .
- ‘ - -n - ; -  I n -  a ’ — ) n - - n- UI 1 be - n-rn- i n - - - :  1 : ,  - - n - r n - n - n -  n - n -’ - n - - - - - hT n-n- I n - - n - I - c - - i  - c_ n -f

n-s n-’ , n - t ,e ’rn n -’ l n - n - r n - n - n -’n - , t  s -n - n - -n- - : , H n - ’- n - n - n - -, ’n -n -t a i  r’n - s n - ’ - c n - n - ’- n - , em n -” ( A  m a tn - ’ix ) n - u n - :  - n- n - n -n- - U -a n - _ic , - - ’, -
- n - i

r n -n- _n - - n - u n - n - - -;. - ‘ n - j n - ’  n-
- n - ,  in - n-n-”’n-jj , n-n- ’’ - i ’ n- ’ ,h ,I ’ n- n-’ Is ‘ - n - n - n- e O n - - n - ) .  “I’m- ‘- ‘n - n - -n -’ ’  n- n- - - ‘ ‘ : - n - - - ’ n - n - - n - -  I , ’ ‘n- , , ‘ n- n- : :

-2 r n -u t r I -- _ sn -’ ’ :r’n - ’ - -:n - ’’ , n- U I - c ’  • n - n ~~ . T ’n - - n - -” n - n -  a’ n - i ’ ’ - ’: ’ ‘ n- - ‘ ‘ ‘ ‘ ‘ I - - :  n - n - i - - - ;- 1



_ _ _ _- 
__~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ n-~~~~~~ ~~~~~~ n- ’ - . .

TABLE Ft’s--n-n-

DISAGREE~€NT AMONG J1JDGES

VARIANCE SYSTEM STANDARD SYSTEM ELEJn-1EN~,EIT
RANK NUMBER DEVIATION ALTERNATIVE SLUDGE PEn n-ABLE PCMER

1 3 2.2 14 II A
2 )-i 2 .23 III A Un-I
3 2 2.20 II A Un-I
14 16 2.18 V A Un-I
5 20 2.18 V L LI-i
6 21 2.18 V L B
7 6 2.16 III L U-I
8 5 2.1 14 III L R
9 17 2.09 V A R

10 10 2.05 IV A Un-I X
11 18 2.05 V A IN X
1 2 ’  22 2.02 V I LIvl X
13 15 1.96 IV L Un-I X
114 11 1.95 IV A R X
15 19 1.90 V A R X
16 13 1.89 IV I U”I
17 23 1.89 V L R X
18 8 1.83 IV A UI
19 114 1.83 IV L B X
20 12 1.80 TV L B
21 9 1.77 IV A R
22 7 1.1414 III I R
23 1 0 1 A LN

Fr~~~e = (2 : ~~~~~ =~~~~3 = 2.1414 v1 = 6 , v2 = 6

(5 .03)  5.03 - -

( F77)2 =~~T~~
’ 1. 00 v

1 = 6 , v n - n- = 6

. . ~~~ 



n - ’ n-’ n- ’, n - n n -c:n -n - n - t n - - n - - n - I T ’ ,’ I - in - n - I -, - n -n - a n - not fcn - :IOTe at t i , j n - n -  t a”’n-n ’. I-t n- taLc ’ , we I n - 1 ’ n-~’n - - - L1~t
n - n - , I’n- n -n -’ n - : in - n - n - n -  I I n - ’ i n -  n - n - A r an -ax E-, for each n-I’ the t~~~ teen jn-sdg-n-c,:. An-n-
‘,S’ rr’ ( ’n - ’n n- ,n-sn-ln-itn -n- l , r n -,n-’n-n- of t l n -~ A matri,x b-n-c -t representing a given U.n- rn - en _ in -in - on -n - of
n-

n- _i n - n - n - n - ’  n- ,t, eon be ob-t~ i.c n-on-i by examirn- tn- n-c- the A matrix for the judge or judge:
- i n -n -P -n -  n--;ith t I n - n -n-. ~I irn-onsiorn- ( see n - n - n -”n- n - n - n- n--~ - t n - )n - ‘ n - n - n - I  n-n-

Tn- n-c- A n- n - . n - ’ i : - -~ ~-rn- -n - s n - n - - n -’n-tan below i on-v .’ been sEn-_ iplII ’ied so that they
I I , ’: Icy -n - n - n - It- str ’ongl r-osi.tive or :tr-or’,n - ’l:n-’ r_ien -;-n - ’x t Ivn - -  irn-pacts. Anything

~n-_i - ‘ ~~n- n- t n - ,n- ’n-n - ,  -‘ - n - ’ - n - n - _ in - a l  - +~~ is- n- -n-1l~~-ct n -~ i ‘ n-c - (+) whIle en--j ei” ,~~I i L n - n - n - n -  less than
en - n - n - n - n - i to  —~~

‘ apre-arn-: a: ( — )  . ‘Iv~ n -’ y t i ’n - in - n- ’ cisc has L - ~~~ - rn - left blank . n-TIn - ’,:

I: t- ~ - l i e n - - E n -’, ’ .nn - I’, t in - a  strongly positive or nec ’n -n -t Ivn - n - ~J~1n-~~n - f l ts 50
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