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MPARISON OF NUCLEAR POWERPLANT

SITING METHODOLOGIES
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based on completeness on the subject of site selection and on representation of the
full range of methodologies being used. The similarities and differences of the
methodologies were noted and a classification scheme, which is presented in Chapter
11, was devised.

A data base was needed in order to compare the results of the applications of
the different methodologies in the same context. It was recognized that the differ-
ences between the results of the methodulogy applications might be controlled, to a
large extent, by geographic factors., Therefore, it was decided that two data bases
representing different regions of the country would be useful. Descriptions of the
two data bases chosen are contained in Chapter I of Part III.

Several of the methodologies used in the past are of a gralitative nature;
this is in contrast to other methodologies which are clearly r.re quantitative.
The qualitative methods reviewed have no clear analytical stiructure and emphasizeo
different factors for different sites. Because of this ru specific approach, it
was not possible to accurately simulate the use of these site selection methods
. with the test data bases in a way “hat would allow comperison with oth:r more
guantitative methods. Therefore, it was shown that the assumptions made coneccrning
levels of suitability in terms of a particular siting factor, described in gualita=
tive terms, have an effect on the ranking of sites, and that the implicit degree

of importance assigned to a particular factor alsno affects ranking.

Manipulations simulating several of the quantitative methodologies currently

in use were performed on the data bases to provide infarmation in the followiny
analyses:

1. The comparison betweer exclusion screening and comparisocn (weighted)
screening,

e

2. The effect of weighting structures, and
3. The effect of choosing different suitability levels for a particular
siting factor.

These analyses are presented in Chapter | of Dart I1l, as is8 the effe

et of
different criteria to measure suitability for a particular facror.

Several basic conclusions weére drawn from the comparative analy
discussed in Chapter IV. The work presented in this report has pointed tg

additional investigations that should be performed. These additional

investigations,
together with the résults of the current study, will form the basis for a much more
complete and critical review of processes used to select nuclear powerplant sites.
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CHAPTER 11

SITING METHODCLOGIES CURRENTLY USED BY UTILITIES

Introduction

The alternate site evaluation chapters of 41 ERs submitted between July 1972
and September 1976 as part of construction permit applications were revi

order to determine which siting methodologies were being used by utility compa

£leven of these siting studies, and one contained 1in a Final E
ment (FES) prepared by the Nuclear Regulatory Commission (NRC), were chosen
.oive detailed classification of the methodologies they employed. These 12 1ting
=ty 1es were chosen because they were representative of the range of methodologis

sed and because their ERs contained sufficient information on which to bass

-

easonable classification assessment.

Although the siting procedures used by the utilities are in the X t
yf steps involved, they can generally be divided into three phases ®
s Phase I--Determination idate Areas: The Region of Interest (ROI)
sereened to locate Candidate Areas for a site.
+ phage II--Determination of Candidate Sites: The Candidate rea A X ¢
to locate Candidate Sites.
e Phase 1I7--Determination of Proposed Site: The Candidate Sites ar valuat
and compared to determine the Proposed Site.
r thig study, a candidate area will be defined a 1 collect - 3
s 5 4 . :
11 f suff iently high suitability. A candidate ite 11 t lef i
within such an area. The cell size (1.5 miles [2.4 km] on a side for the tah
ayea and 1.4 1les 2 ¥ n a side for the 11ind stud 1Y ( la
mmodate twi r three icleat werplants. The 2yt 101 tua
rolant c>uld fall within some reior f a 11, the boundax L
ells, ol t the intersect 1 boundar £ four . Incx ¢
t to !} located would increa £t shance that the latt ¢ $
n t occur.
.
\
; Three-Pr Model
s
}
|
| 3 1 5 ¢
! —— e -
. siting study is conducted withi 3 1 wi 5 ter
-
The process usually starts with a defined Regior f Inter ¢
with a Pronosed Site. (See Reference 1 for terminolea jefinition
: : it ¢ definitions.
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of reasonably well-understood political, social, economic, and technical consider-
ations. Several different definitions of the ROI have been used in recent siting
studies. These definitions include utility service area, utility service area
plus some specified border, the area within state boundaries, and regional power
pool service areas. The choice of ROI boundaries is primarily a political matter
for the type of siting studies evaluated here and therefore has not heen addressed.
The ROI has been treated as a predefined area. However, it should be noted that

as the political problems of local siting increase and as improvements in technol-
ogy permit ever-increasing transmission distances, the recent trend has been toward
ever-increasing size for the ROI.

Phase I--Determination of Candidate Areas

Regional analysis is essentially a screening process to select those areas
in which a more cohcentrated effort should be applied to identify potential sites.
Financial, legal, and time limitations generally dictate that this screening be

based solely on published data.

Phase II--Determination of Candidate Sites

The selection of candidate sites is often done in two steps. First, potential
sites are defined in the candidate areas. A screening of these potential sites re-
sults in candidate gsites. More detailed additional analysis and data are re=-
guired for this phase than are required for candidate area selection. Typically,
gome site-specific data are obtained by survey and by other reconnalssance methods

in order to assure better data quality for the final phase.

Phase III--Determination of Proposed Site (Final Site Selecticn)

The methodologies used to compare and evaluate candidate sites in order to
aelect the proposed site are more diverse and generally more complex than those
used for the previous two phases. The number of siting criteria employed and the
reliability of the data for Phase I11 are usually greater than for the candidate

site selection phase.

Classification ¢ Site Selection Pracedures

Beview of the alternate site evaluation chapters of the 41 ERs used for this

study showed that essentially 6 different siting methodologix

These six methodologies were ased in many different combinations three
phases of the site selection process, and the precise application ol the mathodolog;
may vary greatly depending upon the phase for which it is used. Althouah v form
terminalogy has evolved in the siting field, for the purpose of this work the six
methods lagies are identified and the pghases of the aeneral sitir =3
which they are applied are defined in Table T,

The definitions of each of the selection methodolungies as applicd to cact
the three phases of the site selection progess are contained in the following sectl

POC
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TABLE I

Siting Methodologies Appropriate to Each Phase of
the Site Selection Process

Siting Methodology Phase 1 Phase 11 Phase 111
Favorability Selection X X X
Comparison Screening X X X
Qualitative Comparison Same as Favorability X
Cost Effectiveness - - X
Site Rating - - X
Exclusion Screening b 4 X X

Favorability Selection

Candidate Areas -- Candidate areas are selected because of one or more favorable

negr—-

characteristics. The siting criteria can be applied either sequentially or
rently. Sequential application implies that second siting criteria would be applied

s ]

only to the area remaining after the first criteria were applied. Concurrent appll
cation involves simultaneous consideration of the criteria. In the latter case, ar

area might have a single weak point yet still remain in the study because of one o

"

more compensating positive features.

This screening procedure is typically done in a qualitative manner and can be
highly subjective. Areas are selected because they have one or more particularly
favorable characteristics. In the recent past, the most important of the favor-
ability criteria have been location within the utility service area and nearness

a source of cocling water. Equally favorable locations may exist elsewhere, but 1

an adequate number of candidate areas is identified, no attempt 1s made to develo]
these alternate areas. The definition of adequate depends largely upon those per-
forming the study.

Candidate Sites ~-- The preceding comments concerning favorability selectic
s+he candidate area selection phase are also applicable to this phase, The malir
dj fference involves the siting criteria applied. Criteria such as proximity ¢
power load, cooling water, and major faults are easily applied at the regional
More site-specific criteria such as topography, transmission access, land s Ot
ecological sensitivity are more readily applied in this hase.

Proposed Site -~ Occasionally an individual s
favorable characteristics that it is proposed on the basis of its merit rather thar

on the basis of an alternate site evaluation,

Exclusion Screening

Candidate Areas -- A sat of explicitly stated exclusionary criteria, €.9.,

,4
.
>

~J
L

59¢

P“G'P lesg than i) miles (16 km) from a water source, etc.,,
13




O e B e A e n— e E——— . . - N ———— IR .

the ROI. The candidate areas are those which remain after this screcning. The
emphasis here is on defining minimum standards of acceptability.

Candidate Sites -- Additional exclusionary criteria are applied to the candi-
date areas in order to aid in the selection of the candidate sites. Exclusion
screening cannot be the .ole methodology used at this stage since i1t does not
select sites but merely r.duces the areas in which candidate sites can be located.
Eventually, some comparisor of the remaining areas would be needed in order to lo- .

cate and evaluate candidate sites.

Comparison Screening

Candidate Areas -- A set of explicitly stated criteria, or siting issues, is
established and utility ratings assigned to each category within each criterion. A
map is prepared covering the entire ROI for each criterion (siting issue}. A set
of weights is established which determines the relative importance of each of the
criteria as part of the site area suitability assessment. The weights are applied

to the ratings for each issue a:’ a composite score is developed. The score for
each site area is compared to other areas in order to rark-order the site areas and
identify the most suitable area or areas. For selection of candidate areas, genecral

over small regions) are compared using a rating and importance-ratio welghting
structure.

Candidate Sites -- The same procedure as that used in candid>te area selection

is applied. However, additional site-specific data are used with increasingly
complex or discriminating criteria.

Proposed Sites -- Again a weighting structure provides the format for compari-

son. More specific eriteria are used and the evaluation may be disaggregated at

l criteria that vary over larger regions (as opposed to criteria that vary rapidly
[ this point into costs, environmental impacts, and socioceconomic chanyges.

Qualitative Comparison

A gqualitative discussion of each of the siting criteria 1s prescented for each
cand -date site and the proposed site 1s chosen. The backup for the deciaion is pre-
dominant.y gualitarive: The trade-cffs used between siting criteria arec scldom

apparent.,
The classification is used only for the third phase of the siting froacess. 1t
should be noted that its use for the first and second phases would be indistin-

guishable from the favorability selection classifieation.

Cost-Ef fectiveness Analysis

The proposed site is chosen based scolely on a cost analysis for the candidar
gites. Generally, the cost analysis includes only those costs directly associated
with development {(construction, engineering, etc.). Ocecasionally, such factors
gociogconomic impacts are assigned a dollar cost and included in the analysis. A
gualitative description of environmental impacts 15 included in sponse to thoe
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TABLE II

Methodology Classification for Selected Siting Studies

Siting Study

Blue Hills Station
Callaway Plant
Douglas Point Nuclear

Generating Station (FES)

Jamesport Nuclear
Power Station

Fulton Generation Station

Douglas Point Muclear

Generating Station (ER)

Marble Hill Nuclear
Generating Station

NEP Nuclear Powerplant

River Bend Station

Palo Verde Nuclear
Generat.ng Station

South Texas Project

Tyrone Energy Park

The Marble Hill Nuclear

Studies both used favorability selection to determine

and qualitative comparison

plant siting study followed

HqMOC
maoammnmn

0o

toc select the propo

the

Date

Aug. 1974

1974

1976

1974
1973

1973

1975
1976

1975

1274

1974

1974
Legend

Phase 1 Phase I1 Phase 111
Candidate Candidate Proposed
Areas Sites Sites
FS and E§ FS and ES CE
FS FS CE

Fs

FS
ES

F8

FS
ES
FS

ES and CS
FS and CS
ES

FS

FS and ES
FS

FsS

FS
FS
FS

ES and CS
FS

ES and CS

= Cost-Effectiveness Analysis
= Comparison Screening

=

Scruening to determine candidate

The Palo Verde Nuclear
used a 0 to 5% scale based o

given weighting factors and

Bites. The proposed site was picked primarily on favor:

acquisition for gualitative comparissn with

time schedule.

The South Texas Projec

tion and comparison screent

chosen by favorability selection.

final site: each candidate
81X 8iting criteria and on

ranking done.

Generat ng Statio

n degree »f accept
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t s1ting tuay used
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Exclusion Sc
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CQualitative
Site Rating

same methodology except
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The Tyrone Energy Park siting study used comparison screening to narrow three
candidate sites to a single proposed site.13 The sites were rated on a 1 = poor to
4 = excellent scale for the different criteria. The criteria were then welghted and

the sites ranked.
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PART 11

AN EVALUATION OF NUCLEAR POWERPLANT
SITING METHODOLOGIES

I. OVERVIEW OF METHODOLOGY LVALUATION

1.1 Scope of Evaluation

Sandia Laboratories contracted with woodward-Clyde Consultants to

assist in an analysis of alternative methodologies for selecting nucliear

power plant sites. The overall purpose of the project was to provide a

rationale and substantive assistance to help the Nuclear Regulatory Com-

mission (NRC) in specifying guidelines for methodologies to be used in

siting studies. Specifically, distinctive characteristics of adequate

methodologies were to be identified, although it was not the purpose of
the study to determine a single "hest" siting methodology. 7o identify

these characteristics, an evaluation of site selection methodologies was

conducted.

A variety of methodologies has been either proposed for use¢ or

actually used in nucliear power plant site selection. Since our purpose

was to assist the NRC in specifying guidelines for actual siting studies,

we evaluated only methodologies that had been used previously in siting

studies for Environmental Reports submitted to the NRC.
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Three ~ain characteristics produce complexity in evaluating meth-
odologies. First, it is difficult to determine exactly what constitutes
a methodology. Different procedures arc often referred to by the samc
name, if indeed any name is used. Second, the objectives to be achicved
by a4 siting study (aside from site identification) often are not clearly
articulated. Third, individuals have different perceptions of the rela-
tive importance of achieving various objectives of a methodology. Thus,
a methodology may be evaluated very favorably by onc person and un-
favorably b+ another because =uch attuaches different degrees of importance

to those aspects of siting which the methodology handles well or poerly.

The assessment of methodologies is complicated by the fact that a
particular application may have flaws that are easily correctable but
which reduce its usefulness as a siting study: that is, the flaws are
not inherent in the methodology used, but rather result from the imple-
mentation of the methodology in a particular siting study. This
report evaluates methodologies as they were actually implemented and,
in addition, as they might have been applied if various correctable

mistakes had not been made.

The objectives of siting methodologies were determined in meetings
with individuals familiar with nuclear power plant siting. These indi-
viduals included professionals at Sandia Laboratories, NRC, consulting

firms engaged in conducting siting studies, and utility companics which

23 Il £%

P ——
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were specified. For each, an attribute scale was constructed to indicate

i - commission and conduct siting studies. Eighteen lower level objectives
|

i the degree to which the various methodologics met the corresponding

F

i

obhjectives.

Four individuals discussed with us their relative preferences for

P

achieving the various objectives. The individuals had different per-

spectives and responsibilities in the nuclear power plant siting process.

Based on these interviews, three separate multiattribute utility functions

| representing different points of view regarding the various objectives
were constructed. Although the preferences encoded in the three utility

{ functions differ substantially, the final ranking of methodologics is

E almost identical using any of the utility functions. This occurred

i hecause the better methodologies were better on essentially all the

attributes., Thus, it was not necessary to obtain agreement on a single

r utility function for use in this evaluation.

1.2 Selection of Methodologies for Evaluation

The alternate site evaluation chapters of forty-one Environmental
Reports (ER) and one Final Environmental Statement (FES) submitted as
part of construction permit applications to the Nuclear Regulatory
Commission between July 1972 and September 1976 were reviewed by Sandia
Laboratories. This review identified the siting methodelogies actually

being used by utility companies. Twelve of the studies were selected

23

wO

(S
™~
]




for detailed evaluation of the methodologies used. The twelve studies
were chosen because they arve representative of the range of methodologies
used by utilities and because the ERs or I'Es contain sufficient in-

format ion on which to base a rcasonable evaluation.

Although the siting procedures used by the utilities differ in
number of steps, they generally invelve three phases. The procedure

begins with an established Region of Interest and ends with a Proposed

Site:?

Phase 1. ESEEﬂEiH?tiO" of Candidate Areas: The Region of
Interest is screened to locate Candidate Arcas for a
site.

Phase I1. Determination of Candidate Sites: The Candidate
Areas arc screened to locate Candidate Sites.

Phase 111. Determination of Proposed Site: The Candidate Sites
are evaluated and compared to determine the Proposed
Site.

boed Dotcg&ﬁygjfglﬁj:Eapg}dnfp_jgygﬁ. With the regional analyses,

one is performing a screening to select arcas where a more concentrated

*Specific definitions for these terms and others used in this section
are contained in: "Regulatory Guide 2.2, Revised; Preparation of In-
vironmental Reports for Nuclear Power Stations.” United States Nucleoar
Regulatory Commission, Office of Standards Development, July 1976,

24



offort will be applied to identify potential sites. Basically three

Jdifferent procedures are used by the nuclear industry to determine

by Candidate Areas:

1. Favorability Selection: Areas are chosen because of onc or

R N v—-

more favorable characteristics. Siting criteria can be
applied either sequentially or concurrently. Sequential

application implies that the second siting criterion would

: be applied only to those areas remaining after the first
| criterion was applied. Concurrent application involves

l applying all the siting criteria to the entire Region of

| Interest and choosing Candidate Areas based on the combined

| suitability of the area.

2 Exclusion Screening: The Candidate Areas are those that re-

main after a set of exclusionar’ siting criteria is applied to

]

I the Region of Interest. Examples of exclusionary criteria in-
i clude: in a federal park, more than ten miles from a water

|

source, and less than five miles from an active fault.

Arecas are rated on a scale based on

1]
.

Comparison Screening.:
degree of acceptuability for one or more siting criteria. The
ratings are combined (the various siting criteria are assigned

weighting factors based on the importance of each) uand the

R RO

areas are ranked. Those areas having an acceptable rating or

ranking become the Candidate Areas.
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Of the three methodologies the third is the most quantitutive; the
first, the least. For favorability selection, arcas arc picked because
they are particularly vavorable based on one or more criteria. Lgually
favorable locations may exist elsewherce; but if an "adequate' number of
arcas is identified, no attempt is made to identify the others. The
definition of "adequate" depends on the person or persons doing the
study. With exclusion screening, an area is excluded based on one cri-
terion. In this case, cqually undesirable locations may still r;muin in
the Candidate Areas, but thosc will presumably be identified in subse-

quent phases of the siting study.

1.2.2 Determination of Candidate Sites. After the Candidate Areas

e ey

are determined, potential sites within those arcas are located.

Additional and more detailed analyses and data are required for the
potential sites in order to select from them a set of Candidate Sites.
Site-specific data should be employved along with survey and reconnais-

sance information in this process.

The procedures used to select Candidate Sites are the same as those
for selecting Candidate Areas. Only the number of siting criteria
emploved and the quality of the data differ. Again, the three siting
methodologies used to select Candidate Sites are: (1) favorability

selection; (2) exclusion screening; and (3) comparison screening.

L
N

26
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, e Determination of Proposed Site. The procedures used to detor-

mine the Proposed Site are more diverse and gemerally arc more complex
than those used for the previous phases. The number of siting criteria
f employed and the quality of the data are usually greater than in the

| Candidate Site selection phase. The five procedures used to select the

Proposed Site are:

i |Eyqrnbjli}z_5c!gg£ign: Occasionally a site having a sufficien

number of favorable conditions is proposed on the basis of its

merits alone rather than through an alternate site cvaluation.

2 Qualitative Comparison: The siting criteria are discussed for

each Cundidate Site and the Proposed Site is chosen. The sup-

port for the decision is primarily gqualitative.

3. Cost-Effectiveness Analysis: (Choice of the Proposed Site is

chosen based on engincering costs. A gualitative description
of environmental impacts is included. This methodology is
generally used when the environmental impacts for all Candi-

date Sites are approximately equ valent.

4. Site Rating: A rating scheme is applied to the Candidate

for the tradeoffs among the different siting criteria is

r
; : Sites; its outcome determines the Proposced Site. The basis
l rarely clear. No weighting factors arc used.

|

27




5. Comparison Screening: The procedure is the same as that dis-

cussed under Candidate Arca seclection.

1.2.4 Classification of Selecied Siting“§tudies. Table 1.1 identi-

fies the methodologies evaluated in this report by the siting study in
wihich each was used and by the manner in which the three phases of site
sclection were performed. A more detailed discussion of cach methodology

is given in Section 5 and in Appendix 4.

The majority of the siting studies reviewed appearcd to use favor-
ability selection for both Candidate Area and Site selection. This
classification may not reflect the actual procedure used but could have
resulted from insufficient information having been presente’ in the ER.
If, although they might have been used, exclusion criteria or accept-
ability scales were not presented in the ER, the appearance - and hence

the classification — of favorability selection would result.

1.5 Outline of Report

The main sections of this report correspond to the different tasks
conducted as part of the evaluation of nuclear power plant site selec-
tion methodologies. Section 2 discusses the evaluation approach used in
the study. Section 3 treats the objectives of siting methodologies.
Specific attributes (measurcs of effectiveness) to assess the oxtent to

which a methodology meets cach objective are presented in Section 4.

™~
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Section 5 rates the various methodologies on cach of the attribute
seales, Section 6 discusses the multiattribute utility structurcs uscd .
to amalgamate the various attributes into one overall cvaluation (ohjective)
function. The results of evaluating the methodologies are presented in
Section 7, the implications of those results are discussed in Scction 8,

Various supportive technical material is presented in appendices.




3 EVALUATION APPROACH:  DECISION ANALYSIS

The major complexities in evaluating nuclear power plant siting

methodologies are:
1. specifying the objectives of the methodologies

b5 constructing measures to indicate the degree to which the

objectives are achieved

describing methodologies in terms of the degree to which they

w
.

meet the objectives
1. assessing the relative importance of the various objectives

Decision analysis explicitly addresses each of these complexities in a
formal and logically consistent manner. For this reason, and becausc
the contract required it, decision analysis was chosen to examine the
siting methodologies.* A summary of the theoretical foundations of
decision analysis is given in Appendix 1. A more detailed presentation
of the theory and practice of decision analysis is given collectively in
von Neumann and Morgenstern [4]; Raiffa [3]; Brown, Kahr, and n

[1]; and Keeney and Raiffa [2]. This section provides an overview of

the approach.

*Decision analysis was not selected as one of the siting methodologies

to be ¢ iluated since, through 1976, it had not been used in ffnviron-
mental .ports filed with the Nuclear Regulatory Commission.
31 "



RN EIrS==,

2.1 Description of the Decision Analysis Approach

Decision analysis is a systematic procedure which can help cval-
uate alternatives in accordance with the preferences and judgments of
various experts and affected parties. For discussion, decision analysis

can be broken down into the following steps:
e structuring the problem
e describing the consequences of each alternative
o determining the preference structure
® rationally synthesizing information

Let us discuss these steps in more detail.

Structuring the Problem. Structuring involves definition of the
problem scope, identification of a set of objectives, specification of
attributes (i.e., measurcs of effectiveness) to indicate the degree to
which each objective is achieved, and determination of alternatives to
be evaluated. Also, individuals whose preferences are importunt to the
analysis are identified. ([ .cision analysis provides a framework in

which different viewpoints can be considered in cvaluating the alterna-

tives if desired.)

wn
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hescribing the Consequences of Lach Alternative. A description of

the consequences »f each alternative is given in terms of the attri-
butes, If there are uncertainties in estimating consequences, a completo
specification of the consequences of choosing a particular alternative
will require the quantification of probabilities for the different pos-
sible consequences. The consequences (and, if necessary, probabi‘ities)

are determined from data, models, or the professional judgment of experts.

Determining the Preference Structure. In this step, the preferences

of the individuals concerned with the problem are quantified. The process
involves quantifying the various concerned individuals' value tradeoffs
between achievement of competing objectives and, if necessary, quantify-
ing their attitudes toward risk-taking. Utility theory is used to express
preferences in a mathematical form called a utility function. Such a
function is assesced by asking the decision maker various preference

guestions.

Synthesizing the Informatiqg. Synthesis, which integrates the in-

formation gathered in previous steps, is computational and interpretive.
It consists of calculating the expected utility for each alternative and
examining the reasons for the overall levels of utility. Sensitivity
analysis may be included in this step; it is often appropriate to vary
the consequences of cach alternative and the utility functions to deter-

mine how this affects the ranking of the alternatives.

. Nro
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2.2 Decision Analysis of Site Selection Methodologies

e

To overview the analysis of nuclear power plant site sclection
methodologies, a description of the four steps of the examination is

given here.

Structuring the problem involved specifying both the objectives
hierarchy and an attribute to measure each of the lower lcvel objectives.

The twelve siting methodologies to be evaluated were also sclected.

To describe the consequences of cach alternative, the degree to which
each of the methodologies measured up in terms of the attribute scales
was guantified. Since there were eighteen scales (one for ecach lower
ievel objective}, the methodologies were fully described by eighteen

pieces of data. One datum rated a methodology on one attribute.

To determine the preference structure, interviev were held with
four individuals closely familiar with aspects of nuclear power plant
siting problems. As a result, three utility functions were constructed:
one representing the viewpoint of a consultant, one reprecsenting the
viewpoint of a staff member of Sandia Laboratories, and onc comhining

the viewpoints of two NRC staff members.*

*It is important to stress that the viewpoints represented personal
opinions and not official policy. Furthermore, the utility assessments
were all conducted to be rough first-cuts of the preference structurcs.
The ensuing analysis then indicated that refined assessments were not
required to carry out the purposes of this study.
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The final step was synthesis of information. Using vach of the

throe utility functions, an evaluation of the twelve methodologies was

conducted. A ranking of the methodologies resulted. Weak components of

the methodologies were identified.

In this evaluation, our intent was to structurc the problem carc-
fully in step | and then to conduct an analysis of methodologics utiliz-
ineg some simplification in steps 2 and 3. This would indicate which
aspects of these steps were critical to the cvaluation and worthy of
additional effort. Thus, in step 2 the methodologies were described
deterministically rather than by using probabilities to indicate uncer-
tainties about the methodologies. In step 3, we assumed cach of the
single-attribute utility functions was linear and concentrated on the
value tradeoffs among attributes (i.e., the relative importance among
objectives). As illustrated by the analysis in Section 7, these sim-
plifications, which initially sccmed appropriate, proved in fact to be
inconsequent to the overali results of the study. Hence, it was not
necessary to construct a more sophisticated model. The original model

captured the essential features of the problem.

Decision analysis had several advantages for evaluating nuclear

power plant siting methodologies:

e The process of specifying objectives and attributes led to o

c¢lear, explicit definition of the cvaluation problem.

35
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@ Decision analysis provided a logical mechanism for quantita- |

tively considering value tradeoffs among multiple objectives. -

e Juantification allowed appraisal of the sensitivity of cvalu-

importance of various objectives.

e The explicit, quantitative nature of a decision analys’s pro-

!
!
|
ation conclusions to different assessments of the relative I
|
1
1
!
|
vided a complete documentation of the evaluation. I

|

The remainder of this report discusses the evaluation of site selection

methodologies in detail.
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< ORJECTIVES FOR EVALUATING SITE SELECTION METHODOLOGTES

3.1 Structure of Objectives

The objectives of siting methodologies were determined in mectings
with individuals familiar with nuclear power plant siting. The process
was iterative, with changes made in the objectives structure over a
period of several months based on the comments of the individuals inter-

viewed.

The final objectives for the cvaluation are illustrated in Figure
3.1. To simplify the figure, short keywords are used for each objective.

-

A complete definition of ecach objective is given in Subsection 5.2.

As Figure 3.1 shows, thc objectives in the cvaluation of siting
methodologies are arranged hierarchically. For example, the Quality of
Analysis objective has three layers of subobjectives under it. The dis-
cussion in Sections 4 and 6 shows a useful feature of decision analysis:
attributes (measures of effectiveness) need to be specified only for the
Jowest level objectives in the hierarchy. Thus, we can sec from Figurc
5.1 that eighteen attributes must be specified in the cvaluation. The
mathematical procedures of utility theory cnable us to combine the
attributes to obtain evaluation functions for the higher level objoctives

in the hierarchy.

a7 259
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—Stated
(1.1.1.1)
~—Candidate -
Arca F—Justified
Determination (1.1.1.2)
(1.1.1)
—Data
~Candidate — (1.1.1.3)
Site
Identification (1.1) r—Stated
(1.1.2.1)
—Quality w— ——Candidate o
of Site —Justified
Analysis (1) Determination (1.1.2.2)
(1.1.2)
rhat
(1.1.2.3)
—-Site —1—Multiple Concuerns (1.2.1)
Selection (1.2) — Degree of Impact (1.2.2)
— Comparable Analysis (1.2.3)
—Data (1.2.4)
— Rationale (1.2.5)
—-Uncertaintics (1.2.6)
— Long-Term Imp.cts (1.2.7)

—Sensiti: ity
Analysis (1.3)

Understandability (2.1)

—— Public
Perception (2)

Perceived Public
Input (2.2)

-Required
[- Expertisc (3.1)

‘- Practicality (3)-—L
Cost (3.2)

Figure 3.1 OBJECVIVES HIERARCHY
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3.2 Definition of Objectives

The objectives used to evaluate nuclear siting methodologics are
defined below. The numbering scheme corresponds to that in parenthescs
following cach objective in Figure 3.1. Note that decimal points scpar-
ate references to different levels in the objectives hierarchy. Thus,
for example, 1.2.7 refers to the seventh subobjective (lLong-Term Impacts)
under the second subobjective (Site Selection) under the first objective

(Quality of Analysis). The objectives are:

l. Quality of Analysis: The methodology should be sound, defen-
sible, and useful to NRC in its decision making. |In particu-

lar,

1.1 Candidate Site Identification: The Candidate Site Iden-
tification portion of the methodology should be sound,

defensible, and useful to NRC in its decisicn-making

process. This means,

98 Candidate Area Determination: For Candidate

Arca determination:

0 The screening criteria should be

clearly stated.

1.1.0.2 The screening c¢riteria should be

explicitly justified.
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b1 sufficient data should be used to

implement the screening criteria -
accurately.
1.1.2 Candidate Site Determination: For Candidate

Site determination:

1:1.2+) The selection criteria should be

clearly stated.

B Ny T E—

(I d v Lay The seclection criteria should be

explicitly justified.

1.1.2.3 Sufficient data should be used to
implement the selection criteria

accurately.

1.2 Site Selection: The procedure for sclecting s site should

|
F be clearly supported. This means,
[ 1.2.1 The multiple concerns in siting should be¢ con-
sidered. These include:
< environmental, cnginecring/ecconomic, socio- .
cconomic, health, and safety issucs
v intangibles
. differential impacts over socicty
SQ? ﬁ(2
'EA L
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1.3

1.2.4

T L I ——— —

The varying degrees of impact that the Candi-
date Sites will have with regard to each o! the

multiple concerns should be considered.

The analysis of all Candidate Sites should he
comparable both in level of detail and in

analysis method to that for the primary site.

Sufficient data should be used to justify

statements made.

The rationale should be provided for the method
used to integrate the analysis results and to

select a site.

Uncertainties in data and natural variations
in conditions at the Candidate Sites should be

considered.

The impacts of a nuclear power plant at cach
Candidate Site over the long run should be

considered.

Sensitivity Analysis: It should be possible to explore

the sensitivity of the study conclusions to changes in

data and other inputs. 592 3/
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2. Public Perception: 'The method should directly and demonstra-

bly address the concerns of interested public groups. In :
particular,
2.1 Understandability: The method shou.d be understondable

to the enlightened layman.

2.2 Perceived Public Input: The method should appear to and
actually involve the public directly in the Site Sclec-
tion process.

3. Practicality: It should be possible to carry out the method

in a real-world environment. In particular,

W

o

Expertise: The skills needed to implement the method

should be widely available.

Cost: The method should . relatively inexpensive to

implement .,
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4. ATTRIBUTES TO MEASURE DEGREE OF ATTAINMENT OF OBJECTIVES

4.1 Selection of Attributes .

. . o . e -

It is necessary to specify an attribute (measure of cffectiveness)
for cach of the eighteen lowest level objectives in the evaluation of E
site selection methodologies. No natural scale existed to measure the |
degree of attainment for any of the objectives. (Thie is true even for
cost., which would seem to have a natural scale of dollars. The cost of

applying a methodology depends, however, on the region of application.

For example, costs for applying a specified methodology in Arizona may

' differ from those for its use in Massachusetts.)

For all cighteen lowest level objectives, scales werc constructed
to serve as attributes. These were developed in conjunction with the
individuals who aided in the specification of objectives for the evalu-
ation. In addition, the scales were modified in light of experience
using them to describe different siting methodologies. The final attr.-
bute scales, described in Subsection 4.2, allow accurate depiction of

the differences among the various siting methodologies.

4.2 Description of Attribute Scales

For ease in later mathematical work with the attribute scales, alge-
braic symbols were assigned to represent cach attribute. These symbols

are defined in Table 4.1. The subscripts on the symbols arc the
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Table 4.1 DEFIN'TION OF SYMBOLE FOR ATTRIBUTES

l'

Quality of Analysis
1.1 Candidate Site Identification
$. 1.8 Candidate Area Determination

xllll = Screening criteria clearly stated

x1112 = Screening criteria explicitly justificed
x1113 = Sufficient data used

1.1.2 Cardidate Site Determination
xllZl = Seiection criteria clearl. -tated
)(“22 = Selection criteria explicitly justified
x1123 = Sufficient data used

1.2 Site Selecticn

121 = Multiple concerns cc sidercd

122
123
124
125
126
127
1.3 Sensitivity Analysis

= Degree of impact considered

= Comparable analysis of candidate sites
Sufficient data used

= Selection rationale provided

= lUncertainties considered

P M M P K M
"

= Long-term impacts considered

X, . = Sensitivity analysis possible

13

Public Perception

X21 = Understandability of methodology
X,, = Perceived public input

22
Practicality
X3 = Expertise required to usc methodology
st = Cost of using methodology
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same as the numbers assigned to chjectives in Figure 3.1 except that

B the decimal points have been omitted.

The definitions of the possible levels of cach attribute are given
below. . .c numerical levels have no exact relative meaning, except thut
larger numbers indicate more preferred levels. Thus, for example, a
level of 2 on an attribute scale is better than a level of 1, but it is
not necessarily twice as good. Basically, the numbers are a shorthand;
they represent a particular scale level and eliminate the nced to write

out the complete definition of that scale level at each refcrence.

1. Quality of Analysis
i.1 Candidate Site Identification
1.1.1 Candidate Area Jetermination

: 1.1.1.1  Screening criteria clearly stated

( )

i

| 0. No criteria explicitly stated.
‘ 1. Some criteria explicitly stated,
. but some types not stated (e.g.,

intangibles).

L]
.

| but qualitatively stated.

45 5(}2 2 J

All screening criteria explicitly




1.

)

Candidate

3. I'ssentially all screening cri-
teria explicitly and quantita-

tively stated.

Screening criteria explicitly justi-

fied (XIIIZ)

0. No criteria cxplicicly justified.

. Some criteria explicitly justi-
fied, but some types not justi-
fied.

s All screening criteria justified.

Sufficient data used (xlllz’

0. Little or no data available to
implement criteria accurately.

1 Data available to implcment
some criteria accurately, but data

not available for some types.

N

Data available to imp'ement all

¢riteria accuratelyv,

Site determination

Selection criteria clearly stated

1121
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101-202

0. No selection criteria cxplicitly
stated.

§L Some criteria cxplicitly stated,
but some types not stated.

2. All criteria explicitly but
qualitatively stated.

3. Essentially all screening criteria
explicitly and quantitatively

stated.

Selection criteria explicitly justi-

fied (XIIZZ)

0, No criteria explicitly justified.
K, Some criteria explicitlv justi-
fied, but some types not justi-

fied.

ta

All criteria justified.

Sufficient data used (xll’§’

0. Little or no date available to
implement c¢riteria accurately,

4 Pata availahle to implement
some <riteria accurately, but

data not available for some types.
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1.2 Site Sclection

2. Dhata available to implement

all criteria accurately.

1.2.1 Multiple concerns considered (XIZl)

L)

i
.

The existence of multiple concerns recog-
nized but without consideration of trideoffs.
The major concerns and tradeoffs qualita-
tively discussed in some detail.

Tradeoffs quantitatively analyzed for some
concerns but not for others (e¢.g., intang-
ibles).

Limited quantitative value tradeoffs (e.g.,
linear substitutability) made among all
concerns, but the basic for the tradeoffs
among the different attributes not pro-
vided.

Limited quantitative valuc tradcoffs made
among all concerns with the basis for the
tradeoffs among the different attributes
provided.

More complex and carcful tradeoff analysis

performed.

48
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Depree of impact considered (X5,)

-~

0. Not considered.

1. Degree of impact recognized qualitatively
but not quantificd.

2 Degree of impact quantified ror some
concerns but not for some types.

3. Degree of impact quantified for all con-

cerns.

Comparable analysis of Candidate Sites lxl )

y =
&

0, Candidate Sites discussed only gualita-
tively, with the primury site dis-
cussed in more detail.

1. Candidate Sites analyzed quantitatively
using same method as for primary site

but in limited detail.

L )
.

A1l Candidate Sites analyzed quantitatively

ia comparable detail.

%

Sufficient Jdata used (\1,4)

0. Data available but accuracy in substantial
doubt.,

s ajor clements of the unalysis supported
by rood data, but some data either missing

or of questionable accuracy.

.

592 2.1
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24 Accurate data backing the entire Site

Selection analysis.

Selection rationale provided (Xl )

25

0. Decision mechanism not clearly presented.

I. Mechanism clearly presented.

Uncertainties considered (Xl,ﬁl

0. Single values with no clear meaning used.

1 Single values used with acknowledgement
of a few uncertainties and natural varia-
tions but no quantification of them.

e Single values used with acknowledgement
of most major uncertainties and natural
variations but no quantification of them.

3. Majos uncertaintices and natural variations

analyzed quantitatively.

Long-term impacts considered {X137;

0.  Not considered (except perhaps for dis-
counting of monctary costs).

1. Mscussed gualitatively for some aspects
of the Site Sclection.

2. Discussed quantitatively for some aspects

of the Site Selection.
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1.5 Sensitivity analysis possible (xlsy

0.

No sensitivity analysis results presented and in-
sufficient data presented to enable the reader

to do any himself.

The means available for a limited sensitivity
analysis. (The analysis may actually be done in
the report, or data sufficient for the reader to do
it may be presented.)

Sensitivity analysis results presented for many
major components of the Site Selection study.
Virtually complete sensitivity analysis results

presented.

2.  Public Perception

(3%
-—

0.

ta

Understandability of methodology (x,]}

Requires special technical knowledge to understand
anything.

The general approach can be understood without
technical knowledge but not the specific calculations
needed to implement it.

No special knowledge required to understand the

approach or its implementation.

~

L

wn
~2
~o
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2.2

Perceived Public Input (122)

0. No direct public participatien in the site sclection
process.

1. Direct public participation in process.

3.  Practicality

5.1

Expertise required to use methoclology (xKl)

0. Specialized and not widely known techniques requircd
(e.g., decision analysis).

1. Specialized but relatively well known skills required
(e.g., cost/benefit).

2. Routinely available skills only required (c.g.,

engineering economy).
Cost of using methodology (X;,)

0. tHiigh cost,
i Medium cost.

2. Low cost.

wh
0
™~
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o QUANT ITATIVE DESCRIPTION OF SITING METHODGLOGTLES

5.1 Discussion of Siting Studics Lvaluated

Siting studies presented in cleven Environmental Reports and ore
Final Environmental Statement were chosen for dotailed classitication
of the site selection methodologies they employed. Table 5.1, which is
equivalent to Table 1.1, identifies the methodologies used for the three
phases of the siting process for cach of the twelve studies. Specific

. . ¥ « . *
detatls of the studies are discusscd in the following paragraphs.

The Blue Hills Station siting study [1] used a combination of
¢xclusion screening and favorability selection at both the Candidate
‘rea and Site selection phases. The study used a cost-cffectiveness
unalysis to select the proposed site, It was stated that the environ-
mental impacts at the Candidate Sites were eguivalent. The Callaway
Plant siting st.udy [2] used the same methodologies except that no

exclusionary criteria werc stated.

The Douglas Point Nuclear Generating Station siting study used

tavorability selection for both the Candidate Area and Site sclection

Recall from Subsection 1.2 that the majority of the siting studies re-
viewed anpeared to use favorability selection for both Candidate Arca
and Site selection. This classification may not reflect the methodo-
logy actually used, but may have resulted from insufficient information
being presented in the ER concerning the site selection process. [If
exclusionary criteria or acceptability scales were employed but not dis-
cussed in the ER, the appearance of having usced screening would result.
(VR 5 0 o
i LD
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Table 5.1 SITING STUDY METHODOLOGY CLASSIFICATIONS

Phase I Phase Il Phase I1I

Candidate Candicate Proposcd
Siting Study Arcas Sites Site
Blue [1ills Station FS and ES FS and ES CE
Callaway Plant FS FS CE
Douglas Point Nuclear Generating Station (FES) F§ FS SR
Jamesport Nuclear Power Station FS FS and ES SR
Fulton Generating Station ES FS SR
Douglas Point Nuclear Generating Station (ER) FS FS QC
Marble Hill Y- rlear Generating Station FS FS QC
NEP Nuclear Power Plant ES FS QC
River Bend Station FS FS QC
Palo Verde N zlear Generating Station ES and CS ES and CS FS
South Texas Project FS and CS FS cs
Tyrone Tnergy Park ES ES and CS cs

CE = Cost-Effectiveness Analysis

ngend

CS = Comparison Screening

ES
FS

QC
SR

L )

Exclusion Screening

Favorability Selection
Qualitative Comparison
Site Rating

e ——
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phases. The R study [3] used a qualitative comparison to sclect the
Proposed Site, whereas the FES study [4] used a site rating scheme.

This latter scheme involved ranking the three Candidate Sites on each of
ten siting criteria. The Jamesport Nuclear Power Station siting study
[5] used the same methods as the Douglas Point FES study, with the
addition eof exclusion screening in the selection of Candidate Sites.

For its specific site rating scheme, the five candidate sites were rated
I, 2, or 3 (1 = preferred, 2 = favorable, 3 = acceptable) on five engincering
criteria and seven environmental criteria. The ratings were added to
rank the sites. The sites were also ranked from a total-cost standpoint,
The final Jamesport site was first on both rankings. The Fulton Generat-
ing Station siting study [6]| methodology differcd from that of the
Douglas Point FES study by its use of exclusion screening to dotermine
Candidate Arcas. The Fulton study rating scheme consisted of assigning

a value of 1 = preferred or 2 = acceptable to factors within nine siting
criteria. Fach criterion contained from five to nine factors. tach
¢riterion was rated according to the average of its factor values. Each

site was in turn rated according to the average of its criterion ratings.

The Marble Hill Nuclear Gencrating Station [7] and River Bend
Station [8] siting studies both used a favorability selection to
determine Candidate Areas and Sites and & qualitative comparison to
select the Proposed Site. The NEP Nuclear Power Plant siting study
[2] was the same except that it used exclusion screening to determine

Candidate Areas.
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The Palo Verde Nuclear Generating Station siting study |10] used
exclusion screening and comparison screening to determine Candidate
vreas and Sites. Arcas were rated on a 0 to 5 scale based on degree of
acceptability. The siting criteria were given weighting factors and the
composite rating determined Candidate Areas and Sites. The Proposed
Site was picked primarily on favorability selection, since data acquisi-

tion at other sites would have upset the time schedule.

The South Texas Project siting study [11] used a combination of
favorability selection and comparison screcning to select Candidate
Areas. Candidate Sites were chosen by favorability selection. The sites
were rated on a 0 to 5 acceptability scale on six siting criteria and on

cost differential. The criteria were weighted to provide a site ranking.

The Tyrone Energy Park siting study [12] used exclusion screening to
determine Candidate Aress and exclusion and comparison screening to
determine candidate Sites. The three Candidate Sites were narrowed to a
Proposed Site by reans of comparison screening. The sites were rated
on a 1 = poor to 4 = excellent scale for the different criteria. The

criteria were then weighted and the sites ranked.

5.2 Description of Methodologies

Evaluation of the twelve siting methodologies according to the
attributes defined carlier was carricd out using data presented in the

ERs and FES. During determination of scale leve!:s ror cach attribute

”~ q‘j
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,or the various siting methodologies, it became apparent that there were
flaws of two types in the application of the methodologies, First,
there were some difficulties that could casily be corrected without
¢changing the methodology. For example, some of the siting studics did
not contain explicit statements of all the screening criteria used in
the Candidate Area determination. This is a methodological fiaw, but
one that could easily be corrected without changing the basic methodology
used in the study. Other methodological flaws were intrinsic to the
approach used and could not be changed without changing the methodology.
For cxample, some methodologies did not consider uncertai .tics in the
input information. There would be no way to consider these withous

changing the methodology substantially.

In order to evaluate the methodologies more accurately, it was
decided to determine attribute levels describing the methodology in each

study as it was actually implemented and, in addition, as it potentially

could be implemented if the minor flaws were avoided. The attribute
levels describing each methodology as implemented are given in Tlable
5.2, and the levels describing the methodologies as they potentially
might be implemented are given in Table 5.3. For reference, the best
possible ratings for each attribute are listed in these tables. A

detailed explanation of the reasons for cach attribute level is given in

Appendix 4.

Examining these two tables leads to several conclusions. First,

although all twelve of the methodologies as actually applied arc somewhat

FQ92 770
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different, when the potential for the - “.odologies is examined (Table
5.3) there are only five distinct methodologies. All the methodologics
in Table 5.2 are variations of these five, which differ in the degree

to which easily correctable errors were avoided in applying the methodo-

logy.

The tables also show that six of the twelve methodologics as ac-
tually applied are dominated. That is, for the dominated methodologics
there is another methodology which is at least as good on all attributes
and better on a* least cre attribute. The dominated methodologics could
never be rated as the best regardless of what objective (utility)

function was used to do the rating.

Three of the five methodologies as they might potentially have been
applied are also dominated. The two nondominated entries in Table 5.3,
methodologies IV and V, differ from each other only in the levels of
attributes Xl3

ferred methodology will depend on whether the cvaluator judges the

{Sensitivity Analysis) and XS’ (Cost). ‘thus, the pre-

increased ability of methodology IV to perform sensitivity analysis to

be worth the extra cost.

The situation is not so simple in Table 5.2. [If, howcver, the
levels of xlllz (screening criteria explicitly justified) and \3: (Cost)
were each raised by one for the Palo Verde methodology, then it would
dominate all the other methodologies in the table. Furthermore, it

rates much higher on some attributes than most of the other methodologics.
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Thus, unless a great deal of importance is attached to justifying
screening criteria explicitly and to keeping cost down, we would expect

the Palo Verde methodology to be the preferred one.

In the next section objective, or utility, functions are presented

and used to rank the methodologies.

~ ™ 7
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6. MULTIATTRIBUTE UTILITY FUNCTIONS FOR EVALUATING METHODOLOGILS

The discussion in Section 5 indicates that the relative rankings
of the different methodologies may depend on the relative importance
attached to the different objectives. To investigate this, multi-
attribute utility theory was used to construct utility (objective)
functions that combined the eighteen attributes presented in Section 4
to obtain a single measure of the overall effectiveness of each metho-
dology. These utility functions have a number of parameters which can
be varied to account for different assessments of the relative importance

of the various objectives.

we interviewed four individuals involved in aspects of nuclear
siting studies as discussed in Subsection 2.2. Three sets of utility
function parameters representing the spectrum of viewpoints found in our
interviews were determined. The three different utility functions were

used to rank the different methodologies.

The spirit of the utility assessments was as follows. In our
initial interview, we planned to ascertain that the attributes we had
defined were meaningful to the problem and to obtain a reasonable, but
somewhat rough, overall utility function. Then we intended to evaluate
the methodologies with these utility functions to determine, among other
things, if more defined utility assessments were necessary. The initial

utility assessments were simplified for convenience in three respects:

£G? ?36
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1. All the assumptions necessary to verify the appropriatencss
of a particular utility structurc were not investigated to

the degree permitted by the methodology.

I

} 2. The single-attribute utility functions, whose scales were
| constructed to provide linear preferences, were simply

l

assumed to indeed be linear.

3. The scaling factors were assigned in part from assessing
the relative importance of the various attributes rather

than by explicitly assessing value tradeoffs among attributcs.

l

l

|

i The results of the rankings (see Section 7} using these utility

| functions and the sensitivity analysis indicated that these assumptions

could not have distorted the implications of the analysis. Hence, no

.

f further refinement of the utility functions was conducted. This section
! indicates details of how the utility functions used in ranking the site
F

selection methodolegies were determined.

6.1 Structure of Utility Functions

Careful thought in defining the attributes and subsequent discussions
with the interviewees indicated it was reasonable to assume at ecach

level in the objectives hierarchy that the necessary utility and pre-

ferential independence conditions held for a multiplicative or additive

~0
o
™
G
—
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decomposition of the utility function. These independence conditions,
which are illustrated below, are discussed in more detail in Appendix 3.
The utility function structure that results from these decompositions

is shown *a Table 6.1. In this table u(x) represents the utility
function over all the attributes, the various subscripted u's are
utility functions over subsets of the attributes, and the subscripted
k's and K's are constants. Table 6.1 shows that the utility function
u(x) is completely determined if single-attribute utility functions arc
found for each of the eighteen attributes discussed in Section 4 and, in

addition, several constants are specified.

To provide an intuitive feeling for utility and preferential in-
dependence, let us consider determining the overall structure of u(x)
as a function of the three component attributes Xl’ Xz, and xs. If the
assessment of the utility function over X does not depend on the levels
of x2 and XS, then we say that Xl is utility independent of the pair
T xs. This implies ul(xl) exists and, in paiticular, it does not

depend on X, and XS' I[f the value tradeoffs between attributes 5 and
X, do not depend on the level of XS’ then the pair Xl. X, is pre-
ferentially independent of X.. This implies that the relative value of

the scaling factors kl and k, does not depend on Xz

If )1. 1 =1, 2, 3, is utility independent of the other two attri-
butes and if each of these pairs of attributes is preferentially in-

dependent of Xi. i=1, 2, 3, then either the additive or multiplicative
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Table 6.1 UTILITY FUNCTION DECOMPOSITIONS INDICATING
THE ADDITIVE AND MULTIPLICATIVE FORMS

3
z ki“i(xi) additive,
} i=1
ulx) = 3 (6.1)
l %{‘ ‘ [Kkiui(xi)*l]-l} » K#0 , multiplicative,
i=1
|
PILTERLTL
B
ui(xi) = | N (6.2)
1 »
j=1
i=1,7,3;N1=3;N2‘~'2; N3;2
Nlj
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a=1
1 I 3
m=1
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w=1
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form in (6.1) of Table 6.1 must hold. Similar conditions are required
for the decomposed forms of the component utility functions in Table

6.1‘

In assessing the utility functions, questions were asked of the
interviewees to determine whether the appropriate independence condi-
tions held. In particular, the critical assumption for rough assess-
ments is preferential independence. We determined that the relative
importance of pairs of attributes did not depend on the other attributes.
Roughly speaking this meant, for instance, that objective 1 was three
times as important as objective 2 when objective 3 was at an undesirable
level. Then objective 1 would still be three times as important as
objective 2 when objective 3 was at a desirable level. Each of the inter-
viewees felt such assumptions seemed reasonable as an approximation at

each level in the objectives hierarchy.

6.2 Determination of Single-Attribute Utility Functions

When the attribute scales for the siting methodology evaluation
were being constructed, the scale values were selected partly in an at-
tempt to obtain linear utility functions over each attribute. In cases
where it appeared lineicity would not be reasonable, the scale values
were redefined to gain linearity. Thu-, for preliminary analysis pur-
poses, it was reasonable to assume that the utility function over each
tattribute was linear. This assumption resulted in the utility functions

presented in Table 6.2.



Table 6.2 SINGLE-ATTRIBUTE UTILITY FUNCTICNS

Ui &) =B =% L 2,03
Upn12®y02) = +500%),050 X432 0, 1, 2
Y13(%g133) = -500%)3450 X535 705 1, 2
U215 = +333% 100 Xy =0, 1, 2, 3
Uy221%)122) = +500%),55, X)y95 =0, 1, 2
Up123(%1123) = +500% 55, X155 =0, 1, 2
Upa1(*yp)) = - 200%p50, X5y =0, 1, Ly S
Uypa(Xp23) = -333%)990 %15, 20,1, 2, 3
Uya3(Xpa3) = 500X 05, X195 = 0, 1, 2
U124(%1q) = 500K 500 Xy = 0, 1, 2
Uy25(X)25) = Xyogs Xy = 0, ]
ul?ﬁ(xIZG) = .33ax126, X126 = 0,1, 2, 3
u127(x127) = .500x127, X127 = 9y 1, 2
uls(xls) = .331;13, 5 = 0, 1, 2, 3
u21(x21) = 'SOOKZI’ X5y * 0, 1, 2
Uyp(X35) = Xp9s Xy, = 0, 1
o € -
u31(x51) 2 .JU”ASl, Xey ° 0, 1, 2
Ugplhg,) = 500kg,, xop = 0, 1, 2
Eﬁf é L i
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6.3 Determination of Utility Function Scaling Factors

The major input in specifying the scaling factors (i.e., the k's)
in Table 6.1 involved obtaining the intervieweces' responses to questions
involving the importance of the various objectives. For instance, with
the ranges of the attributes given in Section 4 we would ask, "If you
could move all the attributes measuring objective 1 or all the attri-
butes measuring objective 2 cr all the attributes measuring objective
53 from their worst to their best levels, which would you prefer?" Note
that this is somewhat like asking, "Is Quality of Analysis, Public
Percept .on, or Practicality the most important?" A response of Quality
of Analysis indicates that kl in (6.1) must be greater than cither k2 or
ks. [f Public Perception is second in importance, then k2 is greater
than k.. If Quality of Analysis is more important than Public Perception

and Practicality combined, then k, must be greater than k, plus k;.

1

Such considerations involving combinations of different levels of
the objectives hierarchy yielded a relative ranking of all the k's for
utility models at each level in the objectives hierarchy as specified in
Table 6.1. Some value tradeoffs were assessed as a check on the relative
values of scaling factors. When necessary, adjustments were made to

bring about consistency.

A standard lottery question was asked to determin: the absolutc

value of kl from which cach other k could be determined. (See Appendix 3
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ror a discussion of such lotteries.) From the k's, one can directly

calculate all the K's needed in Table 6.1.

From the responses of the interviewees, the three sets of para-

T I T ————

meters shown in Table 6.3 were constructed. (See Appendix 3 for a

R R

discussion of how the responses are used to determine the parameters.)
; Note that the sets of parameters shown in the table do not represent the
utility functions of specific individuals, but rather the different
points of view expressed. As mentioned earlier, four individuals were
interviewed and their responses were amalgamated to obtain the paramecter

sets shown.

Within any component utility function in Table 6.1, the relative
size of each scaling factor is indicative of the relative importance

attached to the objective associated with that parameter. An examina-

tion of the parameter values in Table 6.3 shows substantial disagreement

about the relative importance of the different objectives used in the

evaluation of site selection methodologies. In fact, the only major

agreement is that the Quality of Analysis objective is much more important

than the Public Perception and/or Practicality objectives.

These differences in parameter values quantify some of the dis-
agreements within the nuclear community about the importance of various

aspects of nuclear power plant siting methodologies. When we first

R R R RO R R RN

obtained the three sets of utility function paramcters, we were concerned

that the major disagreements might make it difficult to reach firm

72
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Table 6.3 PARAMETERS FOR UTILITY FUNCTIONS

Scaling Utility Utility Utility
Factor Attribute Function 1 Function 2 Function 3
kl Quality of Analysis .667 .800 .850
k2 Public Perception . 267 .150 .079
k3 Practicality .033 .050 .150
kll Candidate Site

Identification .460 .210 .750
klZ S5ite Selection .360 .560 .375
k13 Sensitivity Analysis .180 .230 . 250
klll Candidate Area

Deternination .450 .800 .750
k112 Candidate Site

Determination .550 .800 . 250
kllll Screening Criteria

Clearly Stated «a73 .250 . 750
k1112 Screening Criteria

Explicitly Justified .181 .250 .500
klllS Sufficient Data Used . 546 .500 .625
k1121 Selection Criteria

Clearly Stated .273 .250 . 750
k1122 Selection Criteria

Explicitly Justified .181 - 250 .500
k1123 Sufficient Data Used .546 .500 625
klZl Multiple Concerns . 208 R ¥ .075
k122 Degree of Impact . 250 275 156
k123 Comparable Analysis .042 .403 .150
k124 Sufficient Data .042 407 .120
klZS Selection Rationale .125 .183 .038
k126 Uncertainties .126 .183 .113
k Long-Tern I' racts . 208 147 . 150

127 o 4

RZI Under tandability .429 . 200 .850
22 Public Input .571 .800 . 250
RBI Expertise Required 1 .100 .750
k32 Cost 0 . 900 L 250
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conclusions about the relative ranking of the different siting method-
ologies. As the analysis in the next section shows, however, the same
methodology is ranked as best by all three utility functions and the

relative rankings of all the methodologies are fairly similar with the

different functions.

) Lo B 2 1 e
y !
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Is EVALUATION OF METHODOLOGIES

.

The ranking of the siting methodologies as they were applie” using
the three different multiattribute Ltility functions is given in Table
7.1. The rankings f.- the methodologies as they potcntiﬁlly might have
been applied are presented in Table 7.2. The utilities of the various
methodologies for both cases are displayed graphically in Figure 7.1.

The tables and figure show that the rankings are fairly similar for all
three utility functions. In fact, the rankings of the methodologies as
they potentially might be applied are identical for the three utility
functions. For the methodologies as actually applied, the most preferred
methodology (Palo Verde) is the same for all three utility functions,

and the five best methodologies (Palo Verde, South Texas, Tyrone, Blue
Hills, and Jamesport) are the same. South Texas, however, ranks fourth
using utility function 3 while with the other two functions it ranks
second. An examination of the utility function parameters shows that
utility function 3 places much more importance on justifying the screening
criteria for Candidate Areas (attribute xlllz) than do the other two
utility functions. Thus, the failure of the South Texas methodology to

justify all its screening criteria results in the lower ranking by

utility function 3.

The relative insensitivity of the evaluation results tn the dif-
ferent utility functions seems surprising at first. But examination

of the attribute ratings in Tables 5.2 and 5.3 shows that in general the
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Table 7.1

RANKINGS OF METHODOLOGIES AS ACTUALLY APPLIED

Ptility Function 1

vtility Function 2

Utilisy Funeticn 3

Methodology Ut

i%5e

Rank Methodology Utility Methodolopy Utility i1ie
b ?alo Verde Nuclear Palo Verde Nuclear Palo Verde . :zlear
Gencrating Station .721 Gencrating Station .768 Generating Station 921
2 Soyuth Texas Project 641 South Texas Project .740 Tyrone Energy Peork +857
3 Tyrone Energy Park .625 Tyrone Enerpy Paxl .713 Blue Hills Station .882
4 lue Hills Station .618 Dlue Hills Station .692 South Texas Project 863
5 Janmesport Nuclear vamespert Nuclear amesport Nuclear
Power Station .550 Powor Station .679 Power Station .838
6 Callaway Plan .530 Callaway ?laat .664 Douglas Peint Nuclear
Generating Station (ER) .835
7 Couzlas Point Nuclear Fulton Cencrating Station ,604 Douglas Point Nuclear
Cemercting Station (ER) 524 Gererating Station (FES) .829
L Doxuglas Toint Nuelearw Ou.'wvlas Point Nuclear NEP Nuclear Power Plant .817
Cencrating Station (FIS) 495  Geaerating Station (ER) «590
9 Fulton Generating Station .478  Douglas Point Nuclear River Bend Station .807
Cenerating Station (FES) +589
10 River Bend Stalion 464 River Bend Station +368 Callaway Plant .201
11 NEP Nuclear Power Plant . 55 Marble Hill Nuclecar Marble Hill Nuclear
senerating Station .561 Gencrating Station .780
12 Marble Hill Nuelear NEP Nuclecar Pewer Plant «557 Fulton Generating Station .689
Generating Station 432
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better methodologies have good ratings on most of the attributes. Thus,
the particular importance attached to each attribute is not too significant,
resulting in the relative insensitivity of the rankings to the particu-

lar utility function parameters.

The implications of the results presented here are discussed in

Section 8.
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8. IMPLICATIONS OF THE ANALYSIS AND RECOMMENDATIONS FOR
FURTHER STUDY

8.1 TImplications of Results

There are three main contributions of this study:

1. The specification of a set of objectives desired from a
methodology for evaluating potential nuclear power plant
sites. Attributes to measure the degree to which a

methodology met these cbjectives were constructed.

3]
.

The evaluation of methodologies as they have been used and
as they might potentially be used. Fven though the
methodologies were evaluated from three significantly
different viewpoints, the rankings of the methodologies

were very similar in all three cases.

ol
.

The identification of specific weaknesses in the best
methodologies. These concern selecting a Proposed Site from
the Candidate Sites and not providing mechanisms for in-

volving the pubiic in th- site selection process.

The principal purpose o€ this study was to identify strengths and

weaknesses of methodologies used for nuclear power plant site selection.

The attributes in Section 4 define what is meant by strengths and
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weaknesses and the utility function analysis in Sections 6 and 7 rates
the methodologies. These attributes provide a convenient "checklist"
for evaluating the methodology used in any siting study and for identifying

its strengths arnd weaknesses.

The best rated methodologies generally use a combination of either
favorability selection or exclusion screening and comparison screening.
This combination allows Candidate Sites to be identified efficiently
from easily accessible data, and also allows a quantitative analysis of
the various multiple concerns in site selection as well as the degree of
impact the site will have with respect to each of the concerns. The
quantitative nature of this methodology permits sensitivity analysis to
be done to identify the critical factors that influence the selection of

a Proposed Site.

A comparison of Tables 5.2 and 5.3 and Tables 7.1 and 7.2 shows
that all the methodologies have been applied considerably below their
potential. In particular, the screening and selection criteria used for
Candidate Area and Site determination are often not explicitly stated in
the ER. In many cases, an explicit justification of why the criteria
were used is not given. These methodological flaws would be relatively
easy to correct. With the flaws, the value of the Site Sclection
section of the ER is substantially reduced, since it is impossible to

determine the basic criteria that were used to select Candidate Sites.
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With many of the methodologies, a rationale is not provided for
selecting a Proposed Site. Also, an investigation of the major un-
certainties about the possible impacts, especially long-term impacts.
of a proposed nuclear power plant on the site is lacking or nonexistent.
Once again, these weaknesses are easily correctable, which wou ! signifi-

cantly increase the value of the Site Selection section of the ER.

Table 5.3 indicates that, even when fully utilized, the best of the
methodologies (i.e., methodologies IV and V) have important shortcomings.
In particular, neither considers value tradeoffs among the multiple
concerns of Site Selection as carefully as currently available analysis
methods would allow, nor does either quantify uncertainties and long-
term impacts for the sites. Finally, none of the methodologies allows

for direct public participation in the Site Selection process.

8.2 Limitations of the Study

Two cautions need to be made regarding the analysis. First, we

have analyzed only the methodologies used in the siting studies we

examined. There are many nonmethodological characteristics of a study
that might make it a poor study even though the methodology used was
good. For example, the screening criteria used 1or Candidate Area
determination might be clearly stated and justified and accurate data
used to implement them, but the justification might be unacceptable to
NRC. Thus, the Candicate Area determination would be poor even though

the methodology used was good.
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Finally, this study was limited to methodologies that were used in
ERs that have been submitted to NRC. Other methodologies, such as cost/
benefit and decision analysis, have been proposed for use in power plant
siting. However, since they have not been used in reports submitted to
NRC, they we.e not considered here. It is pcssibiz that some of these
me:rodologies overcome the difficulties sharea by all the methodologies

analyzed here.

8.3 Recommendations for Further Study

There appear to be threce major directions for possible extensions
of the work discussed here. These involve, respectively, the three

main contributions of this study outlined in Subsection 8.1.

The objectives and their attributes specified in Sections 3 and 4
were developed over time in discussions with several individuals familiar
with aspects of nuclear power siting. Yet, they could of course be im-
proved upon. Further work on this should involve a broader spectrum of
individuals concerned about nuclear power siting, as well as more in-
depth interviews to articulate more completely what exactly is desired

of a nuclear power plant siting methodology.

The evaluation aspect of the study could be extended in several
manners. Since all the methodologies currently in use have shortcomings,
it may be worthwhile to investigate other methodologies that have been

proposed for siting studies but have not yet been used in reports submitted
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tc NRC. Some of these may overcome shortcomings in currently used

methodologies.

Our utility assessments utilized technically trained individuals
associated with nuclear power plant siting. Our results indicrted
substantial disagreement about the relative importance of different
siting methodology objectives even with this relatively homogeneous
group. It may be desirable to assess the preferences of a broader range
of iadividuals. In particular, the views of various public interest
groufs concerned with nuclear power plant siting might be useful to NRC.
Possibly their preferences would differ from those of siting specialists.
If this were the case, it would be interesting to know if those differences

led to different rankings of the methodologies.

Finally, it was not necessary for our analysis to settle on a
single utility function. If the structure developed in this report were
to be used to rank the methodologies in siting studies on an ongoing
basis, however, then it might be useful to agree upon a single utility
function for this purpose. Further work needed to develop this function
would include additional interviews with the individuals with whom we
worked on this study to pinpoint more accurately the reasons for their
disagreement over the relative importance of different objectives.
Detailed discussions would possibly lead to changes of viewpoint and a
closer consensus on the utility function. If not, come policy decisions

would be needed as to which function should be used.

" .}
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APPENDTX 1

THEORETICAL BACKGROUND FOR THE EXISTENCE OF UTILITY FUNCTIONS

The axioms of decision analysis [1] define a formal logic for
evaluating alternatives where the consequ nces of those alternatives may
be uncertain. Because there were no uncertaintiecs among the alternatives
(i.e., the methodologies) in this study, not all the assumptions are
relevant. Specifically, the assumptions utilized in this study imply
the existence of a utility function to model the preferences of the

evaluator.

The von Neumann-Morgenstern utility function used is valid for
evaluations with uncertainty and hence uses iottery technigues in

assessment. This utility function was chosen for three reasons:

If the deterministic analysis indicated uncertainties
were important, we intended to incorporate them;
thus, a von Neumann-Morgenstern utility function would

have been necessary.

ro

The assessments required for a von Neumann-Morgenstern
utility function are generally easier than thosc required

for deterministic value structures.

3. The utility of each methodology will provide not only
a4 ranking of the methodologies, but will also give some

indication how muc’ hetter one methodology is than another.
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Before stating the axioms of utility theory, we define our nota-

tion. A simple lottery, written L(xl.p.xz). is a probabilistic cvent

characterized by two possible consequences, which will be designated by

[ X, and Xy, and by their respective probabilities of occurrence, desig-
nated by p ana l-p. The symbols >, ~, and < will be read "is pre-
ferred to," "is indifferent to," and "is either preferred to or in-
different to," respectively. Tus, X~ L(xz.p.xs) says that X is in-
different to the lottery which yields eithe.s *, wil™ probability p or

Xg with probability 1-p.

The axioms stat s he:  which imply the existence of a utility

function are only siightly modified from the formulation of Pratt,

e i

Raiffa, and Schlaifer [1].

Axiom 1: Existence of Relative Preferences. For every pair of conse-

quences x, and x,, preferences exist such that either x

Bl

UMy Xy ¥ X
l 2' 71 2°

or x, < Xl.

Axiom 2: Transitivity. For any lotteries Ll’ L., and LS' the following

hold:

" L

i) L, ~ L2 and Lz "~ L3 implies that Ll 3

i

11) Ll > L2 and Lz ~ L3 implies that Lx > L3. etc.

L
Line?
P

- e
€. K /
L




Since a consequence can be interpreted as a degenerate lottery
(i.e., p=1), axioms 1 and 2 together imply the existence of a ranking
of the relative desirabilities of the various possible consequences.
They do not say that an individual can articulate this, nor do they
require that this rankirg be stationary over time. Let us designate
as x° a consequence which is not preferred to any of the other conse-
quences for a problem and as x* a consequence which is at least as
preferred as each c¢f the other consequences. Therefore, one possibility
is that x° and x* designate the least and most preferred consequences,
although they may represent hypothetical consequences such that x* > x

and x » x° for all possible x.

Axiom 5. Comparison of Simple Lotteries. Given the preference order

> X,, then
i) Ll(xl’pl’xl) > Lz(xl,pz,xz) if P1 * Py

ii) Ll(xl'pl'xl) " I'.‘_(xl'p.?’xl) if Py = Py

-

Axiom 4. Quantification of Preference. For each possible consequence

x, the evaluator can specify a number =(x), where

0 <n(x) < 1, such that x » L(x*, n(x), x ).

Axioms 3 and 4 taken together establish a measure of the relative
desirabilities of the various consequences to the evaluator. The n(x)

value, or indifference probability as it is called, is that measurc.
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The measure »(x) in Axiom 4 indicates the relative preferences for
x. Clearly, since the standards x” and x* for measuring n(x) are some-
what arbitrary, different n functions may be assessed for a specific
individual in a particular sitvation. To be consistent with these
axioms, however, all possible functions must be positive linear trans-
formations of ecach other. Any positive linear transformation of » of
the form

u(x) = a + bn(x), b >0

is referred to as a utility scale for consequence x. The quantity

| u(x) is said to be the utility of consequence x. If one accepts the
above axioms, one should always prefer alternatives that maximize ex-
pected utility. There are no alternative procedures for making deci-

sions consistent with these axioms.

Since maximizing expected utility is equivalent to maximizing the
expected value of n, the arbitrary choice of x* and x° has no influence
on the actual decision. Utility provides a relative scalc analogous
to the temperature scales, and two scales which are positive linear

transformations of ecach other are identical for decision-making purposes.
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' APPENDIX 2

MEASUREMENT SCALES FOR QUANTIFYING ATTRIBUTES

|

|

[ In all formal analyses of the alternatives in decision problems,

| there must be some attempt to indicate the degree to which each objective
is achieved by the various alternatives. This necessitates the establish-

; ment of a scale (or scales) for each objective on which to indicate this
achievement. For important decision problems, the process of defining

{ these scales should be logically consistent and systematic. At the same

time, it is inherently subjective; it must encompass professional judg-

1 ment , knowledge, and experience.

For any particular problen, the aralyst wishes to specify a set of
scales which are useful for examining the alternatives. The set of
properties which render such a set useful are discussed in detail in
Keeney and Raiffa [1]. This appendix concerns the specification of
individual scales in the set. The process of integrating all these
scales in a maaner useful for evaluating the alternatives involves value
judgments weighting the importance of various levels of achievement in

different objectives. Tiis topic is discussed in Appendix 3.

In this study, scales needed to be constructed for each of the
| eighteen lower level attributes. For each attribute, we wanted to

accomplish three purposes with this scale:

M

~D

rD
o
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, B define different levels of achievement on the attribute

to describe the different characteristics of the methodologies »

2 select scale levels such that, loosely speaking, the
difference in utility between adjacent levels was the same,

i.e. the utility function over the scale would be linear

5.  guarantee that the ratings of each methodology in terms
of the attribute levels clearly articulated the strengths

and weaknesses of the methodologies

To accomplish purpose 1, we began to list levels of achievement.
This process was basically creative in nature and involved several
repetitions with individuals knowledgeable about the nuclear siting
process. As seen from Subsection 4.2, in the end some attributes required

only two levels and others required as many as five.

After more than three levels were constructed for any particular scale,
preliminary utility assessments were conducted to see if it was reason-
able to assume the difference in utility between adjacent levels was
equivalent. In most cases, this seemed to be an appropriate assumption,
When it did not seem appropriate, we created an additional attribute

level to make the assumption more accurate.

In categorizing the methodologies, careful attention was paid to
whether the attribute levels distinguished clearly among the methodo-

logies. In some cases, additional points were added to scales in this
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phase of the study. in others, coalescing two levels scemed appropriate
and was done. The result was tc include enough points to identify
differences in methodologies, but not so many as to obscure those dif-

ferences which seemed fundamental.
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APPEIIDIX 3

DETERMINATION OF UTILITY FUNCTIONS

To use the theory presented in Appendix 1 in an evaluation, it is
necessary to determine a utility function. This appendix discusses the
theory and procedures used to find the utility functions presented in

Section 6,

The evaluation approach in this study uses attributes, or measures
of effectiveness, to describe each alternative being evaluated. The
selection or construction of such attributes was discussed in Appendix
2. In this appendix we will assume that an acceptable set of attributes
Xl, xz, PR XN has been specified. Then to find a utility function u
for use in the evaluation, it is necessary to find a function u(xl, Xss

> xN) over the N attributes where X, Tepresents a specific value of
Xn. Generally, various independence conditiuns are exploited to simpli-

fy the determination of u.

A3.1 Utility and Preferential Independence

For notational convenience let

T e TR R T
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Then X, is utility independent of ii if preferences for risky choices

(lotteries) over Xi with the value of ii held fixed do not depend on
the fixed value of X,. The set (X, X;) .o preferentially independent

of xij if preferences for consequences differing only in the values of

X; and Xj do not depend on the value of iij‘

The following two theorems due to Keeney [1,2,3] exploit utility

and preferential independence to simplify the assessment of ..

Theorem 1. For a set of attributes (Ay» X5) if X, is utility in-

dependent of X, and X, is utility independent of X,, then

u(xl. xz) = klul(xl) * kzuz(xz) + klzul(xl)uz(xz)

where

* >

* *
= °) = (0 and u[xl. xz) = 1 for arbitrary xi, xg, X1» Xy

1* N

0 0 0. 0 x ) 3.
such that (x,, x;) > (xl. X5) and (X3, %5) > (x, x;),

i) u(x

ii) ui(xi) is a conditional utility function on Xi with ui(xi) =0

-
and ui(xi) =1, for i =1, 2, and

iii) Kk, = u(x}, xg), ky = u(x?, x3), and k , = 1-k

1 “Koyo

) "2

Theorem 2. For a set of attributes Xy - ey XV)’ N>35

if, for some i, Xi is utility independent of ii and (Xi. Xi) is preferen- .

-

tially independent of i}j' j=1,2, ..., 11, i*l, . . ., N, then

either

wn
O
™SO
~
N
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N
u(xl, Xyp o 0w xN) = 2 k"un(xn)

n=1
or
N
ku(xl. Xan v vy xN) +]1 = l ' [kknun(xn) + 1]
n=1
where
) 0o 0 0, _ . ¥ P
i) u(xi, Xar o v ey xN) 0 and u(xl, X530 o+ oy xN) i
ii) un(xn) is a conditional utility function on Xn with un{xgy =0
* - =
and un(xn) 1, n Yon B ¥ M
o 3 o 0 0 & a 0
1ii) ko WXy, X5 o 0wy, Xn-1* *p* Xpepr ¢ ¢ +» %), and
N
iv) -l<k # 0 is the solution to l+k = (l+kkn).
n=1

If the conditions for one of these theorems to hold are true, then
the determination of u is simplified. It is only necessary to find
N single-attribute utility functions, un(xn). n-e 1, 254 4 N, and

N parameters kl’ kZ’ x4l ¥ kN.

The questions needed to establish utility or preferential indepen-
dence are discussed in detail in Keeney and Raiffa [3) so only a brief
summary will be given here. To verify that (Xl. Xz) 1s prefcrentially
independent of XIZ‘ specified values of ixz are assumed and he person
whose utility function is being assessed is askcd how much of X he

1
would give up for a specified improvement in the value of X,. Then, new
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values are specified for inz and the same question about Xl and x2
repeated. If the tradeoff between Xl and xz is independent of the value
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